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Abstract 
This paper reviews and analyzes how Sweden became a leader concerning low carbon emissions, 
by using economical incentives, investments in new technologies and work to form international 
collaborations. The lessons from the Swedish case may be used by other countries and regions to be 
better able to achieve results from policy initiatives. 
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Introduction 
Climate change is one of the greatest challenges faced by today’s society. With more evidence from 
scientists, the need to manage greenhouse gas emissions has been increasing in response to 
international climate change negotiations. With the aid of the Kyoto Protocol’s entry into force in 
February 2005, more efforts on greenhouse gas emission reduction can be expected from nations. It 
is possible to limit the impact on the climate through an active climate policy integrated within the 
entire community. Thus, it is of great interest to know how reductions in emissions can be made 
through various policy instruments. 
 
Sweden is a European country and a member of the Organization for Economic Co-operation and 
Development (OECD). Concerning greenhouse gas emission, Sweden has relatively low emissions 
per capita, with 5.98 tonnes of CO2 - [1]. This is due to the fact that Sweden has reduced its 
emissions greatly before 1990. Ever since the first oil crisis in 1973, Sweden has been working to 
become less dependent on oil. Already at that point, the vision was to replace as much oil-based 
energy as possible with renewable energy. Even if the renewable energy development at that time 
was relatively low, Sweden has still been a world leader in changing oil into non-fossil fuels and 
thus getting greenhouse gas emission reductions. Consequently, Sweden became entitled to increase 
its emissions by up to four per cent according to the Kyoto Protocol. However, the Swedish 
government has adopted a more stringent target, seeking instead to reduce emissions by four 
percent from 1990 levels by 2012, and by 40 per cent by 2050. Government policy (or lack thereof) 
can a have tremendous effect on activities in new fields. Sweden is therefore interesting to study as 
a “success case”, in terms of that Swedish policy clearly has provided results. By drawing lessons 
from the Swedish case, other countries and regions may be better able to get results from their 
policy initiatives.  
 
The paper uses official statistics and official government reports to describe the policy initiatives 
carried out in Sweden. Swedish activities to reduce greenhouse gas emission (mainly focused on 
CO2) are reviewed and analysed. This includes policy initiatives in three areas, namely economical 
incentives, investments in new technology and work to form international collaborations. Some 
suggestions to further greenhouse gas emission reduction in Sweden are presented as well.  
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Trends in greenhouse gas emissions 
In 1990, total greenhouse gas emissions in Sweden were 72.3 million tonnes. Since then, the 
emissions have been further reduced. The emission statistics show that total emissions of 
greenhouse gas were consistently below 1990 levels during 1999-2003. In 2003, the emissions have 
fallen by 2.3 per cent or approximately 1.7 million tonnes. This study focuses only on carbon 
dioxide (CO2) emissions. The reason is to limit the study’s scope without losing too much relevance 
since CO2 are by far the largest subgroup among the greenhouse gases. 
 
In 2003, the total emissions of CO2 in Sweden were 56 million tonnes, as shown in Figure 1. The 
energy, industry and transport sectors are the largest sources of CO2 emissions, representing 91 per 
cent of the total emissions. The remaining nine per cent come from industrial processes and fugitive 
emission from fuels. Regarding the emission reduction during the period 1990-2003, it appears that 
the greatest reductions have taken place in the residential and service sectors. Emissions from the 
transport sector, and also from electricity and district heating have increased somewhat. However, 
emissions from the industry stayed constant. Figure 1 also shows the removal from land-use change 
and forestry sector. The removal indicates a fluctuating increasing tendency since 1990, 
contributing to CO2 emission reduction.  
 
An increase in emissions occurs between 2002 and 2003, which is mainly due to higher emissions 
from the energy sector. 2003 was a dry year, making the energy generation from the hydro power 
lower than usual. As a result, energy was instead generated from fossil fuels.  
 
The economic development is often reflected by the energy consumption, the latter sometimes 
relates to the CO2 emissions. Therefore, it is of interest to compare the emission trends with the 
economic development during the same period. As shown in Figure 1, growth in GDP was on 
average 1.8 per cent during 1990-2003. GDP fell in the early 1990s but since 1994 has grown by an 
average of three per cent. This shows that total greenhouse gas emissions have not increased as a 
result of increased GDP growth in Sweden during the same period; instead, emissions overall are 
decoupled from growth.  
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Figure 1 Total CO2 emissions in Sweden from different sectors (left) - [2]; GDP trends per capita (right) - 

[3]. (Exchange rate: 1SEK = 0.1059 €). 
 
Swedish institutions regarding the emission reduction 
Emission reduction needs the participation of the entire community. This applies to both national 
and local authorities but perhaps mostly to business enterprises, non-governmental organisations 
and the individual citizen. The policy instruments used for the emission reduction will not have an 
effect if these actors outside government do not change. However, as responsible for policy making, 
the authorities are able to influence the actors and are thus important actors themselves in this 
process. In Sweden, many authorities have been engaged in GHG reduction. See Table 1 for an 
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overview of the most important authorities and their targets in relation to reduction of GHG 
emission. 
 
Table 1 Swedish institutions acting in the emission reduction process - [4]. 

Authorities Targets 
The Swedish Research 
Council for Environment, 
agricultural Sciences and 
Spatial Planning (Formas) 

Support scientifically significant research related to sustainable 
development (the environment and agricultural sciences). 

The Swedish Environmental 
Protection Agency 

Evaluate the environmental situation, implement environmental 
policy decisions, disseminate information, and follow up the 
environmental situation. 

Swedish Sustainability 
Council 

Reports environmental effects, best practice, research findings. 
Increases co-operation between administration, science and 
industry. 

The Swedish National Water 
Supply and Sewage Tribunal 

Deals with cases under the Act concerning public heating 
systems. 

Swedish Energy Agency Works towards transforming the Swedish energy system into an 
ecological and economically sustainable system through guiding 
state capital towards the area of energy. 

Oil Crisis Board Deals with certain compensation matters under the Oil Crisis, in 
agreement on an international energy program, focusing on 
minimising the oil dependency. 

Swedish National Grid Runs the national grid for electric power and responsible for the 
Swedish system of electricity supply, worry to reduce the impact 
on the environment and the GHG emissions. 

The Board of the Swedish 
Nuclear Waste Fund 

Finance future costs for dealing with spent nuclear fuel and other 
radioactive waste. Nuclear is regarded as a clean energy, with 
no-carbon emissions. 

The Swedish Nuclear Power 
Inspectorate (SKI) 

Monitor compliance with the necessary requirements of all 
organisations engaged in nuclear technology operations. 

 
Successful instruments for greenhouse gas reductions 
Sweden has applied policy instruments and measures for climate change mitigation since 1980s. 
The instruments used include economic instruments (such as CO2 tax, subsidies, penalties), 
legislation, voluntary agreements and a dialogue between the state and business enterprise. The 
main instruments are described below. 
 

Carbon dioxide tax instrument 
 
In Sweden, there are so far three different taxes levied on energy products (mainly fossil fuels), 
namely energy tax, sulphur tax and CO2 tax. Energy taxation has been used as a policy instrument 
ever since the oil crisis of the 1970s to support renewable energy and nuclear power. Energy tax 
was reduced by half in 1991 during the tax reform, simultaneously with the introduction of a CO2 
tax on fossil fuels, with exceptions on ethanol, methanol, other biofuels, peat and wastes. 
 
The CO2 tax has doubled since it was introduced, from 0.0265 €/kg-CO2 in 1991 to 0.0593 €/kg-
CO2 in 2001.The CO2 tax in industry remained unchanged. Through this reform, the taxation on 
fossil fuels in district heating systems increased by approximately 30-160 per cent, depending on 
the fuel type used, whereas biofuel remained untaxed. The energy tax on fossil fuels, especially on 
petrol as well as on other oil products, is high and acts therefore as a powerful complement to the 



 4 

carbon tax outside the industrial sector. In total, the tax level increased for fuels used in buildings 
and district heating systems but did not change for other fuels. 
 
The CO2 tax influence on industries has not been so important since the industrial tax level is much 
lower than the tax level in district heating, only a relatively small fraction (30 %) of the energy 
supply to the industry was fossil fuel based when the tax was introduced, the total taxation level on 
fossil fuels in industry was reduced during the 1991 taxation reform, and for most industrial 
companies the energy cost is a relatively small fraction of the total cost and has therefore a low 
priority - [5]. 
 
Between 1980 and 2002, the use of biomass energy in Sweden has increased by 88 per cent. In 2002 
it represented 89 TWh, equivalent to 14 per cent of the total Swedish energy supply, making 
Sweden a world leader in biomass energy use. Biomass use has increased consequently in the 
district heating system in Sweden as shown in Figure 2. 
 

Use of biomass in different sectors
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Figure 2 Use of biomass in different sectors since 1983 (left); Swedish energy supply since 1970 (right) - [2] 
. 
 
Today Sweden is one of the leading district heating countries in the world with an annual heat 
delivery of 40 TWh. On average, every Swede consumes 4 500 kWh of heat per year from the 
district heating system. Moreover biomass-based heat from the district heating system has much 
lower cost than fossil fuels-based heat. The most obvious effect of CO2 tax has been an increased 
use of biomass in the Swedish district heating system - [5]. 
 

Renewable energy certificate system 
 
As one part of the Government’s long-term energy policy to reduce GHG emissions, the Swedish 
government introduced a voluntary international system for trading “green certificates”, i.e. the 
renewable energy certificate system (RECS). With effect from 1st May 2003, RECS intends to 
encourage and increase the proportion of electricity produced from renewable energy sources. This 
will be done by payment of a levy in proportion to certain fraction of their electricity during the 
year. For example, during the first year (2003), users will be required to buy 7.4 per cent of the 
electricity generated from renewable sources - [6]. 
 

Renewable energy subsidies and continuous investment on R&D 
 
Since 1991, Sweden started many programmes to encourage the use of renewable energy and new 
technology development. Table 2 presents different programs, their actions and results. 
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Table 2 Programmes and schemes related to renewable energy subsidies and R&D investment  

Program Target Results 
Energy 
Policy 
programme 

Long and short term programs that focus on 
ways to increase the supply of renewable 
electricity, to reduce electricity consumption, 
and to promote energy efficiency. 

0.9 billion € allocated between 
1997 and 2003; 
223 MW of new combined heat 
and power (CHP) capacity was 
installed. 

Green 
Certificate 
Scheme 

Generators using solar, wind, biomass 
geothermal, wave or small hydro (< 1.5 MW) 
are awarded one certificate for each MWh 
produced, and all consumers are obliged to buy 
green certificates to cover a set proportion of 
their use 

The price was at 6.354 €/MWh 
in 2003, and will fall in future 
years; for consumers who fail to 
buy enough certificates, there is 
a penalty of 25.416 €/MWh. 

Eco-Energy 
Municipality 
Programme 

The responsibility of the municipalities is to 
decide an energy policy, engage in a continuous 
improvement process and carry out measures to 
improve energy efficiency and introduce 
renewable energy sources. 

Increase in renewable energy for 
municipalities. 

Climate 
Investment 
Programme 

The Swedish government supports local 
governments’ investments in technology to 
achieve lower environmental impacts, more 
efficient use of energy and resources and to 
promote the use of renewable resources. 

7700 million SEK granted to 
192 local governments between 
2000 and 2005; an additional 
information campaign will also 
be funded at a level of 3 M€/a; 
the CO2 emissions are expected 
to decrease by 1.7 million 
tonne/a. 

Guaranteed 
Power 
Purchase 
Contracts 

Support small renewable energy projects within 
the liberalised Swedish electricity market. 

Local distribution companies 
must purchase all electricity 
generated by projects of less 
than 1,500 kW within their 
service territories. 

Renewable 
Tax 
Exemption: 
Act 1776 

Small-scaled renewable energy based electricity 
production is partially or totally exempt from 
the energy tax levied on households and the 
service sector. 

Tax benefit of 0.112–2  €/kWh. 

 
International collaboration and carbon trading systems 

 
Sweden also shows its leadership in international cooperation and competence on the climate 
change issues. Sweden actively took part in some international climate policy programs, such as 
Prototype Carbon Funds (PCF) and Activities Implemented Jointly (AIJ). For example, among 156 
AIJ projects in the world, 54 projects are from Sweden. Sweden gained much experience in this 
process which can be helpful for its future international collaboration regarding climate issues. 
Since the approval of the Kyoto Protocol, Sweden shows its interest and enthusiasm on its three 
flexible mechanisms, i.e. jointly implementation (JI), clean development mechanism (CDM) and 
emission trading (ET). Besides these mechanisms, as a European country, Sweden has involved in 
EU emission trading scheme (ETS). All these mechanisms/schemes were set up to help developed 
countries to achieve their reduction targets cost-effectively. A case study has shown that CDM and 
EU ETS will be helpful for Swedish companies to meet their emission allocation targets with a low 
cost - [7] . Further greenhouse gas emission reduction can be anticipated by international 
collaboration and carbon trading systems in Sweden. 
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Public participations 
 
Public participation is quite important in addressing climate change and its effects and developing 
adequate responses. Without the support of the public, it is impossible to implement a new policy 
instrument successfully. For example, one cannot anticipate that bio ethanol and bio diesel could be 
widely consumed without support and understanding from the general population. Therefore, 
information to raise the level of knowledge concerning the climate issue to the public is necessary. 
 
Conclusions and outlook 
It is clear that policy using economical incentives play a strong role in reducing greenhouse gas 
emissions. By taxing fossil fuels rather heavily and refraining from taxing bio fuels, consumers and 
organizations are motivated to shift their preferences and use more bio fuels.  
 
However, without technological development, it might not be economical to use bio fuel anyway. 
Therefore, the investments (on research and development) in new technology related to greenhouse 
gas reduction are also vital. If the work on making the technology useful would lag, pioneer users 
might switch back to fossil fuel and no new users would emerge. It is thus critical to also focus on 
technological developments. 
 
Interestingly, tax income from fossil fuels provides the economical basis for the investments in 
alternative fuels, such as bio fuels. The fossil fuel users thus pay for the development of alternative 
fuels. This strategy has worked well in Sweden although proponents of bio fuels would have liked 
to see a greater rise than the experienced 33 per cent (from 12 per cent of energy supply in 1990 to 
16 per cent in 2002). 
 
An important part of change is getting public awareness. When a new technology is on the verge of 
breakthrough, it is vital that the public has a positive attitude towards it. Otherwise, it might be great 
problems to get companies and/or consumers to invest in these new technologies. If this would 
happen, much of the money spent on development would be wasted. 
 
The work to forge international collaborations is also important for the final result. Without 
international collaborations, it might be impossible to get the desired effects in the longer run. 
Multi-lateral agreements form a basis for long term stability in terms of “ground rules”, which 
facilitates decision making in favour of the new agenda for both commercial companies and 
consumers. 
 
As can be noted, the different aspects of policy making interact, and it is important to see policy 
making as a system of activities that mutually reinforces each other. From this study it seems 
Sweden has managed to do this relatively well. 
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