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ABSTRACT 

In this study, energy analysis of Upplands Väsby municipality was carried out with the aim of 
reducing the CO2 emissions in compliance with Kyoto Protocol. In order to achieve that the 
inventory of the current fossil fuel use, analysis of possible energy saving measures, and 
inventory of current potential for biomass production was studied respectively. 

The annual energy consumption according to different sectors which are mainly housing, 
transportation, public activities, construction, agriculture, forestry and fishery was 
investigated and found as 1000 GWh. Depending on the emission factors for each fuel type, 
corresponding CO2 emissions were calculated. These calculations showed that 85% of the 
total CO2 emissions are caused by oil and diesel which are mainly used in transportation. The 
emissions from electricity and district heating came out to be negligible compared to 
transportation because of renewable energy use in production. Thus, depending on the results 
of energy analyses, the main priority was set as transportation for CO2 emission reduction 
measures.  

The intention of Upplands Väsby municipality is first to implement efficient energy use rather 
than CO2 reduction or the production of the renewable fuels within the municipality. The 
possible energy efficiency and conservation opportunities were discussed and identified in 
two different perspectives; the tactical perspective that will cover the first 3 to 5 years and the 
strategical perspective for a longer period of 25 years. For the first years of energy efficiency 
program, the main objective was set to be reaching some amounts of energy savings by the 
easiest changes possible and advertising that to the public to gain their support and 
cooperation in the long term. On the other side, for the strategical perspective, the main 
objective must be reducing the CO2 emissions as much as possible and establishing a 
sustainable energy system depending on renewable sources. 

For the production of renewable fuels, biomass was preferred as the energy source as more 
than half of the Upplands Väsby municipality is covered with forests and farmlands. In the 
calculations, only the municipally owned lands were taken into consideration and privately 
owned lands were excluded. Furthermore, out of the land that the municipality owns, the 
forest lands were excluded from the biomass calculations with an aim of reserving the forests 
for recreational and natural conservation purposes. In the preliminary estimation in this study, 
the possible yields of biomass per hectare and year were used to reach the total amount of bio 
energy that can be produced. Since growing different kinds of energy crops will result with 
different yields of dry biomass per hectare and year, the most appropriate crops for the 
Svealand region were identified depending on the previous researches. The possible amount 
of bio energy that can be produced was calculated for willow, straw, ley crop, rapeseed, wheat 
and reed canary grass. As a result, it is seen that whatever the crop is chosen the average yield 
that can be obtained from the farmlands is around 30 GWh per year.  

After the energy balance, efficiency options and biomass estimation; the results from these 
three parts were combined and the possible CO2 reduction values for the next 25-30 years 
were estimated. In order to do that, different scenarios were considered such as replacing 
fossil fuels with energy from biomass, increasing energy savings and reducing fuel use in 
transportation. From the fossil fuel replacement scenarios, replacement of heating oil appears 
to be the most feasible option since the amount of energy than can be produced from biomass 
exactly matches the amount of heating oil used in the municipality and it is much easier than 
district heating and fuel replacements. From energy saving scenarios, the results for electricity 
savings are negligible compared to other options as a result of environmentally friendly 
electricity production in majority of companies in Sweden. Hence buying electricity from 
supplier companies with lower CO2 emissions gives more reductions in emissions than energy 



 ii

savings. The last scenario, which is reduction of fuel consumption, appears to be the best 
option among the others, because it results in higher CO2 reductions. Advances in technology 
and growing attention to environmental issues is likely to simplify the application options in 
terms of changing the transportation patterns of the public by encouraging them to use rather 
public transport or car polls, environmentally friendly cars, and etc. As a result, combining 
different scenarios, the maximum amount of CO2 reduction together with energy savings was 
calculated to be around 26% for Upplands Väsby municipality.     

This study revealed the deficiencies in organization and systematic data collection in the 
municipality levels and the need to establish a methodology for inventory and follow-up of 
energy use, production and related environmental effects.  

In conclusion, the main target of the Upplands Väsby municipality should be implementing a 
methodology for systematically collecting data on the energy use and CO2 discharges in 
different sectors of the Upplands Väsby economy, preferably using a life-cycle perspective. A 
second important aim should be to focus on energy saving measures, especially in the 
transportation and housing areas. A third interesting possibility is to support initiatives aiming 
of encouraging municipal and private land owners to contribute to energy production.   
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1. INTRODUCTION 
During the 20th century, the average surface temperature of Earth increased by 0,6 oC (EC, 
2007). This change in the climate is caused by human activities, specially burning of fossil 
fuels and deforestation over the last fifty years. The rapid increase of gases released to the 
atmosphere, mainly carbon dioxide (CO2), causes a greenhouse effect that leads to warming 
of Earth’s atmosphere, referred to global warming. Every year, 6 billion metric tonnes of 
carbon is added to the atmosphere as a result of fossil fuel use; which means 30% higher 
carbon dioxide concentration than pre-industrial times (McKibbin & Wilcoxen, 2002).     

Climate change is one of the major environmental threats of the 21st century, since a warmer 
Earth means changes in the water cycling (rainfall patterns, glacier, river run off and etc.) 
which leads to sea level rise and other impacts on plants, animals and humans. If required 
measures are not taken, it is predicted by the Intergovernmental Panel on Climate Change 
(IPCC) that the average surface temperature will continue to rise by 1,4 to 5,8 oC until the end 
of this century (EC, 2007). 

Since the scientists started to get concerned about the climate change, many different debates 
came up about how to tackle this problem. As no one can exactly determine how the climate 
will respond to this composition change in the atmosphere, many different scenarios about the 
future climate have been discussed. But the mainly accepted fact is that climate change is a 
global environmental problem and can only be solved by international cooperation. 

In 1990, United Nations established a committee to prepare United Nations Framework 
Convention on Climate Change (UNFCCC) which is also known as the Climate Convention. 
The Climate Convention came into force in 1994 and has been ratified by 189 countries. 
According to the Convention, information will be gathered and shared on greenhouse gas 
emissions and national policies and cooperation will be launched to reduce their emissions. 
Even though it is important to point out the climate change problem in the international arena, 
it does not give a clear description of what should be done and how it should be done to 
overcome this issue.    

In 1997, The Kyoto Protocol was adopted to the Climate Convention in order to strengthen 
and concretize its objectives. According to the Kyoto Protocol, industrialized countries should 
reduce the emissions of six main greenhouse gases (carbon dioxide-CO2; methane-CH4; 
nitrous oxide-N2O; hydro fluorocarbons-HFCs; per fluorocarbons-PFCs; and sulphur 
hexafluoride-SF6) by 5% from 1990 levels during the period 2008-2012. The Kyoto Protocol 
entered into force on 16 February 2005 and has been ratified by 165 countries up to date (UN, 
2007). 

Sweden is one of the countries that ratified the Kyoto Protocol with a target of not exceeding 
1990 emission values more than 104 percent in the period 2008 to 2012. In order to 
accomplish this target, a number of policy instruments are being introduced such as energy 
and CO2 taxes, electricity certificates promoting energy production based on renewable 
sources, grants and advisors for the municipalities, legislations in the waste sector and etc. As 
a result of that, the average emission value over the last six years is 3,7% below 1990 levels, 
which is equal to six tonnes of CO2 per person per year (SEPA, 2007).   

The Upplands Väsby municipality of Stockholm aims to reduce the use of fossil fuels within 
the municipality to reduce the CO2 emissions in compliance with Kyoto Protocol. This could 
be done by reducing the use of fossil fuels by more efficient energy use, producing renewable 
fuels within the municipality or purchasing renewable fuels from outside of municipality. The 
first priority of the municipality is efficient energy use and then the production of the 
renewable fuels within the municipality. As more than half of the Upplands Väsby 
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municipality is covered with forests and farmlands, the preferred renewable fuel is biofuels 
obtained from biomass.  
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2.  AIM AND OBJECTIVES 
The aim of this study is to analyze the situation of a Swedish municipality in terms of CO2 
emissions from energy use and forecast if it is possible to reduce these emissions in order to 
meet the targets of the Kyoto Protocol. Moreover, increasing the public awareness on climate 
concerns and ensuring public’s cooperation and involvement by showing them how much 
they actually can participate and contribute in succeeding the desired levels of CO2 is 
intended.  

The first objective of this thesis is to study the current energy balance of the municipality in 
order to identify the main sources of CO2 emissions and figure out the upstream and 
downstream users for possible future cooperation. The second objective is to specify energy 
saving options and possible measures to be taken by public and municipality to reduce the 
emissions through energy conservation. The last objective is to estimate the biomass potential 
of the municipality in order to replace fossil fuel use with bio energy. This will be achieved 
through calculation of available land, investigating possible energy crop types and estimating 
possible amount of energy that can be produced. After these studies the possible values of 
CO2 reduction rates will be given for different options.      
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3. METHODOLOGY 
This study consists of three major parts; the inventory of the current fossil fuel use, analysis 
of possible energy saving measures, and inventory of current potential for biomass 
production. 

In order to understand the total energy and fossil fuel use within the municipality, a systems 
oriented study of the current fuel and energy use in Upplands Väsby was carried out. Thus, 
the energy (electricity and fuels) flows from, to and within the municipality were identified 
and mapped. In the study, instead of geographical borders of the municipality, the life cycle 
perspective was used for energy. So not only the system chosen (Upplands Väsby 
municipality) but also upstream and downstream processes were considered.  

The input data used in this study were based on literature and web references plus personal 
communications. Swedish energy statistics were used for the energy balance of Upplands 
Väsby municipality for 2004. The lack of systematic data from the municipality and lack of 
communication within upstream energy suppliers hindered to perform a full life cycle 
analysis. A part of the CO2 emissions is generated outside the municipality during the 
production of electricity and district heating. So I tried to figure out the companies supplying 
these services and contact them to calculate their emissions during the production process. As 
a result of lack of information and sources; conversion losses and handling operations are 
neglected during the calculations of energy and CO2 emissions. The main scheme for the 
energy balance of Upplands Väsby municipality can be seen in Figure 1.  

Thus the thesis includes a total energy balance of the municipality mainly based on housing – 
heating and electricity, transportation and public services. After that depending on the share 
of fossil fuels and renewable fuels, the CO2 emissions caused by fossil fuels were calculated 
and analyzed according to different sectors and reasons. 

In the second part, possible energy saving measures were analyzed and possible reduction in 
the use of energy was investigated. Analysis of possible energy saving measures was done 
considering different options such as policy making, public awareness and market barriers as 
well as technological options. For the specific actions of Upplands Väsby municipality two 
different perspectives were identified: the tactical perspective for the first 3 to 5 years and the 
strategical perspective for a longer period of 25 years. 

The last part covers the strategic and possible amount of bio energy that can be produced 
within the borders of Upplands Väsby. In the estimation of biomass potential, the average 
yield values for Sweden were used for different kinds of energy crops and results are 
presented for different possibilities. Assumptions for the conversions used depend on previous 
studies carried out in Sweden. In addition, this part is just an estimation of total biomass 
potential in Upplands Väsby municipality and does not include the conversion technologies or 
energy production methods. 

 

In general, this study does not include the economical or social aspects of the current or 
suggested energy systems. It only provides an overall idea and can be used by the 
municipality as a pathway for further studies regarding energy and emission issues.  
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Figure 1. Energy balance of Upplands Väsby in a systems perspective
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4. UPPLANDS VÄSBY MUNICIPALITY 

Upplands Väsby is a municipality, located in central Sweden, Stockholm County. It is situated 
in the region between Stockholm, Kista, Uppsala, and Arlanda Airport; with 25 km to 
Stockholm, 45 km to Uppsala and only 15 km to Arlanda.   Its geographical situation, as well 
as the main railway line and the major highway E4 passing through, makes the Upplands 
Väsby municipality an important link between Arlanda, Stockholm and surrounding cities.  

 
Figure 2. Upplands Väsby municipality 

Upplands Väsby is surrounded by six other big municipalities of Stockholm which are, 
Sollentuna, Järfälla, Upplands-Bro, Sigtuna, Vallentuna and Täby. 

The total land area of the municipality is 85 km2, out of which almost a third is settled. The 
settlement is relatively close and the center lies geographically in the middle of the 
municipality. There are five parts in the municipality; Runby, Vilunda, Smedby, Vik-Fresta 
and Odenslunda-Bollstanäs which differs a lot with respect to settlement nature. The 
remaining two thirds of the municipal area are forest land and agricultural land. Even though 
the municipality owns a small part of the lands, the majority is privately owned and run.   

The number of inhabitants in the municipality in 2006 was approximately 37500 people. The 
population is relatively young, but recently the older population has increased significantly. 
Around two thirds of the population is living in apartment houses and the remaining is living 
in private houses. Most of the apartment houses are rented from Väsbyhem. Väsbyhem is the 
municipality’s real estate company which owns 7900 flats and more than 60000 m2 premises. 

The geographic situation of the municipality is attractive for companies, especially those who 
are internationally active because of its vicinity to Arlanda. Almost two thirds of the 
municipality inhabitants work outside the municipality, which hangs together with the 
increased specialization within the working life in the large Stockholm region. The biggest 
working area within the municipality is the company place Infracity.  

The landscape in the municipality varies from forests, lakes, rivers to cultivated landscapes. 
The Brunkebergsåsen goes through the municipality. The settlement is to the west, north and 
east surrounded by large areas of delicate nature and green: in the west Mälarlandskapet, in 
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the north the areas around Oxundasjön and Fysingen and in the east Frestadalen and 
Norrviken.  

The overall vision of Upplands Väsby in regards of environmental work is to develop the 
municipality to an ecologically sustainable society. In the environmental policy of the 
municipality, the goals in order to achieve these visions are stated as; 

 Plan and act according to ecocycle principles 
 Use natural resources according to good housekeeping principles 
 Protect biological diversity 
 Preserve valuable natural environments 
 Protect the environment from pollutants in order to maintain clean air, good land and 

clean waters. 

The attitude of the municipality is characterized as a willingness to establish an open dialogue 
and collaboration with the public, industry and other stakeholders. 

The municipality specified five prioritized environmental areas in 2001 which are; a green 
environment in the vicinity of populated areas, a good quality of surface and ground waters, 
an environmentally benign transport system, a sustainable energy use, and a safe handling of 
hazardous and dangerous waste. The municipal executive board has taken decisions about 
introducing environmental management according to ISO-14001 standard.   

The Upplands Väsby municipality showed their commitment and responsibility towards 
environmental issues in 2000 by cleaning the Väsbyån River. They saved the biodiversity by 
great efforts to clean up the river and the number of asps in the river has increased 
significantly (Upplands Väsby kommun, 2005). 
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5. ANALYSIS OF THE CURRENT ENERGY SITUATION 

5.1. ENERGY ORGANIZATION IN SWEDEN 
Sweden has rich, natural resources of forests, water power, iron ore, uranium and other 
minerals, but lacks oil and coal deposits. Thus, it has always been dependent on other 
countries in case of oil and coal imports. After the oil crisis in the 1970s, the Swedish 
government decided to make policies regarding renewable energy production in order to stop 
oil dependency. The Swedish energy sector has shown a major shift in the fuel use in the last 
three decades. By 2003, fossil fuel use decreased to 30%, while in 1970s it was almost 80% of 
the total energy supply in the country.  

 
Figure 3. Energy sources in Sweden (IEA, 2004) 

Today Sweden’s energy production highly depends on renewable sources. The Swedish 
government formed a commission named “Commission of Oil Dependency” and they 
declared the measures and targets to make Sweden completely independent of fossil fuels for 
transport and heating by 2020. In addition, nuclear energy has always been a controversial 
issue in Sweden and currently there is a policy of phasing out nuclear power by 2010. 
However despite all the efforts and researches on replacement of nuclear power with other 
sources, it has been forecasted that the nuclear power plants in Sweden (currently ten in 
operation) will stay in operation until 2050 (SEPA, 2007). 

5.1.1. Electricity 

The first electric networks of Sweden were built in 1880s, which were only a few kilometers 
supplying direct current at low voltages. The source was hydropower in case of vicinity to 
water, otherwise imported coal. After the development of alternating current technology in 
1890s, the Swedish electricity system evolved and started to build regional systems based on 
hydropower (Kaijser, 2001). 

In 2005, the total electricity production was 154,7 TWh, more than 90% of which was 
produced in hydropower plants and nuclear power plants. Since the electricity reform on the 
1st of November 1999, all the consumers are free to choose their own electricity supplier and 
thus the market is open to competition between suppliers. Even though there are 76 electricity 
companies in Sweden, 89% share of electricity production is divided between five biggest 
companies. While the biggest electricity production company continues to be state owned 
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Vattenfall, there are private companies as well as foreign companies with a market share of 
43%.  

Existing electricity distribution networks vary considerably in size. The local networks are 
normally divided into low voltage (400/230V) and high voltage networks (typically 10-20 
kV). Today, the Swedish electricity grid contains 528000 km of power lines in total, including 
268000 km of underground cable (Svensk Energy, 2006). 

5.1.2. Heating 
Heating is a very important and energy consuming area in Sweden considering the cold 
climate. The main source of heat is district heating, which has a share of 47% by 2006. 
Besides district heating, heat pumps, electricity, gas-fired or oil-fired furnaces are other types 
of space heating used in Sweden.  

The use of district heating started during 1940s and by 2002 the country had 13000 km of 
distribution mains (Hagström, 2006). Today, the district heating system has a settled, solid 
and wide infrastructure with hundreds of local systems that has been settled during the past 
six decades. Those systems are capable of using a wide range of energy sources and 
technologies. The use of fossil fuels is limited as a result of lack of reserves in the country and 
Sweden’s renewable energy policy trying to phase out fossil fuels. Thus the main sources of 
district heating plants are the ones that are available locally such as industrial waste-heat, 
municipal solid-waste and, wood waste from forestry. Fossil fuels can also be used in times of 
peak demand (Knutsson, Werner & Ahlgren, 2006). 

 
Figure 4. Fuel use for district heating in Sweden (Svensk Fjärrvärme, 2003) 

Today there are approximately 200 district heating companies in Sweden. In 2003, the total 
supply of district heating was 47,5 TWh, of which 24,7 TWh was supplied to apartment 
blocks, 3,7 to detached houses, 4,6 TWh to industries, 7,0 TWh to public buildings and 7,4 
TWh to other buildings. The distribution of fuel use can be seen from the figure above. 
(Svensk Fjärrvärme, 2003) 
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5.1.3. Transportation 
Transportation is one of the main sectors that have a high share in the energy use distribution 
of the country. Shipping in Sweden started back in the Viking age and has been important for 
the transportation of goods especially in international trade. The railway transport started 
rather late – the first railway started to operate in 1856 – and the railways were constructed by 
private companies in order to transport goods like agricultural products, iron ore, charcoal, 
iron and steel. The development of road transport as well as domestic and international 
aviation started in the beginning of 1900s (Hagström, 2006). 

According to the statistics, in 2002, there were four million cars in Sweden. The total work 
needed for the domestic transport of people was 128 billion passenger kilometers, where 91% 
was done by road transport, 7% by rail and the remaining 2% by aviation. The numbers for 
the transportation of goods are 91 billion passenger kilometers and 41% by road, 22% by rail 
and 37% by shipping in 2003 (Hagström, 2006). 

So the final energy use for transportation (excluding foreign shipping) in 2002 was 90,5 TWh, 
which is 23 percent of the total energy use in Sweden. The sources of the energy and their 
share in the final energy use for transportation can be given as; ethanol 0,6%, electricity 3,2%, 
natural gas and light petroleum gas (LPG) 0,1%, and different kinds of oil products (petrol, 
diesel, fuel oils, aviation oils and etc.) 87% (Hagström, 2006).   

As a result, the Swedish transportation system is highly dependent on fossil fuels and since it 
constitutes almost a quarter of the total energy use in the whole country, the transportation 
issue requires more attention and research for the efforts of phasing out the fossil fuel use. 

5.2. UPPLANDS VÄSBY ENERGY FLOWS MODELING 

5.2.1. Electricity 
In Upplands Väsby, electricity is used for heating as well as other purposes like lighting, 
cooking, running house appliances or industrial activities.  Even though there is an advanced 
district heating system supplied by Fortum, still a big part of the municipality has electricity 
as the main heating source.   

Out of the different electricity suppliers in Sweden; Vattenfall, Lunds Energy AB and Fortum 
are the dominating electricity companies that supply most of the electricity to Upplands 
Väsby municipality. 

Apart from the electricity producers, E.ON Sweden acts as the local grid of electricity in 
Upplands Väsby, which means it is responsible for the distribution of electricity bought from 
different companies.  

The municipality buys all the electricity used in municipal buildings, public schools, library 
etc. from Lunds Energy; which accounts for 25 GWh per year. Lunds Energy is a company 
that supplies electricity through buying and selling instead of producing. In Lunds Energy, the 
electricity is handled through the Nordic power market, NordPool. Even though it is not 
possible to refer to any specific power plant, in 2005, 62% of the electricity was produced 
from renewable sources, 23% from nuclear and 15% from fossil fuels. The final CO2 
emissions are given as 67,1 g/kWh (Lunds Energi AB, 2006). 

The real estate company of the municipality, Väsbyhem buys almost all the electricity from 
Fortum. Fortum supplies electricity through some partly owned power plants (minority shares 
in Swedish and Finnish nuclear and hydro power companies) and through purchased power 
(mostly from Nord Pool and Russian power companies). As a result, the final specific 
emissions of CO2 from power production in 2005 were 38 g/kWh (Fortum, 2006).   
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Because of the open electricity market in Sweden, it is difficult to identify the exact amounts 
of electricity bought from each company. However as Vattenfall is the biggest electricity 
company in Sweden and has the highest market share, it is assumed that the remaining 
amount of electricity (approximately 375 GWh/year) is bought from Vattenfall. Vattenfall 
generates approximately 86,7 TWh of electricity per year in Sweden, and the average 
generation mix by 2006 is 61,7% nuclear power, 37,5% hydropower and 0,8% other sources 
such as wind power, oil-fired CHP,  coal-fired CHP, waste steam, oil-condenser, gas turbine, 
bio-fuelled CHP, peat-fuelled CHP. The average CO2 emission of Vattenfall is around 5,8 
g/kWh electricity including operation, fuel, construction and decommissioning, reinvestment 
and fuel waste products (Vattenfall, 2005). 

As a result, it is possible to say the electricity bought by Upplands Väsby municipality is 
produced mostly from non-fossil sources. The total CO2 emissions from electricity will be 
calculated by using the emission factors for Lunds Energy, Fortum and Vattenfall; which will 
give a lower value of emissions because of nuclear and hydropower use.   

5.2.2. Heating 
The two main heating systems used in Upplands Väsby are district heating and electricity. 
Although there is no sufficient information about the other types of space heating in the 
municipality, from the statistics of annual energy use in households, it can be seen that 
heating oil is being used which means oil-fired furnaces are also in use. In addition, most of 
the people using electricity as the heat source switch to heat pumps because of economical 
and environmental benefits. The number of new heat pumps installed in 1996 was five, while 
it rose to 15 in 2000 and 49 in 2004 (Bothén, 2004). 

Upplands Väsby supplies its entire district heating for private and public places from the 
energy company Fortum AB. In 2005, Fortum sold district heating to 213 costumers in the 
municipality including manufacturing industry, private houses, residential buildings, and 
public sector, which in total account for 200352 MWh of heat (Frykholm, 2006). 

6%

1%

62%

21%

10%

Manufacturing industry, 6%
Private houses, 1%
Residential building, 63%
Public sector, 21%
Other, 10%

 
Figure 5. District heating supplied by Fortum to Upplands Väsby (Frykholm, 2006). 

Upplands Väsby municipality is a part of Fortum’s “Brista-network”, which was established 
in 1997. The Brista plant in Sigtuna is the biggest plant of the network, which was built to 
burn woodchips and supply heat to two municipalities – Upplands Väsby and Sigtuna.  

Since 2004, the “Brista-network” is connected to the “Western-network” with the Hässelby 
Plant as the biggest plant which was opened in 1993. This resulted in an increase in the power 
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supply from bio-fuels by 10%. Today the connected plants produce nearly 500 GWh of 
environmentally-friendly electricity (LFV, 2005). 

The district heating to the “Brista-network”, thus Upplands Väsby, is usually supplied by 
plants in Brista and Vilunda. But in cold days Valsta and a few smaller plants within the 
"Brista-network" produces additional heat. The locations and types of these plants can be 
given as: 

 Brista Plant: Märsta, Combined heat and power (CHP) 

 Vilunda Plant: Upplands Väsby, Heat pump, boiler 

 Valsta Plant: Märsta, boiler 

The main fuel supply to the plants, total heat production and total CO2 emissions of the 
"Brista-network" depending on data from 2005 can be seen in Table 1 (Frykholm, 2006). 

Table 1. Fortum’s heat production and CO2 emissions 
Fuel Supply (MWh) 

Plant 
Woodchips Wood 

pellets 
Bio 
oil Electricity Heating 

oil, Eo1 
Heating 
oil, Eo5 Total 

Heat  

Production

(MWh) 

CO2 

Emissions

(tonnes) 

Brista 512917    3308  516225 641685 878 
Vilunda  51750 8553 31187  21181 112671 150732 1611 
Valsta    1753 6082  7835 7291 5699 
Others    1098 2540 2484 6122 5640 1349 
Total 512917 51750 8553 34038 11930 23665 642853 805348 9537 

Brista and Vilunda plants that supply the majority of the heat to the municipality are run on 
biofuels, thus they have very low CO2 emissions. But Valsta and other plants run on fossil 
fuels and have relatively higher emissions. Considering the cold climate of Sweden, a detailed 
analysis should be done to find out how many days a year additional heat is supplied. So a 
more realistic result can be obtained for emission values and the effect of Valsta and other 
plants can be seen more clearly.   

5.2.3. Transportation 
There are 3 main companies selling engine oil and diesel to the municipality; Statoil, Shell 
and OK/Q8. The only available data for emission calculations was the total amount of oil 
delivered to the municipality; neither the shares of these companies nor their specific 
emissions from oil production was available. Thus the emission calculations were only based 
on burning of oil and the emissions from the production were neglected in this study.  

There are a few public bus lines that run within the municipality. Since most of the buses that 
belong to Stockholm city are run on ethanol, they do not cause CO2 emissions. A bicycle lane 
with a total length of 76 km also exists in the municipality (Bothén, 2004). 

5.3. FOSSIL FUEL USE AND CO2 EMISSIONS  
According to Statistics Sweden, by the year 2004, the final energy use of Upplands Väsby 
Municipality was 1056409 MWh. The distribution of this amount according to different 
sectors in the municipality can be seen in Figure 6 (Statistics Sweden, 2006).  
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Figure 6. Final energy use in Upplands Väsby 

From the figure above, housing and transportation seem to be the most energy intensive 
sectors and one can say that they would have the largest contribution to CO2 emissions in the 
municipality. But it is very important to make the distinction in this amount between fossil 
and non fossil energies. So a more detailed analysis of the type of fuels used and CO2 
emissions caused by each type of fuel is done for each sector below. 

The calculation of CO2 emissions is done using the conversion factors from The Swedish 
Environmental Protection Agency. The conversion factors are given in Table 2 (SEPA, 2007). 

Table 2. The conversion factors for CO2 emissions in 2004.  
Fuel Type Heating oil 1 Heating oil 2-5 LPG Fuel wood Diesel Oil 
kg CO2/GJ 74,26 76,2 65,1 96 72,03 72,6 

For emissions from electricity, the emission values are used according to the supplier 
company in cases they are known: 67,1 g/kWh from Lunds Energy for 25 GWh of electricity 
bought for the municipal buildings and 38 g/kWh from Fortum for 20 GWh of electricity for 
Väsbyhem. For the remaining 375 GWh, it is assumed to be 10 g/kWh considering the lower 
emission values of companies like Vattenfall (5,8 g/kWh) and E.ON (7,2 g/kWh). 

For district heating, the emission values taken directly from Fortum are used.  

5.3.1. Housing 
The analysis of total energy use in houses is done by considering both private houses and 
apartment houses.  

It can be seen from Table 3 that private houses are heated by furnaces, boilers or direct 
electricity rather than district heating. For the furnaces the main fuel seems to be heating oil 
and diesel where fuel wood is also used.  

Table 3. Total energy use and CO2 emissions for Private Houses 
 diesel heating oil 1 fuel wood district heating electricity TOTAL 

Final use of energy 
(MWh) 

4882 3806 513 1235 122829 133265 

CO2 emissions 
(tonnes of CO2/year) 

1265,94 1017,48 177,29 14,14 1228,29 3703,14
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For the apartment houses, the majority uses district heating, even though still there are a 
number of houses burning heating oil or diesel for space heating.   

Table 4. Total energy use and CO2 emissions for Apartment Houses 
 diesel heating oil 1 district heating electricity TOTAL 

Final use of energy 
(MWh) 

2082 2262 131184 30179 165707 

CO2 emissions 
(tonnes of CO2/year) 

539,88 604,71 1485 301,79 2931,76 

As a result of the calculations, it is seen that most of the energy use is for electricity and 
district heating. As explained before, the district heating is supplied from Fortum Energy 
which produces the majority of heat from biomass which has very low CO2 emissions 
compared to coal or natural gas. Likewise electricity comes from Vattenfall, Fortum or Lunds 
which also have low CO2 emissions because they produce electricity mainly from nuclear 
power or hydroelectric power. Therefore, even though housing is the second energy intensive 
branch in the municipality, its contribution to CO2 emissions is very low as a result of 
renewable energy use. 

5.3.2. Transportation 
The energy and CO2 emission analysis includes the road and railway (pendeltåg) transport 
and excludes sea and air transport. The data regarding transportation is taken from Statistics 
Sweden and calculated with delivered oil product to the municipality.  

Table 5. Total energy use and CO2 emissions for transportation 
 Oil diesel electricity TOTAL 

Final use of energy 
(MWh) 

273548 126634 744 400925 

CO2 emissions 
(tonnes of CO2/year) 

71494,51 33940,44 7,44 105442,39

Unlike housing, the transport sector uses oil or diesel where both of the fuels are fossil fuels. 
That’s why the CO2 emissions from transportation are significantly high. 

It should be noted that the air transport which was excluded here has important environmental 
impacts on the municipality and must be considered in further detailed studies since it is very 
close to Arlanda Airport. The highest emissions from aviation are released during take-off and 
landing; thus the closest municipalities to airports are the most affected locations.  According 
to the Statistics from 2004, the total number of passengers in Arlanda was 16253872 which 
correspond to 122680 landings in 2004 (LFV, 2004). 

Another important aspect that needs further consideration is the railway traffic. Apart from 
the commuter train, the high speed train that connects Stockholm City to Arlanda Airport – 
Arlanda Express passes through the municipality. Even though it runs on environmentally 
friendly electricity supplied by E.ON, it has other negative impacts. The train reaches a speed 
of 200 km/hour which contributes to sound pollution as well as the vibration effect that 
disturbs all the living organisms nearby. 

5.3.3. Agriculture, Forestry and Fishery    
Agriculture, forestry and fishery operations within the municipality also consume energy and 
causes emissions. The main sources of CO2 emissions from these sectors are the work 
machines and vehicles for transportation that run on fossil fuels. 
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Table 6. Total energy use and CO2 emissions for Agriculture, Forestry and Fishery    
 diesel  heating oil 1 heating oil>1 electricity TOTAL 

Final use of energy 
(MWh) 

1853 498 21 76 2449 

CO2 emissions 
(tonnes of CO2/year) 

480,5 133,13 5,76 0,76 620,15 
 

5.3.4. Construction  
This sector includes the main construction activities within the municipality.  The heavy 
vehicles such as trucks or bulldozers cause CO2 emissions because of the fuel, while the 
construction tools such as drillers consume electricity along with the need of lighting. In 
addition, temporary accommodation can be built for workers which will need heating and 
lighting as well.  

Table 7. Total energy use and CO2 emissions for construction  
 diesel heating 

oil 1 
heating 

oil>1 LPG district 
heating electricity TOTAL 

Final use of energy 
(MWh) 

807 2481 21166 67 11798 83789 120108 

CO2 emissions 
(tonnes of CO2/year) 

209,26 663,26 5806,26 15,68 135,63 837,89 7667,98 
 

5.3.5. Public Activity 
Public activity here includes all the municipal buildings, public schools, library and etc. 
Besides, all the buildings owned by the real estate company of the municipality Väsbyhem is 
also included in the data taken from Statistics Sweden. For the calculation of CO2 emissions 
from electricity production, the distinction is made between the municipality and Väsbyhem 
to reach a more realistic data. The annual electricity use of the municipality is 25 GWh 
bought from Lunds Energy AB, where Väsbyhem uses 20 GWh of electricity bought from 
Fortum. 

Table 8. Total energy use and CO2 emissions for public activity 
 diesel  heating oil 1 district heating electricity TOTAL 

Final use of energy 
(MWh) 

80 1435 37564 48011 87089 

CO2 emissions 
(tonnes of CO2/year) 

20,74 383,63 503,34 2467,61 3375,32 
 

5.3.6. Other Activities 
This part includes all other activities that take part in the municipality except the industrial 
activities done by factories or other enterprises. 

Table 9. Total energy use and CO2 emissions for other activities 
 diesel heating 

oil 1 heating oil>1 district 
heating electricity TOTAL 

Final use of energy 
(MWh) 

249 887 3080 24260 117388 145863 

CO2 emissions 
(tonnes of CO2/year) 

64,57 237,13 844,91 234,11 1173,88 2554,6 
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The types of different fuels used and emissions they cause are given for each sector above. As 
a result, it can be seen that especially in district heating and electricity, the CO2 emissions are 
lower compared to the amount of energy consumed, mainly because of non-fossil fuel use in 
their production. For example, housing consumes 28% of all the energy used in the 
municipality, but the reflection of that to CO2 emissions is extremely different. Due to 
renewable energy use the total emissions from housing account for only 5,25% of total CO2 
emissions in Upplands Väsby.  On the other hand, transportation which consumes 38% of 
total energy in the municipality causes 85% of the total CO2 emissions because of oil and 
diesel use as the fuel. 

Therefore, identifying the CO2 emissions depending on fuel use gives a better overall view of 
the CO2 emission problem in the municipality than analyzing separately the different sectors. 
Figure 7 shows the contribution of different fuels along with district heating and electricity to 
the total CO2 emissions.   

56%29%

8%

2%

5%

Oil, 57%
Diesel, 29%
Heating oil, 8%
District heating, 2%
Electricity, 5%

 
Figure 7. The sources of CO2 emissions in Upplands Väsby  

The figure shows that 85% of the CO2 emissions are caused by oil and diesel which are 
mainly used in transportation. This clearly shows that for the energy saving measures, the 
priority should be set as transportation. Because even though measures are taken to decrease 
the use of electricity or heating, the reduction in the CO2 emissions will be very slight since 
they constitute only a small portion of the total emissions. On the other hand, even a very low 
reduction of fuel use in the transportation sector will cause an important decrease in the 
percentage of the total emissions.    

In short, it can be said that from the figure that district heating and electricity from renewable 
fuels has negligible amounts of CO2 emissions compared to oil, heating oil and diesel use. 

In order to have an overview, Table 10 shows the final energy use in different sectors, the 
fuels used and their amounts in each sector and the CO2 emissions caused; along with the 
final values for energy use, fuel use and total emissions.  
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Table 10. The final values for energy use, fuel use and total CO2 emissions.  

 

 

 Final Use of Energy (MWh) 

 Oil diesel H.O. 1 H.O. >1 LPG wood district 
heating electricity TOTAL 

CO2 Emissions 
(tonnes CO2/year) 

Agriculture, Forestry and 
Fishery .. 1853 498 21 .. .. .. 76 2448 620,15 

Manufacturing Industry .. 807 2481 21166 67 .. 11798 83789 120108 7667,98 

Public Activity .. 80 1435 .. .. .. 37564 48011 87090 3375,32 

Transportation 273548 126634 .. .. .. .. .. 744 400926 105442,39 

Private houses .. 4882 3806 .. .. 513 1235 122829 133265 3703,14 

Housing 
Apartment 
houses .. 2082 2262 .. .. .. 131184 30179 165707 2931,76 

Other Activities .. 249 887 3080 .. .. 24260 117388 145864 2554,6 

TOTAL 273548 136587 11368 24267 67 513 206042 403016 1055408 126295,34 
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6. ANALYSIS OF ENERGY SAVING POSSIBILITIES 
In order to reduce the CO2 emissions as a result of fossil fuel burning in energy production, 
different methods can be used. Even though switching to renewable energy may seem to be 
the best solution to that, it is much more difficult in terms of technology and infrastructural 
change. In addition, although the sources are renewable, still the excessive consumption of 
resources may cause problems. Thus the first option to be considered to reduce CO2 emissions 
and fossil fuel burning must be reducing energy consumption by increasing energy efficiency 
and saving energy. 

Energy efficiency can be described as a way of obtaining reduction in the amount of energy 
especially used for transportation, indoor climate control, lighting, cooking and production 
sector. At the community level, it is proven that energy efficiency measures come out with 
significant reductions in energy use as well as improving the community especially by 
providing new job opportunities, reducing operating costs, enhancing better environmental 
and economical management (CALeep, 2006).   

Although it seems a very technical subject, the potential of energy efficiency depends on 
other factors than only technology. One of the main reasons that energy efficiency today is 
not implemented fully is market barriers which can be addressed as low energy prices, high 
cost of technologies, lack of knowledge, low priority to energy measures and investments etc 
(Neij & Öfverholm, 2001).    

In short, technological development solely is not enough for the implementation of energy 
efficiency measures.  Technology must be supported by decision makers through policy and 
regulations, along with public awareness and conscious energy consumers.  

6.1. ENERGY EFFICIENCY 
In Sweden, the single-family houses in rural and suburban areas started to be built with 
electric heating after the oil crisis in 1970s. After 1980s the majority of the buildings in urban 
areas have replaced individual space heating systems or with district heating. Today, energy 
consumption for heating, hot water and equipment operation in the building sector accounts 
for 39% of Sweden’s total final energy consumption and for about 50% of total electricity 
consumption in Sweden (STEM, 2006). 

For space heating options in houses, technologies such as ground-source heat pumps and 
district heating are more energy efficient and environmentally benign than most conventional 
heating systems.  

Heat pumps transfer heat from one place to another – they can take heat from earth and move 
it inside the house in winter or extract heat from room air and pump it outdoors in summer. 
The only energy used is a small amount of electricity or natural gas used to power the 
mechanical heat pump action. Ground-source heat pumps deliver three to five times more heat 
(or air conditioning) per unit of energy consumed than conventional space heating systems. 
The installation cost is the biggest expenditure for heat pumps, but with community-scale 
projects, cooperation of large buildings or housing complexes it is easier to offset the 
investment and operating savings (Roseland, 2005). 

Apart from the space heating methods, there are very easy and practical things that can be 
done in our daily life to reduce the consumption of energy. Even with those small changes, a 
high amount of energy can be saved. Some examples are shutting down all electrical devices 
instead of leaving them in stand-by mode, using caps of the pots when cooking, clean the 
back of fridge and freezers regularly to decrease dust or rust formation to increase energy 
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consumption, switching off the lights when leaving a room, or using light bulbs that save 
energy. Other measures that can be taken by households for reduction in energy include, 

 set the indoor temperature in houses to a lower temperature, 

 buy energy efficient appliances and use them in an efficient way; like using the 
dishwasher or washing machine when it is full, set the refrigerator temperature to the 
right level, or do not pre-heat the oven more than necessary, 

 use better windows with insulation in order to keep the heat inside as well as prevent 
the noise from outside, 

 purchase energy from companies that produce from renewable sources,  

 when making an adjustment or change in the house, consult experts and specialists to 
make sure the best and most efficient thing is being done. For example there are 
different kinds of heat pumps for different kinds of houses and it is important to 
choose the right one to have the highest efficiency. 

 make the maintenance of the equipment using electricity and heaters more often in 
order to prevent losses.  

In most of the cases transportation is the most energy consuming and environmentally 
damaging sector in communities. With suitable measures, the number of cars in traffic or the 
amount of fuel, the use must be decreased. Some possible measures the municipality can take 
are; 

 advancing public transport network by increasing the number and the frequency of the 
buses and making sure the route covers the whole municipality,  

 efficient use of public vehicles and work machines, and prefer the ones that are run on 
biofuels and whose fuel consumption is as low as possible, 

 improving the cycling infrastructure and biking within short distances in summer and 
spring instead of using cars, 

 creating and joining car pools, 

 buying environmentally friendly cars that run on biofuels, such as ethanol; or at least 
cars that have a lower fuel consumption,  

 applying eco-driving practices. 

6.2. POLICY OPTIONS 
Local governments play a strong role to promote sustainable and efficient energy 
consumption by organizing education and information campaigns, and by introducing policy 
or codes for equipment standards, and projects containing energy-efficient building design, or 
transportation (Roseland, 2005).  

In Sweden, the local authorities have been given a strong role in managing their own affairs, 
including collecting taxes and taking care of many daily aspects of life, including issues 
related to energy, environment and transport. Since 1977, the local authorities are legally 
obliged to promote the efficient use of energy in their planning (STEM, 2006). 

Municipalities are responsible for initiating, planning, organizing, implementing and 
assessing the most suitable energy saving options discussed above. Because as well as 
technical information and capability on how to improve energy efficiency, the success also 
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depends on how to apply this options with good management practices and existing local 
governmental processes (CALeep, 2006). 

In terms of energy saving, there are four main areas of which the local governments can 
actually take actions (Taipale, 2006). 

I. New constructions:  
 Plan environmentally friendly buildings to allow efficient energy use and non-fossil 

energy employment.  
 Reduce the consumption of energy during the construction phase.  
 Use local materials and local labor during construction.  

II. Refurbishment:  
 Raise awareness about the need to refurbish existing buildings for energy efficiency.  
 Cooperate with industry to expedite the retrofitting of buildings for public.  

III. Access to financing:  
 Raise awareness about the economic benefits of reduced energy consumption.  
 Create employment opportunities within the retrofitting process of existing buildings. 
 Use investment incentives for local energy production from renewable energy sources. 

IV. Changing consumption patterns:   
 Initiate public awareness campaigns to inform public about the influence of human 

behavior in energy consumption and conservation.  
 Inform the public about the global and local effects of CO2 emissions and excessive 

resource use; include the advantages of improving air quality for locals and using 
renewable sources in long term.     

One or more policy instruments given in Table 11 can be employed in order to achieve the 
energy saving targets (Roseland, 2005).   

Table 11. Policy instruments 
Categories 

Regulations 
 
 
 

Voluntary Instruments  

 
 
Expenditure 

 

 

Financial Incentives 

Instruments 

1. Laws  
2. Licenses, permits, and standards  
3. Tradable permits  
4. Quid pro quos 

1. Information  
2. Volunteers, volunteer associations, and NGOs  
3. Technical assistance 

1. Expenditure and contracting  
2. Monitoring  
3. Investment and procurement  
4. Enterprise  
5. Public/ private partnerships 

1. Pricing  
2. Taxes and charges 
3. Subsidies and tax incentives  
4. Grants and loans  
5. Rebates, rewards, and surety bonds  
6. Vouchers  
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6.3. POSSIBLE ENERGY SAVING OPTIONS FOR UPPLANDS VÄSBY 
MUNICIPALITY 

The possible efforts that can be done by Upplands Väsby municipality can be identified in 
two different perspectives; the tactical perspective that will cover the first 3 to 5 years and the 
strategical perspective for a longer period of 25 years. 

For the first years of energy efficiency program, the main objective should be reaching to 
some amounts of energy savings by the easiest changes possible and advertising that to public 
to gain their support and cooperation in long term. Moreover, all the possible advertising, 
education, assistance or incentives should be given the people to encourage them to change 
their energy consumption habits.  

In summary, the main targets in short term can be explained as follows.  

 Plans must be done to improve public awareness about the things they can do to 
improve energy efficiency and why they should do these. Starting with billboards, 
advertisements on the local magazines, brochures could be useful and in long term that 
can go up to monthly informatory meetings. 

 Start retrofitting buildings from the easiest changes – like insulating and doing the 
maintenance or energy-smart scheduling of facility use. It is better to start with 
municipal buildings and then public buildings; so better control over the process can 
be gained and public people can be promoted to do the same changes by exhibiting the 
environmental and economical benefits of the previous work.      

 Renew or modify the work machines or vehicles that belong to the municipality in 
order to assure they run on non-fossil fuels or their fuel consumption is as low as 
possible.  

 Easy policy changes can be done such as certification, equipment purchasing 
decisions, building use schedules, and etc. 

 Improve the space heating methods by switching to heat pumps or district heating 
from direct electricity or furnaces that burn heating oil.   

 Gather information. Prepare and hand out questionnaires to local people to learn where 
they buy their energy and their consumption habits, thoughts, and other info like how 
many cars do they have, how often they use etc. 

For a broader perspective that will be applied in long term, the future fuel and electricity 
prices, market barriers, possible trends in energy use should be studied and forecasted 
carefully. The main objectives should be reducing the CO2 emissions as much as possible and 
establishing a sustainable energy system depending on renewable sources. 

 Make a good plan by developing a schedule, assessing roles and responsibilities 
within the group for the success of the efforts in the long term. Previously applied 
programs can be studied, a budget can be formed.  

 Communication with internal and external stakeholders must start and their 
involvement in the projects must be ensured. For example, the real estate company of 
Upplands Väsby, Väsbyhem could be a very important partner for the possible 
efficiency improvements in houses. For the apartments and private houses they own, 
cooperation is possible for retrofitting works of existing buildings and in projects to 
build energy-efficient houses for the future.   

 Infrastructure improvement projects are important in order to develop the current 
situation and prepare a base for the future changes. Adjustments in the energy network 
and supply system can decrease the energy losses during distribution and save 
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significant amounts of energy. In addition cooperation with the Stockholm city 
government can improve the public transportation system. They can request more 
lines and busses to make it better.  

 The practical changes that started to be done in municipal facilities in the short term 
must start to be applied in residential areas by the contribution of all citizens of the 
municipality. That depends on the success of the informatory programs made in the 
first years of the program.  

 Apart from the people in the municipality to implement the measures and 
stakeholders; actors like key decision-makers, community leaders or media that can 
influence public must also be considered for cooperation in order to provide more 
contribution. 

 Different funding options and sources must be investigated and if possible the 
municipality can apply to special programs organized by specific organizations such 
as European Commission.   

 

In order to apply all the energy saving options, the Upplands Väsby municipality must have 
specialized group that is responsible of all the actions to direct and employ programs.   
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7. BIOMASS IN UPPLANDS VÄSBY 
Since 1980s, the use of bio energy in Sweden has increased significantly. Today, biomass 
contributes about one fifth of the Swedish energy supply (~110 TWh). The majority of 
biomass (almost 50%) is used for heating – mostly in district heating plants and also for 
individual heating in the residential sector. The remaining biomass is used for energy within 
the forest industry and electricity production (Berndes & Magnusson, 2006). 

The types of biofuels used within the Swedish energy systems are digester liquors from pulp 
mills, wood fuels, sawdust, bark, energy crops, wastes, peat, straw and energy grasses 
(Hillring, Ling & Blad, 2001). The major part of the biomass is supplied from the forest 
sector – mainly byproducts and residues. Agriculture also contributes to this supply but much 
lesser compared to forestry – currently only about 1 TWh is provided from the energy crops; 
mainly straw, energy cereals, and willow (Berndes & Magnusson, 2006).  

In order to make a realistic estimation of the biomass production potential in Upplands Väsby 
municipality, possible choices of different bio fuel sources, the yields, the soil types, forest 
and farmland management practices should be studied very carefully. 

7.1. CURRENT SITUATION OF FOREST AND FARMLANDS  
Upplands Väsby municipality has a total land area of approximately 85 km2. Of the total area 
50% is forest land, 20% is agricultural land and the rest constitutes public lands, residential 
areas, parks and natural reserves. The ownership of these lands are divided between the 
municipality, church, Väsbyhem, county council and around 10-15 private land owners. By 
2003/2004, the municipality had 18% of the total land out of which 1,5 km2 is arable land. 
These 1500 hectares are divided as 540 hectares of forests and 960 hectares of farmlands 
(Upplands Väsby kommun, 2005).  

Today, the quality and intensity of forest management depends on the owner; but generally 
not many forest owners use their forest for energy purposes. Most of the time, only branches 
and the top of the trees are used as biomass during clear cutting; which accounts for a minor 
part of the total biomass potential (Holgersson, 2006). In the future, the private forest owners 
may become willing to use their lands for bio energy production; but presently the privately 
owned forest and farmlands will not be considered in the calculations.  
Thus, in this part of the study, the estimation of the biomass potential will be done only 
considering the municipally owned lands. Out of the land that the municipality owns, more 
than one third is forest land and the remaining is farmland. As a result of the discussions with 
the municipality it is decided to exclude the forest land from the biomass calculations. The 
main reason for that is to reserve the forests for recreational and natural conservation 
purposes. As a result, all the farmlands will be used as a pilot biomass production land in 
order to have a calculation example of the potential for biomass energy for Upplands Väsby 
municipality.   

7.2. ESTIMATION OF BIOMASS POTENTIAL IN UPPLANDS VÄSBY 

The soil in Upplands Väsby farmlands ranges from sand to even some heavy stiff clay. The 
major part could be characterized as medium heavy clay which has a pH around 6,5. 
Currently the farmland owned by the municipality is being used for different kinds of crops; 
around 25% oil vegetables, 10% grass and remaining wheat, barley and oats (Eriksson & 
Curman, 2007). 

The total amount of biomass energy that can be obtained in Upplands Väsby is not easy to 
reach with certain numbers. There are many different factors that affect the amount of bio 



 24

energy production such as type, amount, and quality of the soil; the climate and weather 
conditions; type of energy crops grown; biomass harvesting and conversion technologies.  

In the preliminary estimation in this study, the possible yields of biomass per hectare and year 
will be used to reach the total amount of bio energy that can be produced. Growing different 
kinds of energy crops will result with different yields of dry biomass per hectare and year. 
According to the researches carried out in Sweden, the most appropriate crops for the 
Svealand region of Sweden which includes Upplands Väsby are willow, straw and reed 
canary grass.     

In all the calculations below, it is assumed that 1 tone of TS per hectare and year equals to 
20000 MJ of energy and 1 KWh of energy equals to 3,6 MJ (Hultén, Frostell & Robért, 
2006).  

7.2.1. Willow (Salix) 
Willow is a commonly used energy crop from agriculture which has been cultivated and used 
in heating plants in Sweden since 1990s (Berndes & Magnusson, 2006). Today the total 
willow cultivation in Sweden is around 15000 hectares (0,5% of Swedish arable land) in the 
southern parts of Sweden, mostly around Lake Mälaren. The number of heating plants using 
willow chips mixed with other fuels is more than 30 (SVEBIO, 2004). 

Willow can be harvested six to seven times before replanting is required. Although it can give 
good yields for up to 30 years, it takes about 4-5 years before the increased cultivation can be 
obtained. In addition, great variations in yield can be obtained depending on good care, weed 
control, plant material and water supply (SVEBIO, 2004).  

Willow can also be preferred over other options because (SUNY, 2006);  

√ willow cultivation uses significantly fewer pesticides than traditional agriculture 
√ they increase habitat diversity 
√ willow crops are carbon dioxide neutral 
√ combustion of willow biomass releases fewer acid-rain producing compounds into 
the atmosphere  
√ they reduce soil erosion and non-point source pollution 
√ willow can be converted to  

o heat and electricity by direct combustion, co-firing with coal, and 
gasification  

o biodegradable plastics and other polymers  
o biofuels  

For the Svealand region, willow crops’ yield per hectare and year is calculated as 7 tonnes dry 
substance per hectare and year (Börjesson, 2006). So the total energy that can be produced 
from willow in a year in Upplands Väsby is;  

37 333 MWh/year 
 

7.2.2. Reed Canary Grass 
Reed canary grass is the most suitable crop for Sweden for the bio energy production after 
willow. But today it is grown only on a few hundred hectares for energy purposes as a result 
of undeveloped market and high production prices.  
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Reed canary grass grows almost in all parts of Sweden on most of the soils. It can be 
harvested once a year and normally it is possible to obtain a good yield for at least ten years. 
The main advantage of reed canary grass is that it gives farmers the flexibility to change the 
production to grow conventional agricultural crops (SVEBIO, 2004). 

With good agricultural practices and under good climate conditions, the yield of the grass can 
go up to 7 tonnes dry substance per hectare and year. If we take 6,5 tonnes of TS as an 
average value for the calculations, the final amount of energy that can be obtained is found as; 

34 666 MWh/year 

 
7.2.3. Ley Crop 

Ley crops used for energy purposes are usually leguminous plants and grass. They can be 
digested with manure or waste in order to produce a biogas consisting of mainly methane 
which can later be used to produce heat, electricity or transport fuel. Lucerne is one of the 
crops that are suitable for digestion in Sweden. 

One of the advantages of ley crops is that the digestion residues can be used as a fertilizer or 
soil improving component in the farmlands. The biogas produced from ley crops are 
especially suitable for the production of engine fuel to be used in local vehicles such as public 
buses, waste collection lorries or work machines. On the other hand, the transportation and 
storage of biogas is relatively difficult and expensive. Economically, there is no profitability 
of energy production from ley crops in Sweden because biogas can also be produced from 
waste in landfills or butcheries which is free. However, the researches continue to co-digest 
ley crops with clean waste for better profitability (SVEBIO, 2004). 

The average yield of ley crops in Svealand region is estimated as 6 tones dry substance per 
hectare and year (Börjesson, 2006). So the energy value can be given as; 

32 000 MWh/year 
 

7.2.4. Straw 
Straw is a secondary product from the production of other plants such as grain or oil crops. It 
is very economic and easy because it does not require any labor or investment except bailing 
and transportation to the plant. But on the other hand it requires better weather conditions and 
longer growing season than available in most parts of Sweden. Even though there are a few 
small district heating plants in southern and south-western Sweden, straw is not commonly 
used (SVEBIO, 2004).   

The best possible yields for straw can be obtained by growing it together with wheat or 
rapeseed. The yield for wheat and straw in Svealand region is 5,8 tonnes dry substance per 
hectare and year (Börjesson, 2006). So the energy value can be given as;  

30 933 MWh/year 

Even though it is not as feasible as wheat, rapeseed can be grown with straw to produce 
energy. The average yield is calculated as 3,3 tonnes of dry substance per hectare and year 
(Börjesson, 2006); thus the energy value is;  

17 600 MWh/year 

The species of crops and grass given above are the general types of crops with the highest 
values for the region including Upplands Väsby municipality. But depending on the specific 
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soil type and climate conditions of the farmland, the yields can differ. In addition, in regards 
of economics and profitability, the type of energy that is desired to be produced – heat, 
electricity or transport fuel – must be decided in advance and the values for storage, 
transportation, distance to the plant and conversion method must be included in feasibility 
calculations.  The sustainable management of the farmlands is also in the utmost importance 
in order to obtain high yields for longer time periods and preserve the soils.  

To have a better opinion of the crops with higher yields and energy values of the 
municipality, and compare easily the following graph can be given.  
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Figure 8. Energy production values according to different crops. 

 As it is seen from the table, the maximum amount of energy that can be produced annually 
from the farmland owned by the municipality is around 37 GWh. But the annual energy use in 
Upplands Väsby is around 1000 GWh, so without the contribution of the privately owned 
lands, it is impossible to supply the required energy to the municipality only by biomass.   

Considering the current situation of the farmlands, the easiest combination would be, 

 50% wheat & straw 
 10% reed canary grass 
 40% willow 

  which will give a total energy value of 33865 MWh/year. 

But since the efficiencies or conversion methods are neglected in this study, these figures may 
change. However, it still can be assumed that the average yield can be obtained from the 
farmlands is around 30 GWh per year.  
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8. RESULTS  
After estimation of the values of total energy and fuel use, probable energy saving and 
efficiency options and average amount of energy that can be produced from biomass within 
the municipality; we can look into the possible CO2 reduction values for the next 25-30 years.  

In order to do that, different scenarios were considered for fossil fuel replacement, energy 
saving options and fuel reduction options. Even though the replacement of energy from 
biomass with fossil fuels is a rather easy estimation; the energy and fuel saving values may 
change substantially according to actions taken by the municipality and the success of energy 
efficiency programs because it completely depends on the public behavior.   

Replacement of fossil fuels used in the municipality by biomass 
The calculations of biomass potential estimations in Upplands Väsby municipality show that, 
the amount of energy that can be produced is between 17 GWh and 37 GWh.  An average 
value of 30 GWh can be assumed to be supplied and possible reductions of CO2 emission in 
the municipality with the use of this bio energy can be estimated in different scenarios. 

Scenario 1: Biomass replaces heating oil. 
Heating oil is used in all sectors of the municipality except transportation. The total amount of 
it being used in 2004 was around 36 GWh. If we assume this entire amount can be replaced 
by biomass, then the CO2 emissions from burning of heating oil can be avoided which are 
equal to 9696,27 tons of CO2/year.  

So the total CO2 emission reduction for Upplands Väsby municipality from replacing heating 
oil with biomass would be 8%. 

Scenario 2: Biomass is used in district heating plants. 
Fortum supplies district heating for the municipality and for the colder days they use two 
heating plants which burn fossil fuels. With an agreement between Fortum and Upplands 
Väsby municipality, Fortum can use the biomass they will buy from the municipality to 
replace the fossil fuels they have been using in the additional plants.  

Valsta and other plants use heating oil and electricity to supply 12931 MWh of district 
heating, causing 7048 tonnes CO2/year. So substitution of biofuels with heating oil can result 
with 5,8% CO2 reduction in total emissions. However Upplands Väsby uses only a small 
percent of the total heat produced by these two plants causing 1753,38 tonnes CO2/year. 
Therefore if we consider the CO2 reduction only for the amount used by Upplands Väsby, that 
would be 1,4%.    

The energy production in Valsta and other plants for Upplands Väsby is around 3 GWh. So, 
the remaining 26 GWh of bio energy can either be used to replace heating oil or oil for 
transportation. Using this amount instead of heating oil would decrease emissions by 5,6% 
while converting it to biofuels for transportation would decrease by 5,3%. The final CO2 
reduction would be around 6,8% for both options.  

Scenario 3: Biomass is converted into biodiesel and used in cars or work machines. 
Since transportation is the main problem that is causing the highest amount of CO2 emissions, 
the crops should be used to produce fuel. It is not possible to use this fuel directly in the cars 
since the engines may require some modifications according to the fuel, but instead it can be 
used in the work machines or public buses and public vehicles (for example vehicles used to 
distribute goods or services) employed by the municipality.  
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If all the bio energy produced is used in cars or work machines instead of oil, then the CO2 
reduction would be 6,2%. 

From the fossil fuel replacement scenarios, replacement of heating oil appears to be the most 
feasible option. The amount of energy than can be produced from biomass exactly matches 
the amount of heating oil used in the municipality and it is much easier than district heating 
and fuel replacements.  

Despite a rough calculation was made for replacing fossil fuels in Fortum’s district heating 
plants, more specific data is required to get a more accurate result. For instance, the number of 
days that the plants are in operation per year and the exact amount of energy produced for 
Upplands Väsby must be known. However in general that option will not cause a high 
reduction in CO2 emissions since district heating contributes to only 2% of total emissions 
and the portion coming from Valsta is even smaller. 

Biofuel replacement can be considered in long term only, because of the problems like 
modification of the engines for biofuel use and operational problems in very cold days.  

Reduction of energy use by improving energy efficiency 

Scenario 4: 30% decrease in electricity consumption in houses. 
If the energy saving options are applied in private and apartment houses, the total electricity 
use which is 153 GWh can be decreased by 20%. This would result with a 0,36% reduction in 
the total CO2 emissions. 

Scenario 5: 30% decrease in electricity consumption in the whole municipality. 
If the electricity consumption in all other areas within the municipality is considered and the 
30% reduction is applied for those areas; the final emission reduction for electricity saving 
would be 1,4%.  

The results for electricity savings are negligible compared to other options as a result of 
environmentally friendly electricity production in the majority of companies in Sweden. Yet 
there are significant differences between the emissions of different companies. For example, 
Lunds Energy which supplies electricity to municipal buildings is causing 67,1 g CO2/ kWh 
and Fortum supplying electricity to Väsbyhem is causing 38 g CO2/kWh where Vattenfall 
causes only 5,8 g CO2/kWh and E.ON causes 7,2 g CO2/kWh. Hence along with energy 
conservation, buying electricity from supplier companies with lower CO2 emissions should be 
the first priority for the municipality. 

Reduction of fuel use in transportation 

Scenario 6: 20% reduction in oil use. 
Since oil from transportation causes more than half of the emissions in the municipality, 
decreasing oil consumption by 20% would  result in a reduction of 11,3% in total CO2 
emissions. 

Scenario 7: 20% reduction in oil and 20% in diesel.  
For further reductions in CO2 levels, higher fuel savings are necessary. So if we assume it is 
possible to decrease both oil and diesel use by 20%, then we can get a 16,6% reduction in 
CO2 emissions. 

Reduction of fuel consumption appears to be the best option among the others because it 
results with higher CO2 reductions. In short term, this can be achieved through changing the 
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transportation patterns of public and encouraging them to use rather public transport or car 
polls. In long term, along with advances in technology, people can be directed to change their 
cars to ones that run on non-fossil fuels or that consume less fuel.  

 

As a result, combining different scenarios, the final reductions that can be obtained in the CO2 
values can be shown for possible options in Figure 9 below. 
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Figure 9. Possible reductions of CO2 emissions according to different options 

The maximum amount of CO2 reduction is around 26%, which is close to the 30% target of 
Kyoto Protocol. However, it must be noted that the performance, the efficiency factors, or the 
conversion technologies were neglected in this study. So the results may change significantly 
if these parameters are included.  

From the figure it is clear that for CO2 reductions more than 10%, fuel reductions in 
transportation sector is a must. Therefore the municipality must focus on transportation 
instead of district heating and electricity, for higher CO2 emission reductions. 
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9. DISCUSSION 
The main problem in this study was the lack of information about energy within the 
municipality. Even though Sweden is a very advanced country in terms of renewable energy 
employment and energy efficiency, there are still deficiencies in organization and systematic 
data collection at municipality levels. More detailed and methodical information would allow 
me to make fewer assumptions therefore reaching more accurate and sensitive results. For 
instance knowing the electricity supplier company for each household, the different individual 
space heating methods in use or the amount of electricity used for heating and other purposes 
would provide a better understanding of the energy organization in the municipality and the 
energy use attitudes and habits of the public. Nevertheless the assumptions and calculations 
made in this study depend on previous studies and average values for Sweden, thus the 
margin of error would not be more than 10%. 

For the improvement of the energy situation in Upplands Väsby, a committee must be formed 
in order to be responsible of energy issues and future programs about energy efficiency or 
biomass. The first duty of the committee must be to gather information considering energy 
data; separately for residents, industry, public buildings and transportation. That process can 
easily be done by giving out surveys and questionnaires, and making sure they are filled in 
correctly. The information of higher priority to obtain must be; 

 the type of heating for each household (electricity, district heating, heat-pumps and 
etc.), 

 the amount of energy consumed per month (separately for heating and electricity), 
 the electricity supplier companies for each unit, 
 the number of cars in the municipality and the specialties of the cars (fuel, the frequency 

of use),  
 workplace of the people living in the municipality and their transportation ways. 

This data should be collected in a systematic way and the results must be processed and 
statistics must be formed. In order to follow the changes, the data collection should be 
repeated for preferred time periods such as six-month periods or in a yearly basis. That would 
simplify the efforts and allow the committee to see the results of their programs and direct 
them for further studies.     

In addition, for further studies regarding the environmental impact of energy use, not only 
CO2 but also other greenhouses gases and effects like vibration or sound should be taken into 
consideration. 

For the future plans regarding biomass production, Upplands Väsby municipality should 
analyze very carefully what is more profitable and efficient for the municipality. The energy 
from biomass can be converted to heat, electricity or transport fuel. Furthermore there are 
different options for the use of that energy; such as growing energy crops and sell them 
outside the municipality or inside the municipality, using them in order to produce energy that 
will be used within the municipality in order to replace fossil fuel use or cooperating with 
stakeholders and energy producers for the municipality to use these crops. To make this 
decision, economical and social aspects must be considered along with appropriate biomass 
conversion technologies. 

Another point for further consideration is the environmental aspects of energy crop cultivation 
and energy production. The CO2 and other emissions from cultivation, biomass conversion or 
transportation should also be taken into account. Moreover the long term effects of energy 
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crop cultivation on soils and biodiversity must be studied in terms of sustainable agriculture 
practices. 

The authorities may have doubts about planting energy crops and producing biofuel because 
of the economical risks. The feasibility of this depends on the future oil prices and taxes on 
petrol and diesel. But if we consider the limited supply of oil and the fact that we are 
approaching to the peak demand of oil in a very short time, it is almost certain that there will 
be a significant increase in the oil prices in the future. In addition, Sweden gives high priority 
to environmental sustainability and plans to be oil free by 2020. So the oil and CO2 taxes will 
increase gradually and some limitations will come for their use and release levels. Moreover 
the types of crops described in this study have high allowance for changing the production 
back to conventional agriculture. So with a good and detailed planning of aims and targets of 
energy production from plants and their efficient use, there is almost no risk of growing 
energy crops.    

For all the energy saving, biomass production or other CO2 reduction efforts, Upplands Väsby 
municipality should be open to all kinds of dialogue and cooperation with stakeholders, 
supplier companies, other municipalities or any other interested parties. In addition, there are 
many funding and support opportunities for this kind of renewable energy use in the 
municipalities. For example the municipality can apply to European Commission or the 
Environmental Agency of Sweden in order to get help and financial support for further 
investments and plans.  
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10. CONCLUSIONS 
The main challenge in this study was the lack of systematic approach for energy management 
in Upplands Väsby. For a better energy and environmental management in the municipality, a 
fully implemented methodology for collecting systematic energy data is required as well as 
better communication and cooperation between different stakeholders.  

The studies and analyses of the energy balance for Upplands Väsby municipality show that 
transportation is the most energy consuming sector and it contributes to the total CO2 
emissions in the municipality by 85%. Therefore for the efforts of CO2 reduction, 
transportation must be the first priority.  Since adjusting the engines to biofuel is more 
difficult, the main target should be to decrease the fuel consumption by encouraging people to 
use public transportation and applying eco-driving practices. As a parallel goal, the use of 
environmentally friendly cars should be stimulated. 

In terms of electricity and district heating, the supplier companies mostly use renewable 
sources and their production causes low CO2 emissions. The total contribution to final CO2 
emissions is 2% for district heating and 5% for electricity. Thus, even if energy savings were 
achieved by 30 or 40%, it would not affect the main picture in terms of CO2 emissions 
significantly. That’s why it is easier and faster to find supplier companies with lower 
emissions and buy more environmentally friendly energy. In the long term, however, also 
here energy saving measures should be applied to reduce the total energy consumption. 

The biomass potential of Upplands Väsby for the municipally owned farmlands is around 30 
GWh a year. As the total energy consumption of the municipality is 1000 GWh/year, biomass 
is not solely enough to supply the whole energy required. However, in Upplands Väsby, most 
of the lands are owned privately and only a small part of the agricultural lands are run by the 
municipality. The private land owners can be an important stakeholder for the municipality 
and they may cooperate for biofuel production. If we assume all the arable land in the 
municipality, which accounts for 20% of the total land (approximately 17 km2), is used for 
energy production, the amount of biofuel production can go up to 630 GWh. In addition, half 
of the land in the municipality is forest land which can also be used for biomass production. 
Even using 30% of the total forest land in a sustainable way (including reservations) is 
enough to supply remaining 400 GWh to supply all the energy required for Upplands Väsby 
municipality. Starting the production from municipally owned lands and presenting the results 
to private owners will make them good partners in the long term. By realizing the 
environmental and economical benefits of biomass production, they will be more eager and 
comfortable to cooperate. 

In conclusion, the main target of the Upplands Väsby municipality should be implementing a 
methodology for systematically collecting data on the energy use and CO2 discharges in 
different sectors of the Upplands Väsby economy, preferably using a life-cycle perspective. A 
second important aim should be to focus on energy saving measures, especially in the 
transportation and housing areas. A third interesting possibility is to support initiatives aiming 
of encouraging municipal and private land owners to contribute to energy production.   
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