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Abstract: This study attempts at identifying the environmental impacts of energy taxation. As an attempt to 
correct market failures, carbon, energy or carbon dioxide taxes are commonly expected to drive reductions in 
energy consumption, greenhouse gas emissions and changes in the energy mix towards less carbon 
intensive sources. However, the effect of the introduction of the tax alone is not straightforward due to its 
complex design, changes over time and the existence of other instruments in place that have the same 
objectives. 
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1. Introduction 
This paper attempts to determine the environmental impacts of energy taxes in Europe, 
with focus on four European countries: Slovenia, Germany, Sweden and Denmark.  
Energy, carbon or carbon dioxide (CO2) taxes aim at correcting the externality of 
greenhouse gas (GHG) production by establishing a carbon price for industries. When 
designing the tax and setting the environmental objectives, there are four expected 
impacts from carbon taxation: decrease in GHG emissions, reductions in energy 
consumption, increase in energy efficiency and increase in renewable sources. Whether or 
not the energy and carbon taxes achieve their objectives is what this paper attempts to 
answer.  
Few ex-post assessments of carbon and energy taxes have been conducted since many 
are the factors that drive the environmental impacts. The COMETR research project 
modeled the environmental, economic and employment impacts from past environmental 
tax reform (ETR) and found modest but encouraging results. Other reports have been 
published to overview the impacts on GHG emissions, energy consumption, efficiency and 
intensity, as well as changes in the energy mix as a result of carbon taxes.  
This study will infer on expected impacts from the theory on environmental taxes on 
carbon, summarize past findings and present an overall result of the progress made. 
  
2. Concept of Environmental taxes and ETR 
Market-based instruments (MBIs) are implemented to address the market failure created 
by environmental externalities. An externality is present if individual A’s welfare or utility 
function depends on variables that are chosen by individual B, who disregards the impacts 
of his choice on individual A. This implies that resources are not optimally allocated 
(Baumol & Oates, 1988). 
Among MBIs, taxes and charges impose the cost of production or consumption on 
economic activities or products (IEEP, 2012). The Pigouvian tax is a charged imposed per 
unit of “bads” produced equal to the marginal damage to the victims of the bad. A 
Pigouvian tax provides the right incentive to the supplier of the externality while being 
charged at zero level to the consumer, but it remains an ineffective solution compared with 
voluntary negotiations (Baumol & Oates, 1988). 
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An environmental tax increases the price of the bad to reflect the true burden to the 
environment, thus internalizing the environmental harm into the market price. This 
influences consumer and business decisions (IEEP, 2012). 
Environmental tax reform (ETR) is typically understood as the change from conventional 
taxes, such as labour and capital taxes, to environmental taxes, on resource use or 
environmental pollution. Revenue-recycling refers to the reduction of revenues from labour 
or capital taxes to counter the adverse effects of green taxes (Andersen et al., 2007). ETR 
can lead to both positive environmental impacts and economic and social improvements, 
but not without political resistance (Vivid Economics, 2012). 
Energy taxes can be interpreted as taxes on electricity (taxed per MhW) and on energy 
products (e.g. diesel, oil, natural gas, coal; taxed per litter), among others. The taxes on 
energy products can take into consideration carbon content of the fuel (i.e. higher rates for 
fuels with greater carbon content).  
The focus of this study will be CO2 and carbon taxes. A carbon tax specifies a rate to each 
fuel depending on their carbon content on substances such as coal, natural gas, and 
others (e.g. Finland) (Lin & Li, 2011). A CO2 tax defines its rate per ton of CO2 emitted 
(Baranzini, Goldemberg, & Speck, 2000). Finally, an energy tax is specified depending on 
energy content (measured in barrels of oil equivalent or in British thermal units) (e.g. 
Germany) (Baranzini, Goldemberg, & Speck, 2000). 
A carbon dioxide (CO2) tax is a cost-effective measure, usually affecting the industries not 
covered by an emissions trading scheme (e.g. the EU ETS), to avoid extra burden (Vivid 
Economics, 2012; Hammar & Åkerfeldt, 2011).  
The negative impacts of ETR on competitiveness, particularly for energy intensive 
industries, have been the main reason for grating exemptions (Withana et al., 2013a).  
These can cause distorts to the desired impacts of taxation and fair competition (Andersen 
et al., 2007). Exemptions cause inefficiency, because GHG emissions will not be reduced 
where the marginal cost is lower. In economic theory, companies with high marginal costs 
of reducing emissions would be willing to pay to exempted industries to have the GHG 
emissions allocated to those companies. Exemptions can be phased out over time (e.g. 
Sweden) or partly attributed (as a reduced rate) (Withana et al., 2013a). 
Carbon or energy taxes are regressive, i.e. low-income or disadvantaged groups have a 
larger burden than higher income groups (Vivid Economics, 2012). Various revenue 
recycling strategies and good tax design can be used to phase out this negative impact 
(Vivid Economics, 2012). 
The use of revenues is a key issue: whether these are re-directed into the general state 
budget, to offset loss of revenue from labour or capital tax reductions (i.e. recycling said 
revenues), earmarked for environmental expenditure or to help with fiscal consolidation. If 
raised revenues are used to reduce other tax burdens, then environmental tax reform 
(ETR) can generate double dividend (Andersen et al., 2007; Baranzini, Goldemberg, & 
Speck, 2000): reduction of environmental impacts (e.g. GHG emissions) and attaining 
economic, social or other objectives (Withana et al., 2013a). 
Revenues from carbon and energy taxes are likely to shrink as the taxable activity reduces 
its production of the environmental bad. To promote stable revenues over time tax rates 
can be indexed to inflation or the tax base can be broadened (Withana et al., 2013a). 
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3. Methodology and Environmental Impacts 
This paper will perform an ex-post evaluation of implemented carbon taxes in 4 countries 
to infer on their environmental impacts. Ex ante evaluation requires comparing two 
situations (with and without the tax) to infer on the tax’s impacts (Withana et al., 2013a). 
Ex post evaluation is the analysis of a policy after a certain period has passed to be able to 
infer on the observed impacts. 
Decoupling is commonly understood as the separation between environment impacts and 
economic activity or prosperity. This means that the amount of resources used would be 
reduced in relation to economic output. Relative decoupling means simply an increase of 
resource productivity with no necessary reduction of the environmental parameter. 
Absolute decoupling implies a reduction of resource use in absolute terms and positive 
economic growth. Finally, impact decoupling refers to a stable or increasing level of 
economic activity while reducing environmental impacts, and not resources (e.g. CO2 
emissions) (OECD, 2002; UNEP, 2011; UNEP, 2013). 

Carbon taxes reduce energy consumption, improve energy efficiency (or lower energy 
intensity) and promote renewable energy use (Lin & Li, 2011). ETR and carbon taxes, if 
well designed, are expected to impact the environment in several ways, among which:  
Reduced energy and specifically fossil fuel consumption due to the increased price on 
carbon caused by the tax (Andersen, 2010; Withana et al., 2013a). Fossil fuel 
consumption is affected by carbon and energy taxes (e.g. British Columbia consumption of 
petroleum fuels). The COMETR found that in six countries fuel demand decreased 
between 2 to 6% (Withana et al., 2013a). An increase by 10% of the price of energy 
should reduce energy demand by 3.5 - 4.4% (Withana et al., 2013a) 
As a consequence of reduced fuel consumption, there seems to have been an increase in 
renewable energies (Withana et al., 2013a), as fuels with high carbon content are 
substituted fuels with lower carbon content taxed at lower rates. These two points imply 
that carbon taxes can foster a change in the national energy mix. The Norwegian 
emissions of CO2 increased by 19 percent from 1990 to 1999. This growth is significantly 
lower than the GDP growth of 35 percent. In other words, average emissions per unit GDP 
was reduced by 16 percent over the period. We find that the most important reduction 
factors are more efficient use of energy and a substitution towards less carbon intensive 
energy (Bruvoll & Larsen, 2004). 
Increased energy efficiency (Withana et al., 2013a; Andersen, 2010), as the energy 
intensity of countries that have introduced the tax has decreased over the last forty years. 
Reductions in CO2 emissions (Withana et al., 2013a; Andersen, 2010). Overall, CO2 
emissions have been prevented up to 1 per cent yearly due to energy taxes. In Denmark, 
CO2 emissions decreased around 24% in 10 years; in Sweden, CO2 emissions decreased 
12.6% in 2008 compared with 1990 levels; in Finland, carbon taxes reduced emissions by 
7% in 8 years (Withana et al., 2013a). The COMETR project analyzed the environmental 
impacts of carbon-energy taxation (Andersen, 2010). The study found that the higher the 
tax rate, the larger the GHG emission reductions, with Finland and Sweden having had the 
most notable impacts (Andersen et al., 2007). Lin and Li (2011) estimated the effects of 
carbon taxation using the method of difference-in-difference. The authors found that the 
Finnish carbon tax lead to a reduction in CO2 emissions which is significant, while the 
reduction of emissions in Denmark, Sweden and Netherlands is not significant (Lin & Li, 
2011). Bruvoll and Larsen (2004) found that the environmental effects of CO2 taxes in 
Norway were modest over 10 years, as these are amongst the highest in the world. The 
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reduction in emissions due to the carbon tax was around only 2.3% (Bruvoll & Larsen, 
2004). 
The Commission’s impact assessment (1997) (Kouvaritakis, Paroussos, & van 
Regemorter, 2003) following the proposal on energy tax used an EU-wide general 
equilibrium model to measure the impacts of a 15€ per ton tax on CO2. The study found a 
potential decreased of 1% of energy consumption for the EU and a reduction of CO2 
emissions in the EU of 2,7% by 2010 (Kouvaritakis, Paroussos, & van Regemorter, 2003). 
For the carbon tax to be environmentally effective, energy demand has to be relatively 
sensitive to price changes (i.e. not inelastic) (Baranzini, Goldemberg, & Speck, 2000). 
Enevoldsen et al. (2007) (as quoted in Baranzini & Carattini, 2013) found that for 
Denmark, Norway and Sweden energy inputs are quite sensitive to carbon prices (price 
elasticity ranges between −0.42 and −0.62). Thus carbon taxes are likely to affect the 
energy mix, but also decrease energy consumption (Baranzini & Carattini, 2013). 
Given the overview of this chapter, one can say that carbon taxes have environmental 
impacts through two channels: absolute reduction in GHG (mostly CO2) emissions, as 
energy efficiency improves, and changes in the energy mix, from high carbon to low 
carbon content fuels. Other positive environmental impacts may include improvement of 
local air quality (Baranzini, Goldemberg, & Speck, 2000). 
Although not the focus of this paper, other economic impacts may include: 
Encouraging innovation/investment (Andersen et al., 2007; Withana et al., 2013a)  and 
long-term competitiveness (Withana et al., 2013a), as firms make decisions as a response 
to higher energy prices. In the short-term, competitiveness may be negatively affected, but 
the production of higher-quality output with lead to improved long-term competitiveness 
(Andersen et al., 2007). 
Improved fuel security and balance of payments, since fossil fuel demand decreases (e.g. 
Finland) (Withana et al., 2013a). 

 
4. European case studies and its impacts 
Four case studies were chosen as illustrations of the environmental assessment of carbon 
taxes. As referred to above, the two areas assessed will be the evolution of GHG/CO2 
emissions and changes in energy efficiency, as well as changes in the energy mix, 
expectedly from high carbon to low carbon content fuels.  
The countries surveyed were chosen to have a sample of taxed implemented long enough 
to be able to assess their impacts (in the 1990s). The Scandinavian countries (Denmark 
and Sweden) are generally frontrunners in what concerns environmental taxation, Slovenia 
was the first eastern European country to implement a carbon tax and Germany has a very 
energy-intensive economy.  
The CO2 tax in Denmark was introduced in 1992 on energy products (household and 
industry) (Fedrigo-Fazio et al., 2013). The tax was implemented in the context of the 
“green tax reform”, with revenues being used to reduce labour related taxes. The ETR 
aims at reducing social security contributions, as well as subsidizing energy efficiency 
investments (Withana et al., 2013b). 
Apart from the CO2 tax, an energy tax is also in place that covers fossil fuels (bottled gas, 
fuel oil, gas oil, coal, electricity and natural gas). It was introduced in 1977 and energy tax 
rates have been indexed to inflation since 2008 (Withana et al., 2013b). 
The CO2 tax covers oil, coal, gas and electricity, it applies to industries not covered by the 
EU ETS and the tax rate depends on the carbon content of the fuel (Withana et al., 
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2013b). It was initially set at €13.4, it stayed constant until 2005 and was reduced then to 
€12.1 per ton (Vivid Economics, 2012); in 2008 it was raised to 20€ and by 2012, it was of 
€21.3 per ton of CO2 (Fedrigo-Fazio et al., 2013; Withana et al., 2013b; Lindhjem et al., 
2009). Revenues from energy taxes increased from 32 987 million DKK in 2000 to 42 039 
million DKK in 2011, of which revenues from the CO2 tax are €650 million (Withana et al., 
2013b). 
The objective of the CO2 tax is to reduce GHG emissions by 25% (2005) and by 21% 
(2008-2012) compared with 1990 (Withana et al., 2013b), as well as to encourage energy 
efficiency and promote the use of renewable energies. The group of exempted industries 
has changed over time and are given on the condition that energy efficiency measures are 
taken (Fedrigo-Fazio et al., 2013). 
On average, the energy price elasticity is -0.44 (Withana et al., 2013b). Accordingly, since 
1990, energy efficiency has significantly improved (11.2% in the period 2000-2010), CO2 
emissions of the Danish industry decreased by 25% in 7 years following the tax 
introduction, and overall GHG emissions have been decreasing since 1996; current 
emissions are 10% below their 1990 levels.  
Energy taxes in Germany were increased in 1999 as part of the ‘ecological tax reform’ 
from 1999 to 2003 (Vivid Economics, 2012; Andersen, 2010). These cover gasoline, 
diesel, domestic fuel oil, gas and coal and included the introduction of an electricity tax 
(Fedrigo-Fazio et al., 2013; Withana et al., 2013b).  
The ETR had as its objectives to promote efficient use of energy and use of renewable 
energy sources and reduce social security contributions and increase employment 
(Withana et al., 2013b). The tax rate is based on quantity, thus not accounting for CO2 
content or energy intensity of the fuel (Withana et al., 2013b). 
In 2003, the revenues of the ETR amounted to €18.6 billion. Due to the unchanged rates 
since 2003 the revenues have decreased as a percentage of GDP. The major share of the 
revenue was used to decrease social security contributions, as well as to promote 
renewable energy (Vivid Economics, 2012; Withana et al., 2013b). 

Overall, the tax lead to positive environmental and economic impacts, with the transport 
sector with the highest reductions in fuel consumption (5% reduction) (Vivid Economics, 
2012; Withana et al., 2013b). Energy intensity decreased from 8.7 in 1990 to 6.2 in 2010 
(Fedrigo-Fazio et al., 2013). Energy consumption also decreased by 24% from 1990 to 
2003 (Fedrigo-Fazio et al., 2013). However, the exemptions granted for manufacturing and 
energy-intensive industries limited the effectiveness of the environmental impact potential 
(Withana et al., 2013b). 
Slovenia was the first country in the central and Eastern Europe to implement a carbon tax 
in 1997. The tax rate was initially set at 1000SIT or €4.2 per tonne of CO2 emitted but it 
was raised in 1998 to 3000SIT per tonne, having since remained unchanged at 14.4 EUR/t 
CO2 (OECD, 2014). 
The tax is applied to energy products, depending on their carbon content (Vivid 
Economics, 2012; Malý et al., 2002). Revenues raised were around 77.5 Million EUR in 
1999, but these have fallen until 2007, stabilising until 2011 at 30 Million EUR (OECD, 
2014). Revenues from carbon dioxide taxes were projected to fund environmental projects 
to carbon-reduction projects, mainly the modernization of power plants (United Nations, 
2014). Since the introduction of the tax, six new Combined Heat and Power units with a 
capacity of 17.1 MWe were installed (IEEP, 2012). 
Under the Kyoto protocol, Slovenia’s commitment is to reduce GHG emissions by 8% 
compared to 1990 levels (Malý et al., 2002). Consistently, the objective of the tax is to 
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lower greenhouse gas emissions and reduce consumption of non-renewable energy 
products (United Nations, 2014). 
However, success of the tax is questionable since the carbon tax did not increase fuel 
taxes at a level that can induce change (United Nations, 2014). Renewable energies were 
installed at a modest rate, GHG emissions did not decrease significantly nor did energy 
efficiency improve.  
Until 2008, companies could opt for voluntary agreements to reduce their GHG emissions 
and until 2005 partial tax reliefs were available with no commitments to reduce GHG 
emissions. The exemptions undermine the effectiveness of the carbon tax, jointly with 
Slovenia’s access to nuclear and hydropower (IEEP, 2012; United Nations, 2014). 

Sweden’s CO2 tax was introduced in 1991 at a rate of €23/ton simultaneously with a 
reduction of the income tax (Vivid Economics, 2012). The objectives of the ETR mostly 
concerned tax shifting but with the CO2 tax, environmental protection gained greater focus 
(Withana et al., 2013b). The CO2 tax aims at reducing fossil fuel consumption and CO2 
emissions from sectors not covered by the EU ETS, raising revenues, and stimulating 
energy efficiency (Hammar & Åkerfeldt, 2011). 
Energy taxes in Sweden were introduced as soon as 1917: for example, petrol taxes 
(1917), diesel (1937) and electricity (1950) (Vivid Economics, 2012; Hammar & Åkerfeldt, 
2011). The CO2 tax also covers mineral oils, petrol and diesel, natural gas and LPG, coal 
and coke, as well as crude pine oil for energy purposes (Lindhjem et al., 2009). 
Since 1991, the tax rate has changed several times, almost yearly. In 2001, it increased to 
€57 per tone and it would reach €100 six years later. In 2008, the CO2 tax rate increased 
to €110 per ton (Vivid Economics, 2012; Hammar & Åkerfeldt, 2011). The current general 
CO2 tax corresponds to 1.05 SEK per kg CO2 (114 € per ton) (Hammar & Åkerfeldt, 
2011). Since 1995, energy taxes have been linked to the consumer price index (Andersen 
et al., 2007; Withana et al., 2013b). 

As a result of the changing tax rate, revenues raised from the tax have been increasing 
over time: it grew from €2,969 million in 2006 to €3,044 million in 2011. Revenues from the 
CO2 and energy taxes are used to offset the reduction of income tax rates (Withana et al., 
2013b). 
The CO2 and energy tax have driven significant positive environmental impacts (Vivid 
Economics, 2012). GHG emissions have decreased while the economy has grown growth: 
a 12.6% reduction in 20 years. Energy consumption has remained stable as energy 
efficiency and economic indicators improve (Withana et al., 2013b). Household and 
service sectors and district heating production are the sectors with most notable changes 
and where there is full CO2 tax application (Hammar & Åkerfeldt, 2011). 
 
4.1. Decoupling Analysis 
The figures represent energy consumption, GHG emissions and Gross domestic 
consumption for the 4 countries chosen. It is important to notice that the impact of the 
energy tax also depends on the initial weight of renewable sources in energy production.  
All countries show an increasing trend of economic growth. Overall, energy consumption 
stayed stable after the introduction of the taxes overviewed, while GHG emissions in 
Denmark, Germany and Sweden appears to have been reduced, especially in recent 
years. In summary, relative decoupling seems to have been achieved for all countries of 
energy consumption from economic growth, while only Denmark, Germany and Sweden 
appear to have achieved absolute decoupling of GHG emissions from economic growth.  
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For the four countries under analysis, the taxes were introduced in the following order: in 
Sweden (1991), Denmark (1992), Slovenia (1997) and an increase in energy taxes in 
Germany (1999). No apparent reductions in the environmental indicators are visible upon 
introduction of the tax.  
 
Figure 1 Evolution of environmental and economic indicators 
Denmark Germany 

 

Slovenia Sweden 

 

Source: Eurostat Annual Energy Statistics 
(http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database) 

 
4.2. Changes in the energy mix 
Data from Eurostat was collected, from 1990 to 2012, for energy consumption depending 
on energy product. The categories of coal also include gases manufactured from coal, 
associated gases, peat and coke, among others; oil includes Crude oil, natural gas liquids, 
hydrocarbons, ethane, liquefied petroleum gases, and others. 
Generally, the weight of renewable in the energy mix has increased, while fossil fuel 
consumption has decreased, especially in Germany and Denmark since 1990. Indeed, in 
general terms, there has been a shift from high carbon content fuels to low carbon fuels.  
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Figure 2 Composition across time of the energy mix for the 4 countries in the analysis 

Denmark Germany 

 
Slovenia Sweden 

 
Source: Eurostat Annual Energy Statistics 
(http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database) 

 
5. Concluding Remarks and Analysis 
Many tax design characteristics influence the effectiveness of the tax: tax rate, its evolution 
over time, exemptions in place, use of revenues and others (Withana et al., 2013a; 
Baranzini, Goldemberg, & Speck, 2000). According to Withana et al. (2013a), an ETR 
should envision an expanding tax base with initially partial exemptions and a consistent 
increase of the tax rate (e.g. being indexed to inflation). 
Finding the environmental effects of energy, carbon or CO2 taxes is a complex task. 
Despite having certain expected effects and clear environmental objectives it is difficult to 
isolate the effect of the introduction of the tax or of tax raises on the environmental 
indicators surveyed.  
The complexity of the tax implementation (various exemptions, unclear documentation, 
etc.) makes it difficult to determine the effects of the tax. Moreover, the taxes are 
commonly introduced in an ETR package or under a broader policy mix (that includes 
other instruments, such as voluntary or regulatory instruments). It is not surprising if it is 
the combination of the instruments or measure in an ETR that achieve the expected 
results (e.g. Denmark) rather than the tax alone.  
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Indeed, three of the analyzed countries (Denmark, Sweden and Germany) show a 
reduction of the overall level of GHG emissions, but it seems to be a gradual process in 
which the policy mix was improved over time and not only as a result of the energy tax.  
Exemptions granted to the industries that have the lowest marginal cost to reduce 
emissions undermine the effectiveness of energy taxes (e.g. Germany) (Withana et al., 
2013a; Baranzini & Carattini, 2013; Lin & Li, 2011). 

Moreover, tax rates are generally set at a lower level that optimal, thus improvements in 
environmental indicators are generally smaller than expected (Vivid Economics, 2012). 
Countries with higher tax rates seem to have the highest reductions in emissions and 
energy consumption (Andersen, 2010). A level of around €30-40 per ton of CO2 would be 
necessary to reduce GHG emissions (Andersen, 2010). 
As illustrated in the case of Slovenia, a constant tax rate across time means that the 
revenues raised will decrease over time, as CO2 emissions taxed decrease. To ensure a 
stable source of supply, tax rates can be indexed to economic indicators, the tax base can 
be broadened over time and exemptions can be reduced (Withana et al., 2013a; Baranzini, 
Goldemberg, & Speck, 2000). 

There is thus room for improvement when designing the energy or carbon tax to ensure 
that the environmental objectives are not undermined.  
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