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ABSTRACT  
Sweden has got the toughest demand in the whole of Europe recently. In 2020 minimum 49 % of the energy 
should be renewable energy. To achieve the goal biogas production is being optimized, utilizing organic 
wastes and crops, to produce methane for cars and buses. In Vasteras a 200 MW waste gasification plant will 
be built to replace coal in an existing 600 MW PC-boiler with biogas. The plant will start up 2011. There will 
be co-firing with also peat, aside of the biogas. In Sweden 120 TWh/y of biomass is consumed, which is 
almost 1/3 of the total 400 TWh energy utilized annually. Most of it is used in co-generation (CHP) or pulp 
and paper industry. Now the plan is to increase production of liquid fuels for vehicles. Energy balances for 
production of bio ethanol in Sweden will be discussed. This can be an interesting part of poly-generation 
systems. Plug-in hybrid car are foreseen to be introduced on a large scale within the next 10 years. Here 
liquid fuels are used in a combustor with e.g. a turbine and generator primarily to produce electricity, while 
electric engines fed by electricity from batteries drive the vehicle. Today 60 % of the new cars are 
"environmental", that is low consuming diesel, ethanol or biogas. Seven years ago it was only 5 % of the new 
cars! Cities, county authorities and government are working together with companies and universities to 
drive the transfer away from fossil fuels. 
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INTRODUCTION  
 

Sweden has got the toughest demand in the whole of Europe recently with respect to fossil CO2 emissions. In 
2020 minimum 49 % of the energy should be renewable energy. This is excluding the nuclear power, which 
is fossil CO2 free, but not considered renewable. This means that many actions should be taken both on 
technology developments and implementations of new taxes, subsidies for investments in new technology 
and strong activities to make people aware of the situation with respect to future energy deficiency 
concerning fossil fuel. 
There are many activities going on to both develop new technologies, as well as finding means and 
regulatory mechanisms to drive a transfer in the wanted direction. 
In this paper we describe the work and give examples on concrete development actions being performed in 
Sweden and especially in the Malardalen region. 

 
HOW TO MAKE USE OF RESOURCES IN MALARDALEN REGION AND SWEDEN 

 
Sweden is the fourth largest countries in Europe with respect to the land area, but with only 9 million 

inhabitants. On the other hand we have 3 million inhabitants in the limited region around the lake Malaren, 
which is more like in other densely populated areas in Europe. We thus have concentrated on evaluating how 
to make a transfer into a fossil free society in this region, not to make it “too easy”. This means that we have 
to find a realistic balance between available resources and the consumption long term. As the region is 
exporting large amounts of heavy products like steel and to some extent also pulp and paper, the energy 



needed for these products should principally be reduced from the regional consumption balance, but on the 
other hand the energy used to produce products we import should be added. The county authorities are the 
ones who should gather the information needed to make this balance on an annual basis.   

 
How to do this has been addressed by us in [1],[2]. In the table 1 below an overall balance for the 

Malardalen region as well as for Sweden can be seen. The statistical data is mainly taken from Statistics 
Sweden [3] 

 
TABLE 1 Resources available in the Malardalen region resp Sweden and how the energy is utilized 
2006 
         Malardalen   Sweden 
Inhabitants      2 955 816 (32.4%)  9113257 
Forests (km2)      17 500 (7.6%)   230 000 
Farmland (km2)      5 940 (22.3%)   26 604 
Energy usage MWh/capita,y   43.1     44.1 
Total energy usage TWh/y   127.4 (31.7%)   402.1 
- Electricity TWh/y    37.5     135.4 
- Heat, buildings, service TWh/y  41.1     70.2 
- Transportations TWh/y   27.2     97 
- Materials, food, industry TWh/y  21.6     99.5 
 
36.8 % of the farm land area was used for cereals 2006. 11.5 % was fallow land and 41.8 % grace land. 

Electricity is split between the different other categories with 57.4 TWh/y in industry, 2.9 TWh/y in 
transportations and 75.1 TWh/y for households (34.7TWh), agriculture and forestry (3.8TWh), infrastructure 
like power, water and waste handling (5.6 TWh) and other buildings like offices, malls etc (31 TWh). The 
total consumption of oil-products in Sweden was 2006 13 673 000 m3, which corresponds to approximately 
136 TWh. Of this 97 TWh is for transportation, and the rest, 39 TWh, is for industry and heating. Very little 
is used for power production. For the Malardalen region the corresponding figure for oil products is 36 TWh 
(3 611 000 m3), or 26.5 % of the total.  

The most available renewable resource in the region is the biomass from the farm land and the forests. It 
can be interesting to make a possible balance over the region from a biomass perspective. Today the region 
uses 127 TWh energy per year. 21.6 TWh/y is used for materials and food ( and industrial production). This 
amount can be reduced to approximately 45% of the original if we should recycle as much as the rest of 
Europe, and not use virgin materials in Sweden and exporting the scrap, as well as eating more vegetarian 
food instead of meat. This would give us a need for 9.7 TWh/y for materials and food. 
If we implement plug-in hybrid technology the vehicles will be driven by electrical engines. These will have 
an efficiency of approximately 90-95%, compared to 25 % for Otto-engines and up to 40% for Diesel engines. 
Approximately 70-80 % of all transportations in Sweden with cars are within a radius of 50 km, which means 
that a plug-in hybrid vehicle can use electricity as the fuel most of the time. The rest of the time they can 
utilize renewable fuels like ethanol, methanol, bio-gas, DME or RME. These can be used in a combustor 
connected to a turbine or similar, that drives a generator, which is feeding a battery with power. This gives a 
significantly higher overall efficiency than using the normal engines to drive the wheels. Principally we can 
reduce the need for fuel by some 80%, leaving a demand for Sweden reduced from 50 TWh to 10 TWh with 
respect to other fuels than electricity. If we do the same for the buses, trucks and working machines these can 
perhaps not be reduced by 80%, but at least some 60%, leaving some 20 TWh fuel demand. This means 30 



TWh for Sweden and for the Malardalen region 2.7 (cars) + 5.4 (other vehicles) = 8.1 TWh/y of bio fuels. 
For long distance transportations more tonnage should be shipped on electric trains and thus the reduction 
could be even further.  
  Using solar panels 20% of the heat and hot water can be produced without other fuels, and with low 
energy houses the energy demand for heating can be decreased by some 2 %/year, a figure seen already 
during the last 25 years in Vasteras where the heat demand now is 30% lower than 1985. In 20 years this 
means a reduced energy demand from fuels by 60%, leaving a demand of 16 TWh. If we replace the 
electricity for lights by LED (Light Emitting Diods), use solar power and other fuels instead of electricity for 
hot water production for washing, showers etc, it is realistic to reduce the electricity consumption by some 
40 %, or some 15 TWh for the Malardalen region. On the other hand we will need more electricity for the 
plug-in hybrid cars. The extra energy for this corresponds to approximately 20 TWh for Sweden, and some 
6.5 TWh for Malardalen region. The net reduction will be 15- 6.5 = 8.5 TWh, leaving 27.2- 8.5 = 18.7 TWh 
electricity demand for the Malardalen region. The increased heat demand from other sources will be some 10 
TWh, leaving us with a demand of some 10 + 16 = 26 TWh heat from mainly bio fuels. The total demand of 
energy from other sources than sun directly then will be 26 TWh heat + 18.7 electricity + 8.1 TWh fuels for 
vehicles + 9.7 TWh for materials and food = 62.5 TWh total for the region.  

If we now first take out the energy for materials and food, we have 52.8 TWh/y left for a polygeneration 
system. Assume that 20% of the biomass is converted to fuels for vehicles, that is 10.6 TWh. The residual 
42.2 TWh can give approximately 32 % electricity (13.5 TWh) and 58 % heat (24.5 TWh). We have almost a 
balance for heat, but need some extra electricity. Still, we have already 4.5 TWh from hydro power, and 
almost reach a balance. With the 24.5 TWh nuclear there is a surplus of 24 TWh! 
 
BALANCE BETWEEN SUPPLY AND DEMAND 

 
We now should take a look at the available resources. We make the assumption that 1 ton DS biomass 

contains 5.4 MWh. We also make the assumption that we produce 5 ton grain (cereal) and 3 ton straw from 
each ha farm land and 8 ton DS per ha in energy forests like Salix, Hybrid Aspen and similar. 62.5 TWh 
would then need a land area of 62 500 000 MWh/(8t/ha,y*5.4 MWh/t) ha = 14 470 km2 or with 20% losses 
17 360 km2. In Malardalen we have 17 500 km2 Forest land and 5 940 km2 farm land. Together this give us 
23 440 km2. From this simple calculation we can see that principally we can achieve a balance.  

 On the other hand the landscape would be less attractive if we start growing energy forests. It may also 
be risks for leakage of nutrients into the lakes with a too intensive production of crops. It thus would be a 
need to reduce the consumption or increase electricity from wind and solar even further to be on the safe side. 
We can increase the electricity production by some 5-10 TWh/y with wind energy. We also can decrease the 
consumption of meat, and eat more vegetarian food as the energy used to produce meat is in the range of 10 
times higher per MWh compared to that for the crops. If we keep the nuclear power, 24.5 TWh, we come 
down to a level where we really can feel quite safe with respect to long term sustainability of the balance, as 
the need for land to fulfill the needs would drop to approximately 30 TWh, or 6 940 km2 or with 20 % losses 
8 330 km2. 
 
OTHER ENERGY RESOURCES AND TECHNOLOGIES TO MAKE USE OF SOLAR POWER 
COMBINED WITH BIOMASS 

Concerning the hydro power the resources are relatively limited, with only some 1110 MW or 4.3 
TWh/y produced from the river Dalalven. In the nuclear power plant Forsmark 2075 MW or approximately 
24.5 TWh/y electricity is produced. The wind power capacity today is very minor, only some 1.4 TWh in the 



whole of Sweden, and very marginal in our region. Still, there is a potential for production of at least some 5 
TWh/y especially in the coastal areas. The sun is giving some 1-2 MWh/m2,y, but during winter the relative 
amount is very small. In the figure below we can see how the intensity varies over the year (Figure 1.) 

 
FIGURE 1 The sunshine in Malardalen as a function of the time of the year and the amount of clouds. 

Upper curve (yellow) shows sunshine in kWh/m2,day when clear sky ;the blue cloudy day. The pink shows 
a typical day. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
What we can see from the figure is that the amount of energy available during the bright part of the year is 
significant, and especially as the “light is on” more than 20 hours a day during summer. On the other hand – 
there is almost no light available during the winter! This complicates the utilization of sun radiation. We need 
large storage capacities to compensate for the lack of light during the winter. Co-generation in biomass fired 
plants, nuclear and hydro power are suitable for this. 

Still, there is a significant potential to utilize sun for hot water production. This is economical already 
today, as all hot water needed in normal homes can be produced from some 10-20 m2 solar panel per 
household during approximately 8 months per year (see figure 2). Also PV cells can produce a significant 
amount of electricity during the summer. The only hurdle is the cost for the PV cells.  

With a pellet or wood burner we replace all the oil needed earlier [4-6]. This is a very interesting 
solution for houses outside the cities. In the cities where we have CHP and district heating, the future trend 
will be to replace the pellet or wood stove with a tank heated with both solar power and district heating. At 
the same time the houses are designed in such a way that the energy demand for heating is very low, below 
70 kWh/m2,y in our relatively cold climate. On the other hand an increased need for cooling is seen, and 
designs will be made handling also this. Also absorption heat pumps will be used more producing both 
cooling and heating utilizing district heating. To decrease also the electricity demand light will come from 
LED-lamps and light tubes. This is already today introduced and the company TD-light has started a 
production of LED-light tubes with a patented technology reducing the energy demand to less than half of 
otherwise low energy light-tubes! Malardalen University is co-operating with TD-light and the users on the 
evaluation of the systems and long term performance. 
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FIGURE 2 .Solar panel at a single house combined with a pellet burner. Pictures from the Rebus project 
[4-6] 
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THERMO PHOTO VOLTAICS 

 
Another very interesting alternative electricity production method may be TPV, Thermo Photo Voltaics 

[7-10]. Principally we use PV-cells but with photons emitted from a hot steel plate instead of from the sun. 
The technology has been commercialized by e.g. JX Crystals in the US. They use TPV-cells in connection 
with gas heaters, to be used e.g. in the Rocky Mountains, to get electricity for a couple of lamps and a TV set 
in the winter houses. The efficiency still is not very high, only about 0.5 % with respect to electricity 
produced in relation to the heating value of the fuel. At Malardalen University together with the University 
College in Dalarna a new technology has been developed. The principles are seen in figure 3. A boiler is 
combusting any kind of fuel, gas, peat, wood or pellets. The heat is heating an emitter, which is sending light 
away. The light is then reflected using a “Faberge egg” with mirrors at the inside. In the middle of the egg an 
Edge filter is mounted, that reflects the photons with a wave length longer than 1.9 um. The photons then are 
converged towards a PV-cell surface that is cooled by water.  

This arrangement has given an efficiency of 3.5-4 % with respect to electricity with the same PV-cells. 
With modified PV-cells of In(x) Ga(1-x) As we get a band gap of 0.6 eV for 65% In and 35% Ga, which 
would be interesting to test, if it was available. We are now looking for someone who has cells of this type. It 
then probably could be possible to reach at least 8 % efficiency. With such a system we can use to heat from 
the combustion to either heat or cool buildings and simultaneously produce in many cases enough electricity 



for normal needs in houses. The advantage is that the unit can operate also when it is dark and with heat/cold 
storage like above, electricity can be produced when needed and the excess energy is stored for later use. 
 
FIGURE 3 Thermo Photo Voltaic, TPV- system 

 

   
 

 
OPTIMIZATION OF BIOGAS PRODUCTION FROM ORGANIC WASTE  

Today all organic waste from households, restaurants and similar is collected in at least three of the five 
the counties in the Malardalen region (in some but not all municipals in the others)[2]. What is possible to 
degrade microbiologically is used to produce biogas for vehicles. In Vasteras also crops like clover and grass 
is decomposed while in Eskilstuna and Orebro residues from food production is degraded together with 
sludge from activated sludge in the waste water treatment plants. In Vasteras 2 400 000 Nm3/y methane is 
produced, which is enough for 40 buses, 10 waste collection vehicles and 500 cars today. In a newly started 
project with Malardalen University the plants is now trying to increase the production of methane with 
hopefully 30 %. We here use membrane filtration to keep control of the organic load of recycled material 
from the decanter centrifuges. Also the household waste and the crops are pre-treated in different ways to 
increase the decomposition rate, and the fluid dynamics is improved through experiments combined with 
CFD- modeling. As the organic residue goes back to farmland areas and is used as a fertilizer we do not want 
to add any chemicals to the process water to enhance the flocculation. The goal is to increase the production 
of methane significantly and later on make it possible to produce large quantities of gas for vehicles to 
replace a significant part of the fossil fuel used today. The goal is also to optimize the biogas production from 
residual active sludge from the municipal waste water treatment plants in a second stage. Here a project has 
started together with Malardalen University at the waste water treatment plant in Eskilstuna, where the goal 
is to increase the production long term by a factor of 2-10. In Orebro the existing biogas plant has been 
extended to make it possible to receive and decompose spent juice and other food products. In the figure 4 
below we see the biogas production plant at Vaxtkraft in Vasteras. 

 
 
 
 
 
 



FIGURE 4 The Vaxtkraft biogas production plant using household waste and crops in Vasteras 
 

 
 

HIGH TEMPERATURE GASIFICATION OF SOLID ORGANIC WASTE  
 
All waste that can be decomposed biologically will be treated in that way to produce a good fertilizer 

that can be redistributed to the farmers. What cannot be decomposed in this way will be treated in a waste 
gasification plant at Malarenergy. The idea is to make a relatively simple gasification plant with 
CFB-technology. This will produce a “syn-gas”, that is CO+H2. The gas will be burnt in the existing coal 
fired boiler(originally 600 MW PC-boiler) together with biomass and peat. By replacing the coal the 
tax-reduction makes the new gasification plant pay-off in just a few years time. The same technology is 
investigated also in Stockholm, to make use of all the waste produced in the capital of Sweden. 

Later on when experience has been gathered on the gasification the plan is to increase the syn-gas 
production and to produce also chemicals like DME. This can be used as a fuel complement to the methane 
and other fuels like rape seed oil, RME and ethanol. The plan is to have a 200 MW heating value plant up 
and running by the year 2011. In parallel to this the municipals are replacing the use of oil in many schools 
and other buildings with Rape seed oil. Also solar power is introduced at several official buildings. 
Altogether these actions will remove the last use of fossil fuels for heating purposes. In parallel to this 
Malardalen University also is working on the development of other type of gasification projects, and 
especially the work on a dry black liquor gasification method with direct caustization for pulp mill has made 
many pulp and paper producer very interested [11]). A pilot plant has been in operations in Vasteras, and can 
be seen at the figure 4 below. Several patents have been filed on the process design [12],[13]. From the 
experience with the black liquor gasification pilot plant we could see that it is very important to include a 
solution for recycling ash from the bag house back to the reactor, to avoid carbon losses. We also could see 
that it is possible to keep the levels of alkali down below some 10 ppm, and thus make it possible to use the 
gas in a gas turbine cycle, or for production of chemicals like methanol or DME in catalyst beds. 
 
 
 
 



 
 
FIGURE 4 The dry black liquor gasification CFB process with direct caustization pilot plant in Vasteras 

 

 
ENERGY BALANCE FOR PRODUCTION OF ETHANOL FROM CEREALS AND STRAW 

 
   In Carlsson et al [14] the figures for Sweden are given for consumption of energy respectively emission 
of CO2 related to products. The data are energy use and carbon dioxide emissions linked to the private and 
public consumption of Sweden and disaggregated on a product group level, both classifications of NACE and 
COICOP are used. All calculations of the suggested IPP-indicators are based on the Swedish environmental 
and national accounts, e.g. input-output (IO) matrices and emissions by industry. In [15] Statistics Sweden 
have described Households in the environmental accounts for EU/DG Environment and Eurostat. 
Approximately 1/3 of the energy in Sweden is utilized in Malardalen, and the figures are seen in the table 2. 
 
ENERGY BALANCE FOR PRODUCTION OF ETHANOL FROM CEREALS AND STRAW 
 

One important aspect of production of crops and food is how much energy that is consumed first to 
produce, and then to transport and process the products. 
If we start with the cereals typical figures in the region are as follows (1 ha = 0.01 km2) : 

 
• Energy consumption for production of cereals at a farm:  
• Harrowing twice in autumn with cultivator, 6 ha/hour. 350 ha/6 = 60 h*2 = 120 h  
• Harrowing 1-2 times with smaller fingers, 10 ha/h. 350/10 = 35h * 1,5 = 50h  
• Sowing 3-4 ha/h incl filling seed + fertilizer. 350/3,5 = 100h  
• Spraying 1-2 h/y ( outsourced. 24 m width. Very fast. Can neglect)  
• 270 h * 40 lit/h = 10800 lit * 10 kWh/l = 108 MWh  
• Harvesting 2,5 ha/h including transport machines, emptying etc 350/2,5 = 140 h * 32 lit/h 

=4480 lit * 10 = 45 MWh  
• Drying from 20% to 13% Moisture= 13 l/ton*10 = 130 kWh/ton  



• Production 5 ton/ha * 350 ha = 1750 ton cereals  
• Drying 1750*0,130 = 230 MWh 
• Nutrient 150 kg N/ha + 30 kg P-K/ha.  
• 72 ha Oates consumes N-fertiliser corresponding to 7 ton oil for 300 ton Oates. This 

corresponds to 350*7/72 =34 ton *10 MWh/ton = 340 MWh  
• The total energy consumption then for the 1750 ton cereals would be 108+45+230+340 = 

723 MWh.  
• This gives 0.41 MWh/ton. This corresponds to 0.41/(5,4 MWh/ton) = 7,7 % of the heating 

value of the cereals grain.  
• The heating value of the grains will be 5 ton/ha * 5.4 MWh/ton= 27 MWh/ha 
• If we also make use of the straw, we would get approximately 3 ton DS/ha * 5,4 /5 = 3,2 

MWh per ton cereals or 16.2 MWh/ha. The total then would be 27 + 16.2 = 43.2 MWh/ha 
if we utilize both the grain and the straw in the Malardalen region. The energy used to 
produce the grain and the straw becomes 0.41/43.2 = 0.95%.  

• If we were producing biogas, CH4, instead, no energy is needed for the distillation, and the 
overall balance can be reached also without as strong integration with CHP.  

This amount is today using fossil fuel, but in the future it will be replaced with renewable fuels like CH4, 
DME, RME or Ethanol. Even the working machines will be more efficient by making use of new techniques 
being developed right now in e.g. Eskilstuna by Volvo CE. When these are introduced the energy 
consumption may be reduced by 50%.  

We have similar figures for other cereals in the region. As cereals are the totally dominating species 
today, this is of most importance. There may come up new crops in the future as well. Possible crops for the 
climate in Malardalen are listed below in table 2. 

 
TABLE 2 Suitable alternative crops for Malardalen region 
 
Fodder marrow cabbage is often giving high harvests, especially in southern and middle Sweden. 6-8 
ton DS/ha is common.  
Leguminose plants normally give only 4-5 ton DS/ha, year.  
Rape seed can give 4-6 ton DS/ha – higher the later the harvest. Total biomass still appr 8 ton DS/ha 
(straw 5 ton).  
Corn can be grown at the same site many years in a row. It is sensitive to frost, but gives high yields, 
over 10 ton DS/ha.  
Rajj-grass will give 5-6 ton DS/ha, year.  
Salix today typically 8 ton DS/ha, but potential 12 ton DS/ha with good conditions 
Hemp 15-24 ton DS/ha in Vastmanland with high nutrient addition and watering at test growth 
Wheat 4.9 ton grain + 3 ton straw/ha 
 

“Waste Sweden” estimates that approximately 30 kg of the food that is purchased is thrown away every year 
per capita in Sweden. This would mean approximately 0.03*5.4 MWh/ton = 0.15 MWh/c,y or ca 8 % of the 
2 MWh/c,y consumed. In the UK estimates say that approximately 30 % and in the US 50% of the purchased 
food is claimed to be thrown away. If we include also what is thrown away directly from the shops we 
probably will have at least 10% being wasted, but probably the figures are higher also in the Malardalen 
region than indicated here. The good thing is that most of this is being converted into bio-gas! 

 



RESULTS AND DISCUSSION  
 

In the paper so far mostly a lot of data and technologies have been discussed. The most important factor, 
though, is to get people and politicians to take actions. For the politicians it is very important to formulate 
taxes, regulations and subsidies of different kind that will build a good frame work for the market forces to 
drive the technology transfer. To do this the politicians have to be convinced that what they do is the right 
thing. Here the Agenda 21 Vastmanland is one actor that drives seminars, workshops and spread information 
in their journal to primarily the people in the municipals. By getting everyone, and especially the politicians, 
aware and active, good ideas will be implemented. In several of the cities the politicians of the different 
parties all are driving in the same direction. This pays off as very strong actions to promote a transfer into a 
fossil fuel free society.  

As the municipal authorities and politicians are so positive, also the population is following on the same 
route. What we see is a strong increase in public transportations. The amount of commuters by train between 
Stockholm and Vasteras, Eskilstuna and Uppsala for instance has doubled in just less than 10 years. The 
politicians now try to get common agreements for the whole region with five counties to expand the track 
system for the trains jointly. In this way the bottle necks in the transportation system for the trains will be 
removed, and even more people start commuting by train instead of by car. 

For private persons the strongly increased cost for gas/petrol is starting to hurt. To promote the use of 
alternative fuels and electrical engines more the government is giving subsidies when you buy a new 
environmentally friendly car - 1000 - 2000 Euro per car – and also decreased costs for parking in the cities. 
This has made the fact that 30 % of the new cars are ethanol or biogas cars, while 30% of the new cars today 
have diesel engine, compared to only very few some years ago. It is here important that also the number of 
filling stations for ethanol has increased from 70 to 1200 in just five years, and we also have more than 80 
methane filling stations. Now it is time also to drive the manufacturers to produce small, light but safe cars 
with plug-in hybrid engines as well! The increased fuel cost will stimulate the buyers to go that way! For a 
normal car the cost is approximately 12 Yuan/10 km in Europe today using petrol, while only 1.5 Yuan/10 
km for electricity, and an additional 3-4 Yuan/10 km for enlarged batteries. This is important to remember 
when we discuss the transfer away from fossil fuels! 

When it comes to the habits of private persons we have seen that the local transportation pattern is 
changing. When it comes to vacation travels we still do not see much of a change. Cheap flight tickets with 
companies like Ryan air is far too attractive. But as fuel price goes up, and surely the politicians will find a 
way to start charging tax also on air plane fuel, the cost will have to increase also for them. Then the number 
of travels will probably go down. Simultaneously the air planes are reducing the fuel demand significantly, 
and here actually Ryan air has been the real driver, as they have achieved a reduction of the fuel consumption 
per person and km to only 25% compared to the average regular air companies! 

When it comes to selection of products in the super markets and shops, we already today are seeing a 
trend to label the CO2 emissions or energy consumption for all products in some chains in the UK, and this 
will surely spread to other EU-countries within short. This will make it possible to select “what is good”, and 
many people already today are favoring ECO-products, so this is likely to give a strong impact. 

CONCLUSIONS  

In this paper we have presented the energy situation in the Malardalen region and Sweden today as well as 
actions to reduce the energy usage, and to transfer from fossil fuels to non-fossil fuel solutions. It can be seen 
that many actions made by politicians already today have proven to be very efficient in the transformation of 
both the energy system and the habits of the population. The most significant effect was to put a CO2 tax on 



fossil fuels in 1992. This increased the utilization of biomass from 50 to 120 TWh/ year, and is now 30% of 
all energy inputs in Sweden! 

ACKNOWLEDGMENT  
We want to thank the Swedish Energy Agency, the county authorities in Vastmanland,  the municipals 

in the region, the power companies and many very enthusiastic and engaged people working in many 
different organizations, but especially the Agenda 21 organization. A special thanks to Malarenergy, 
Vaxtkraft, Eskilstuna Energy and environment, ENA energy in Enkoping and Sala-Heby Energy.  

REFERENCES 
 
[1] Paz A., F. Starfelt, E. Dahlquist , E. Thorin,  J. Yan: How to achieve a fossil fuel free Malardalen region. 
Conference proceedings of 3rd IGEC-2007, Västerås Sweden, June 18-20, 2007. 
[2]Dahlquist E., E. Thorin, J. Yan,: Alternative Pathways to a Fossil-Fuel Free Energy System in the 
Mälardalen region of Sweden. International Journal of Energy Research, June 2007 
[3] SCB (Statistic Sweden) statistics 2008 
[4] Fiedler F, Nordlander S, Persson T and Bales C. Thermal performance of combined solar and pellet 
heating systems. Renewable Energy. 2006. Vol. 31(1). pp. 73-88 
[5] Fiedler F, Bales C, Persson T and Nordlander S. Comparison of carbon monoxide emissions and 
electricity consumption of modulating and non-modulating pellet heating systems. Accepted for publication 
in International Journal of Energy Research (2006). 
[6] Fiedler F, PhD thesis: Combined solar and pellet heating systems – studies of energy use and 
co-emissions. Malardalen University Press, dec 2006, Vasteras. 
[7] Lindberg, E.: TPV Optics Studies. PhD thesis Swedish Agricultural University, Uppsala, 2002, Silvestria 
244. 
[8] Lindberg, E. och Broman, L. (2003a) An animation tool for demonstrating the importance of edge filters 
in thermophotovoltaic applications. Renewable Energy 28(2003)1305-1315. 
[9] Lindberg, E. och Broman, L. (2003b) Fabergé optics and edge filter for a wood powder fuelled 
thermophotovoltaics system. Renewable Energy 28(2003)373-384. 
[10] Dahlquist E., Karim A., Bard G., Lindberg E., Broman L., Nordlander S.: TPV, thermo photo voltaics. 
Conference proceedings of 3rd IGEC-2007, Västerås Sweden, June 18-20, 2007 
[11] Dahlquist E. and Jones A.: Presentation of a dry black liquor gasification process with direct caustization. 
TAPPI Journal, June 2005, p 15-19. Awarded best peer reviewed research paper 2005 by TAPPI Journal.  
[12] Patent: A CFB Black Liquor Gasification system operating at low pressure using a circulating fluidized 
bed,US Patent 5,284,850,Michael Tanca, Erik Dahlquist and Sune Flink (June 1992). 
[13] Patent: Black Liquor Gasification process operating at low pressures using a circulating fluidized 
bed,US Patent 5,284,550,Michael Tanca, Erik Dahlquist and Sune Flink (June 1992). 
[14] Carlsson A., V. Palm and A. Wadeskog: Energy use and CO2-emissions for consumed products and 
services. IPP-indicators for private and public consumption based on environmental accounts. Environmental 
Accounts, Statistics Sweden, 2006 
[15] Wadeskog A., M. Larsson: Households in the environmental accounts. Statistics Sweden, Prepared for 
DG Environment and Eurostat, 2003 


