
Manuscript for XIV Polish District Heating Forum, Sept 13, 2010 

1(9) 

District Heating in Sweden – Achievements and challenges. 

SVEN WERNER 
Halmstad University 

PO Box 823, SE-30118 Halmstad, Sweden 
sven.werner@hh.se 

+4635167130 
 

Abstract 
The Swedish district heating sector has achieved a strong position with a market 

share of 60% during 2008 in the heat market for buildings in the residential and service 
sectors. This position has been reached during the last 30 years without major use of 
combined heat and power (CHP) plants. The district heat has instead been generated 
from a basket of waste incineration, industrial surplus heat, biomass, and some fossil 
CHP. But during the recent years, the fossil CHP has been replaced by biomass CHP. 
The specific carbon dioxide emissions are now more than 80% lower than in other 
European cities and towns using natural gas and fuel oil to heat buildings. This paper 
gives a short overview of the development of the Swedish district heating sector with 
respect to market position, the CHP situation, the carbon dioxide emissions, and the ad-
ditional social cost for district heating. 

Introduction 
The first Swedish district heating system started 1948 in Karlstad, when heat was de-

livered to some industrial buildings from a small municipal thermal power plant. The 
historical background for district heating in Sweden has earlier been published in [1]. In 
this short paper, the focus will be the development during the last 30 years with respect 
to the current market position, the situation for combined heat and power (CHP), the 
successful reduction of carbon dioxide emissions, and the social cost for district heating 
in Sweden. Due to the Swedish tradition, all heat amounts are presented in multiples of 
Wh (Watt-hours). 

The development of district heat deliveries is presented in Figure 1. This heat has 
mainly been used to cover heat demands in buildings. In 2008, the residential heat de-
mands constituted 61% of the district heat deliveries, while 30% was delivered to the 
service sector. Remaining 9% was delivered to industrial buildings and processes. 
Some heat was also delivered to heat urban streets, pavements, and bus terminals in or-
der to reduce accidents from slippery surfaces. About 140 companies with 540 net-
works located in 220 municipalities delivered the heat. 
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Between 1955 and 1965, the annual growth rate of heat sales was high, 22%. More 
moderate, but still high growth rate of 14% per year was achieved between 1965 and 
1980. Reaching a more mature market situation during recent years, the average annual 
growth rate has been only 2,5% since 1980.  

This strong growth has been accomplished despite the fact that the specific heat de-
mand for buildings has been reduced with 35% since the early 1970’s. According to [2], 
the current specific heat demands for space heating and hot water preparation in Swe-
den are about the same as in Poland, Germany, Hungary, Austria, Belgium, Slovenia, 
United Kingdom, and France. A more severe climate and higher indoor temperatures in 
Sweden are compensated with more insulation and heat recovery in buildings. 

Figure 1 has also a curve showing the expected heat deliveries during an average 
climate year. This curve reveals that almost all years since 1987 have been warmer than 
the average climate year due to global warming. 
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Figure 1. The development of district heat sales in Sweden. 

 
This strong development of district heat deliveries can mainly be explained by the 

following four policy activities in Sweden: 
 

1948-1970 Municipal electricity departments started district heating sys-
tems in order to obtain heat sinks for future municipal CHP 
plants. The general opinion in the late 1940’s and early 
1950’s was that the dominating hydropower supply had to be 
supported by new thermal power in the future national elec-
tricity balance. 

1965-1974 National housing policy programme to build one million new 
dwellings during 10 years in order to improve the cramped 
housing conditions. Most of these new dwellings were con-
nected directly to the growing district heating systems. 

1980’s National energy policy programme to reduce the oil depend-
ence, mainly for heating. Supported by higher energy tax for 
fuel oil in the early 1980’s. 
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1990’s National climate change policy programme to reduce the 
greenhouse gas emissions. Supported in 1991 by introduction 
of the carbon dioxide tax, proportional to the emission of 
fossil carbon dioxide for each fuel. The local climate change 
investment program started in 1997. 

 
These four major activities reveal that district heating systems were started from lo-

cal municipal initiatives, but later supported by three different governmental policy 
programmes. Within these national policy programmes, some minor state grants have 
been directed to district heating systems for conversion of plants to solid fuels, for bio-
mass CHP plants, for heat distribution pipes, and for connection of new customers. 
However, the two most important supporting mechanisms have been the high oil tax 
since the early 1980’s and the carbon dioxide tax, introduced in 1991, but later substan-
tially increased between 2000 and 2004. During 2009, the Swedish carbon dioxide tax 
for domestic use was about 100 Euro per ton, considerably higher than the market price 
for carbon dioxide quotas in the European trading system. 

The Swedish non-industrial heat market 
District heat had a market share of 60% during 2008 in the heat market for buildings 

in the residential and service sector, see Figure 2. This position has been achieved by 
gaining about one percent of the market each year since 1978.  

The strongest market segments for district heat are multi-family houses (94% con-
nected) and public and commercial premises (78% connected). For single-family 
houses, electric heating and heat pumps have a dominant market share of about 50%. 
These strong positions of district heat and electricity have been obtained by reduction 
of the market share for fuel oil from 61% in 1978 to 4% in 2008. Rural houses use 
mostly firewood and wood pellets. In contrast to most other European countries, very 
little natural gas is used to heat buildings in Sweden. 

The Swedish heat market for buildings 
in the residential and service sectors 
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Figure 2. The development of market shares in the Swedish heat market for buildings in the 

residential and service sectors. 

 



4(9) 

Energy supply to district heating systems 
Fuel oil was almost the only energy supply used before 1980, when the high oil 

prices from the second international oil crises forced the district heating companies to 
change and diversify the energy supply. This gave a supply characterised by high diver-
sity and robustness, as presented in Figure 3. This diagram is good example of the di-
versity in the fundamental idea of district heating, [3]. 

 

Supply for heat generation in district heating systems
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Figure 3. The development of the energy supply allocated to heat generation in Swedish district 

heating systems. 

Waste incineration constitutes the base load in about 30 district heating systems. The 
Swedish municipal waste is mainly directed to waste incineration (48%), material re-
covery (35%), and biological treatment (14%), since only 5% reach landfills. Addi-
tional industrial waste was also used in the waste incineration plants, giving a total use 
of 4.7 million tons of waste for heat and electricity generation. 

Industrial surplus heat is recycled in about 50 systems from mainly oil refineries, 
paper mills, steel mills, and chemical industries. The two longest district heat transmis-
sion pipes for recycling of industrial surplus heat are both 18 km long and are located in 
Varberg and Lindesberg. 

Wood fuels and peat dominate the energy supply today and are used in both CHP 
plants and heat-only boilers. About 120 companies use this fuel and it is also the most 
common base fuel in small district heating systems. This current high share of biomass 
supply in the Swedish district heating systems is unique in Europe, [4]. 

Natural gas, LPG, biogas, and blast furnace gas are used when available. Natural gas 
is only available since 1985 in Southwest Sweden between Malmö and Göteborg. 

Heat pumps with capacities up to 40 MW heat were installed in the 1980’s, when the 
electricity price was low from the occasional national surplus of nuclear power. Cur-
rently, large heat pumps are used in about 40 systems. 

Electric boilers were also installed in the 1980’s, but have been less used during re-
cent years due to higher electricity prices and taxes. 

Coal was used by many systems in early 1980’s as the first oil substitution, but most 
of these systems converted to biomass during the 1990’s. The introduction of the car-
bon dioxide tax in 1991 reduced the fuel economy for heat generation using coal. 
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Oil is nowadays almost only used in peak and stand-by boilers. 
Other fuels are a blend of bio-oils, dangerous waste, rubber tires, straw, refinery gas, 

animal waste, demolition wood waste, imported olive stones etc. 

The CHP situation 
Combined heat and power (CHP) plants have not been so competitive in the Swedish 

district heating sector during the last 30 years. During 2009, only 9.3 TWh of CHP 
electricity was generated from the district heat sales of 51.8 TWh, giving a gross effec-
tive power-to-heat ratio of 0.18. Including the internal electricity use of 3.6 TWh for 
heat pumps, electric boilers, and operating pumps and fans, the net effective power-to-
heat ratio became only 0.11. Only 39% of heat generated came from CHP plants. In 
fact, Sweden has a unique situation in Europe according to [4], by having a high market 
share for district heat, but with a low utilisation of CHP heat. 

Although the future use of CHP plants was the primary objective for the municipal 
energy departments for establishing district heating systems in the 1950’s and 1960’s, 
CHP plants have been less viable since 1980. This situation can be explained by: 

 
• Several new nuclear power plants went into operation in the early 1980’s. 

Together with existing hydropower generation, these nuclear plants gave less 
space for CHP in the national electricity balance. 

• Fuel oil became an expensive fuel in the existing CHP plants after the second 
international oil crisis in 1979/1980. 

• The Swedish energy tax legislation for fossil fuels from 1957 never recog-
nised heat from CHP plants as waste heat from thermal power generation. 
Fossil fuels used in CHP plants were proportionally allocated to electricity 
and heat. The heat side of the fossil CHP was taxed as if the fuel had been 
used in heat-only boilers. The electricity side was untaxed as all fuel used in 
condensing plants. Hence, the energy tax legislation neutralised the natural 
market advantage for CHP plants created by the second law of thermody-
namics. This institutional error, with respect to basic thermodynamics, was 
later reduced in 2004. 

 
Despite these market barriers, the district heating industry always kept high expecta-

tions of future use of CHP plants. These expectations are summarised in Figure 4 and 
can be compared with the actual outcome of electricity generated in CHP plants. 

During the last 15 years, the conditions for Swedish CHP plants have been improved 
for several reasons: 

 
• The Swedish electricity market has merged into an integrated electricity 

market in Northern Europe with respect to generation, consumption, and 
trading. The Swedish electricity balance is no longer a restriction for the 
amount of electricity generated in Swedish CHP plants. This new situation 
was confirmed when the first European electricity directive came into force 
on February 19, 1999. Together with the European Trading System for CO2 
emissions introduced in 2005, the general market conditions for CHP plants 
have become more harmonised in Europe. 

• New biomass CHP plants were awarded investment grants through two gov-
ernmental energy policy programmes introduced in 1991 and 1997. 

• A new long-term green certificate system was introduced in Sweden in May 
2003 in order to provide market support for new non-fossil power generation, 
also giving long-term support for biomass CHP plants. 
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• Fossil CHP plants were given energy tax advantages in 2004 by a revision of 
the Swedish energy tax legislation. By this change, efficient gas combined 
cycle CHP plants became more competitive in Sweden. 

 

Sweden: Electricity generation from CHP plants connected to district 
heating systems - potentials, forecasts, and outcome
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Figure 4. Various estimations of potentials and forecasts compared with the actual outcome for 

electricity generated in CHP plants connected to district heating systems. 

 
Due to these new more favourable conditions, several small and medium-sized CHP 

plants have been established since 1990. With these new CHP conditions, the national 
forecast is that more and larger CHP plants will be connected to district heating sys-
tems. Hence, much of the current use of biomass in heat-only boilers will move to new 
biomass CHP plants. The total electrical capacity in CHP in conjunction with district 
heating was 3134 MW at the end of 2008. Sweden will then leave its unique European 
position of a low share of CHP heat in district heat generated. From a European point of 
view, a competitive alternative for new CHP plants is to locate them in connection to 
existing Swedish district heating systems. 

Carbon dioxide emissions 
The carbon lean energy supply introduced during the last 30 years has reduced the 

carbon dioxide emissions considerably for the Swedish district heating sector. With the 
combination of a high market share for district heat, this reduction is also significant for 
the national carbon dioxide emissions. The district heating systems share this position 
with the low carbon dioxide emissions from power generation in Sweden. 

The development of carbon dioxide emissions for the Swedish district heating sector 
including the connected CHP plants is presented in Figure 5. In the estimations, the fos-
sil part of the waste and the fossil-based transportation of biomass have been consid-
ered. The electricity generated in CHP plants or used for internal purposes have been 
valued with gas combined cycle condensing emissions, in order to reflect the long-term 
replacement of marginal electricity generation. With this assessment method, the cur-
rent market benefits of CHP plants are shared between the electricity and heat sides. 
The actual emissions were 50 kg CO2 per MWh heat for the Swedish district heating 
systems during 2008 according to Figure 5. 
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Sweden: Specific carbon dioxide emissions 
for heat generated in district heating systems 
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Figure 5. Development of specific carbon dioxide emissions for the Swedish district heating sec-

tor with three different methods for assessing the carbon dioxide emissions for electricity generated 
and used. Corresponding carbon dioxide emissions for heat generated from fuel oil and natural gas 
added for comparison. 

For comparison, the emissions from heat generated by natural gas and fuel oil are in-
cluded in the diagram, since these two fuels dominate the energy supply for space heat-
ing in most European urban areas. The effective specific carbon dioxide emission is 274 
kg CO2 per MWh heat for these two fuels together, when weighting with use. Hence, 
the carbon dioxide emissions in the Swedish district heating sector were 82% lower. 
Since the EU commitment in the Kyoto protocol is a reduction of 8%, one can express 
the current situation for the Swedish district heating systems as they have already in 
2008 fulfilled a reduction corresponding to 10 times the European carbon dioxide re-
duction commitments for 2010. 

The social cost of district heating in Sweden 
Since Sweden has created a market for low carbon heating options by heavy taxation 

of the fossil fuels, the Swedish district heat customers have paid an additional social 
cost. This situation is illustrated in Figure 6 with a cost comparison between fuel oil and 
district heat, since fuel oil was the dominating energy supply for heating before 1980. 

The total heat cost from using fuel oil including the energy and carbon dioxide taxes 
has always been higher than the national average district heat price. This has been the 
customer incentive to choose district heat. On the other hand, the district heat price has 
in most years been higher than the import price of fuel oil, excl taxes. This has given an 
additional social cost for Sweden for using district heat. For the period of 1980-2008, 
the cost of using fuel oil instead of district heat would have been 456 billion SEK. The 
corresponding actual cost for untaxed district heat was 501 billion SEK. The additional 
social cost for 1980-2008 can then be estimated to 44 billion SEK or only 10 % com-
pared to the alternative use of imported fuel oil. The difference can also be expressed as 
40 SEK/MWh or 1.1 EUR/GJ. But the actual social cost is somewhat lower, since prof-
its in the district heating companies have been accepted as costs in the estimation. 
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Sweden: Comparison between heat costs from use of 
A: Light fuel oil (incl taxes, excl VAT, and 80 % conversion efficiency) 

and B: National average district heat price (in the cost level of 2009)
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Figure 6. Comparison of heat costs from using fuel oil and using district heat. 

The figure also reveals that no additional social cost has appeared since 2004, due to 
high international oil prices. Hence, high future oil prices will create a considerable na-
tional economic benefit by using district heat. The added values from the use of district 
heat in Sweden have been considerable lower carbon dioxide emissions and higher se-
curity of supply, since more domestic energy resources are used today. 

Conclusions 
The main conclusions from the development of the Swedish district heating sector 

during the last 30 years are with respect to the market position, the CHP situation, and 
the carbon dioxide emissions: 

 
• It is possible to achieve high national market shares for district heating in ur-

ban areas during 30 years. 
• National policy programmes for oil substitution and lower carbon dioxide 

emissions have supported this high market share of district heat in Sweden. 
• The current market position for Swedish district heat has been achieved 

without support from solely fossil CHP, but from a diversified basket of heat 
from waste incineration, industrial surplus heat, biomass, and some fossil 
CHP. 

• The Swedish district heat situation shows that district heating is a possible 
and convenient method for introducing biomass for space heating in heat 
dense urban areas. 

• The carbon dioxide emissions for Swedish urban areas are about 80% lower 
than the European average use of fuel oil and natural gas for heating. Sweden 
is a real existing example of that district heating is a viable method for reduc-
tion of carbon dioxide emissions in Europe. 

• The Swedish district heat prices are comparable with the district heat prices 
in other countries as Germany, Netherlands, Austria, Norway, and Switzer-
land according to [2], while the district heat prices are higher in Denmark 
and Italy. Hence, the Swedish district heat customers do not pay more than 
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customers in other countries in order to obtain the general benefits with low 
carbon district heating. 

• The additional social cost for using district heat in Sweden between 1980 and 
2008 was only 10 % compared to the heat cost for untaxed imported fuel oil. 

 
This paper has been concentrated on the market position for district heating in Swe-

den, the CHP situation, and the corresponding emissions of carbon dioxide. Other inter-
esting subjects as customer interactions, ownership changes, price elasticity, specific 
heat demands, technology development, distribution network extensions, sparse district 
heating, and future challenges have not been considered. 
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