
 

February 2011
en

ergy strategy 2050

– from coal, oil and gas to green energy

energy strategy 2050

Energy Strategy 2050

– from coal, oil and gas to green energy
February 2011:7

For information about this publication, please contact:
The Danish Ministry of Climate and Energy
Stormgade 2-6
1470 Copenhagen K
Denmark
Telephone: +45 3392 2800
Email: kemin@kemin.dk
www.kemin.dk

ISBN printed publication
978-87-92727-13-8

ISBN electronic publication
978-87-92727-14-5

Cover: BGRAPHIC
Layout/illustrations: Solid Media Solutions
Print: Litotryk København A/S
Number printed: 500 copies

This publication can be downloaded  
and ordered on www.ens.dk  
and via www.kemin.dk the danish government  

February 2011



2

Introduction: From coal, oil and gas to green energy

Energy Strategy 2050 – from coal, oil and gas to green energy. 



3Energy Strategy 2050 – from coal, oil and gas to green energy. 

Content

Preface.......................................................................... 4

Introduction:  
From coal, oil and gas to green energy.......................... 6

Chapter 1 
New challenges and new opportunities  
for energy policy ......................................................... 10

Chapter 2 
A flexible strategy ....................................................... 16

Chapter 3 
Initiatives in the strategy............................................... 28

Chapter 4 
On the way towards fossil fuel independence by 2050  
– effects and benefits of the government’s initiatives ......... 46

Chapter 5 
A fully financed transition ............................................ 56



4

Preface

Energy Strategy 2050 – from coal, oil and gas to green energy. 

Preface

The 20th century was largely driven by access 

to cheap and plentiful coal, oil and gas.  

However, in the 21st century we will have to 

find other means of satisfying our energy needs
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A new era for energy policy 

Energy Strategy 2050 is a huge step towards realising 
the Danish government’s vision of becoming independ-
ent of coal, oil and gas.

In 2010 the Danish Commission on Climate Change 
Policy concluded that transition to a fossil fuel independ-
ent society is a real possibility. Energy Strategy 2050 
builds on this work. 

This strategy is the first of its kind; in Denmark and in the 
rest of the world. The strategy outlines the energy policy 
instruments to transform Denmark into a green sustain-
able society with stable energy supply. The strategy is 
also fully financed, taking full account of Danish competi-
tiveness.

The strategy presents a wide spectrum of new energy 
policy initiatives. These initiatives will already in the short 
term considerably reduce fossil fuel dependence. Just in 
the period up to 2020, the strategy will reduce the use of 
fossil fuels in the energy sector by 33% compared with 
2009. In addition, the strategy will increase the share 
of renewable energy to 33% by 2020 and it will reduce 
primary energy consumption by 6% by 2020 compared 
with 2006 due to a strong focus on energy efficiency 
improvements. 

The government’s goal of making Denmark independent 
of fossil fuels by 2050 is based on the realization that 
the world is facing a new era for energy policy. The 20th 
century was largely driven by access to cheap and plen-
tiful coal, oil and gas. In the 21st century we will have to 
find other means of satisfying our energy needs. 

Within the next 25 years, the world’s total energy con-
sumption is expected to increase by one-third. At global 
level, the increasing pressure on fossil energy resources 
has contributed to an energy race, in which the influence 
and growth opportunities of regions largely depend on 
their access to fossil fuels, with increasing prices and 
uncertainty as a consequence. 

The Danish government does not wish to be part of this 
race. The government’s resolve is only strengthened by 
the fact that much of the world’s fossil energy reserves 
are concentrated in just a few, often politically unstable, 
countries. This combination can have negative con-

sequences, with increased dependence on producing 
countries. Therefore, the transition to green energy is 
also a foreign policy requirement.

In addition to addressing the challenges in a new era of 
energy policy, Energy Strategy 2050 is also Denmark’s 
contribution to curbing global warming. The interna-
tional community has committed to drastic reductions 
in greenhouse gas emissions at international climate 
change conferences in Copenhagen and Cancún. The 
world - and Denmark - can only do this by becoming 
less dependent on fossil fuels. 

Finally, the strategy will bolster Danish growth and 
wealth. The transition will strengthen companies’ oppor-
tunities for innovation and demonstration of new green 
solutions. This will improve the opportunities of Danish 
companies in a rapidly growing global market for energy 
solutions.

The transition to fossil fuel independence is a huge 
task that will fundamentally change Danish society. 
Fortunately, Denmark can draw on many years of solid 
experience. Denmark has a successful track record of 
securing economic growth without energy consumption 
growth. Since 1980, the Danish economy has grown by 
78%, while energy consumption has remained more or 
less constant, and greenhouse gas emissions have been 
reduced.

It is important to emphasise that the Danish transition 
cannot be realised in isolation, independent of the world 
around us. Denmark is not an island – not geographi-
cally and not in the field of energy policy. We need other 
countries – and our European neighbours in particular 
– to move in the same direction. Therefore, the Danish 
government will continue to work for ambitious global 
reduction targets. The government will strive for an EU 
commitment of 30% carbon emission reductions by 
2020. Furthermore, the Danish government is committed 
to working against green protectionism. 

The Danish government’s strategy ensures responsible 
transition to a new era of energy policy. A transition that 
safeguards affordable, stable energy supply, is gentle on 
the public purse, supports the growth potential of Danish 
companies, and protects the leeway in our foreign policy. 

The Danish government, February 2011
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Introduction:  

From coal, oil and gas to green energy

Energy Strategy 2050 fulfils the government’s pledge as set 

forth in its work plan “Denmark 2020”, that it would pre-

sent a target for when Denmark is to become independent 

of fossil fuels, as well as a strategy to meet this target
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The goal of the Danish government is independence 
from coal, oil and gas by 2050. With this move to fossil 
fuel independence, Denmark will also satisfy two other 
important ambitions: 

•	 Denmark will maintain a high security of supply and 
ensure stable, affordable energy supply. Security 
of supply will be a key challenge in a future, where 
the global demand for energy is growing in line with 
population growth and economic growth, and where 
the remaining oil and gas resources will be concen-
trated in few, and often politically unstable, countries.

•	 Denmark will contribute to limiting global climate 
change as agreed in Copenhagen 2009 and in 
Cancún 2010. Therefore, Denmark must contribute 
to meeting the EU objective to reduce greenhouse 
gas emissions in 2050 by 80-95% compared with 
1990 levels. This requires the transition to an econo-
my with low greenhouse gas emissions.

In addition, the government’s strategy for fossil fuel inde-
pendence will help secure and develop the strength of 
Danish companies within the fields of new green energy, 
climate and environmental technology. A stronger cou-
pling between innovation, production and deployment 
will improve companies’ opportunities to take advantage 
of the increasing global demand for green technologies 
in order to create growth and employment.

Energy Strategy 2050 fulfils the government’s pledge 
as set forth in its work plan “Denmark 2020”, that it 
would present a target for when Denmark is to become 
independent of fossil fuels, as well as a strategy to meet 
this target.

At the same time, Energy Strategy 2050 supports and 
meets a number of Denmark’s ambitious targets in the 
climate and energy area in the government’s work plan, 
in the national energy agreement for 2008-2011, and as 
a consequence of the EU climate and energy package 
from 2008.

Figure 0.1. Effects of independence of fossil fuel 

Denmark will maintain a high 
level of energy security of supply

Denmark will contribute its 
share to curbing global warming

Demark will harvest opportunities for green growth and employment

Independence of fossil fuel 
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Box 0.1 The government’s targets underpinned by Energy 
Strategy 2050

Fossil fuels are cheaper than renewables. This will prob-
ably hold true for some time yet. This implies economic 
costs in the transition to fossil fuel independence and will 
ultimately have to be paid by the Danish consumers of 
energy; in other words by companies and private house-
holds. The government therefore believes it is vital that 
the transition takes place as cost-effectively as possible, 
with concern for the long-term viability of public finances, 
the competitiveness of companies and ultimately for 
Danish jobs. 

On the one hand, measures should not be forced 
through with an unnecessarily high expenditure right 
now. On the other hand, the benefits of lower green-
house gas emissions, lower energy consumption, more 
stable fuel costs and less dependence on fossil fuels, 
also have value in the years up to 2050.

Targets in the government’s work plan
•• Denmark is to be a green and sustainable society

•• Denmark is to be among the three countries in the 
world to raise its renewable energy share most by 
2020

•• Denmark is to be among the three most energy-
efficient countries in the OECD by 2020. 

Danish targets arising from the EU climate and 
energy package

•• The share of renewable energy will be increased to 
30% of final energy consumption by 2020 as part 
of an overall EU target of 20% renewable energy by 
2020.

•• The share of renewable energy in the transport sector 
will be 10% by 2020 

•• Emissions in the non-ETS sectors will be reduced 
gradually in 2013-2020 and by 20% by 2020 relative 
to 2005 as part of an overall EU target to reduce 
emissions by 20% by 2020 relative to 1990.  

Targets in the national energy agreement for the 
period 2008-2011

•• In 2020, primary energy consumption will be 4% less 
than in 2006. 

Danish objectives for EU climate and energy 
policy 

•• The government is working for an EU commitment 
to reduce overall emissions of greenhouse gases by 
30% by 2020 relative to the 1990 level. 
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An economically responsible transition to  

fossil fuel independence is important to the 

Danish government

What is implied by independence 
of fossil fuel?

Obviously, any goal reaching almost 40 years into the 
future is associated with uncertainties. Therefore, the 
government’s goal of fossil fuel independence includes 
some flexibility. 

In summary, the government’s goal is a greenhouse gas 
neutral energy sector, which utilises 100% renewables, 
or a combination of renewables and coal/biomass with 
CCS (carbon capture and storage). The goal also entails 
the continued exchange of energy products with other 
countries, so that Denmark continues to exploit all the 

Retaining competitiveness
The transition needs to take the competitiveness of Dan-
ish businesses into account. This requires that compa-
nies know the long-term framework, within which they 
must operate, and that energy costs do not increase 
significantly.

Full utilisation of international frameworks
The transition will make full use of the opportunities of a 
globalised world and of ever closer EU cooperation. The 
goal is not a self-sufficient Denmark. On the contrary, 
Denmark will continue to exploit all the advantages of 
being part of an international energy market.

The strategy will also ensure that the transition does not 
undermine nature or environmental assets. This implies 
for instance, that the infrastructure will take account 
of nature and people’s opportunities to enjoy it. It also 
entails a sustainable use of biomass resources. 

Principles for the transition 
to independence 

An economically responsible transition to fossil fuel 
independence is important to the Danish government. 
This means that the transition will meet the following 
principles: 

A cost effective transition 
The transition will be cost effective, with initiatives provid-
ing maximum security of supply and the highest reduc-
tion in the use of fossil fuels for every DKK of expendi-
ture. This means that focus is not on large-scale use of 
technologies which require high subsidies. Instead, for 
these technologies focus is on research, development 
and demonstration, which in the long term can make 
them competitive, at lower levels of subsidy. 

Minimal impact on public finances 
The distribution of benefits and costs in connection with 
the transition must not burden public finances. There-
fore, the transition is fully financed, with expenditures 
primarily covered by consumers of energy (companies as 
well as households).

advantages of being part of an international energy 
market. For example, developing and participating in the 
European electricity market.

The ambition is also for a renewable energy based 
transport sector. However, in respect of achieving this 
Denmark is dependent on international technologi-
cal developments and therefore has to adapt the level 
of ambition to the future technological and economic 
development. 

Box 2.0 The goal of fossil fuel independence
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1 
New challenges and new opportunities  

for energy policy 

The 21st century will have to be the century  

in which we find new solutions to satisfy the 

demand for energy services, i.e. lighting,  

heating, transport, production etc. 
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Energy is a prerequisite for a modern society with eco-
nomic growth and welfare. We take power and heating 
for granted, just as we take access to clean drinking 
water and clean air for granted. This has held true for 
most of the 20th century, and it should to apply for the 
21st century.

However, for economic, strategic and environmental 
reasons, we will have to take a completely fresh look 
at the way in which we consume and produce energy. 
Over the last hundred years, western societies have had 
access to plentiful and relatively cheap fossil energy. The 
next 100 years will bring considerable change, with an 
increasing number of people demanding a share of the 
energy, while available fossil fuels become ever scarcer 
and oil resources are concentrated in the hands of just 
a few countries. There is also the fact that global climate 
problems will require us to burn far less coal, oil and gas. 
The 21st century will have to be the century in which 
we find new solutions to satisfy the demand for energy 
services, i.e. lighting, heating, transport, production etc. 

With these challenges also come new opportunities for 
Denmark, since the majority of countries will be faced 
with the same challenges, meaning that there will be a 

considerable growth in the demand for green technolo-
gies; an area in which Danish enterprises excel. 

A good foundation 

Over a number of years, Denmark has enjoyed high 
security of supply with world-class energy efficiency, and 
an increasing share of renewable energy. This is due to 
a radical conversion of the Danish energy system since 
the first oil crisis in 1973. Firstly, considerable energy 
efficiency improvements have taken place at companies 
and in households, and energy production has likewise 
been made more efficient, for example through the 
expansion of district heating and combined heat and 
power production (CHP). Secondly, the fuel mix has 
changed from 95% dependence on imported oil to a dif-
ferentiated energy supply based on coal, oil, natural gas 
and renewables. 

Independence of fossil fuels is to preserve this favour-
able situation in a future where Denmark and the rest of 
the world will experience increasing demand for energy 
services, while the production of fossil fuels, especially 
oil and gas, will be concentrated in ever fewer countries 
and regions. 

The next 100 years will bring considerable 

change, with an increasing number of people 

demanding a share of the energy

Figure 1.1 Phases in the transition of the Danish energy 
system
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of fossil fuels
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Security of supply under pressure

The world’s population will increase towards 9 billion by 
2050. Many people will become wealthier and as a con-
sequence, the demand for energy for electricity, heating, 
transport and industry will increase. Within the next 25 
years alone, it is expected that the world’s total energy 
consumption will grow by approximately 34% according 
to calculations by International Energy Agency, IEA. This 
development is driven primarily by a growing demand in 
large developing countries and growth economies such 
as China and India. 

Figure 1.2. World primary energy demand by region up to 
2035 (scenario based on national climate and energy policy 
targets).  
(World Energy Outlook © OECD/IEA, 2010)

As the need for energy grows, ever fewer fossil fuels will 
be available. In particular, the world’s oil reserves will be 
exhausted more quickly than new oil fields are discov-
ered. Furthermore, for part of the remaining oil, extrac-
tion involves considerable environmental challenges. 
This applies, for example, to oil in the Arctic regions or to 
deepwater oil fields. Furthermore, it applies to oil produc-
tion from natural gas and coal, tar sand and oil shale. 

As regards natural gas production, the situation is 
less critical, at least in the short and medium term. As 
regards coal, global occurrences are plentiful, but other 
factors, primarily the consideration for the global climate, 
necessitate limited use. 

In addition to this pressure on reserves, the world’s oil, 
and to a certain extent natural gas resources as well, are 
increasingly concentrated in just a few countries. Thus, 
the OPEC countries will account for an ever growing 
share of global oil supply, as illustrated in figure 1.3. 

Figure 1.3. Incremental oil production by key country, 2009-
2035 
(World Energy Outlook © OECD/IEA, 2010) 
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The increased concentration of oil and gas resources in 
relatively few countries and transit routes increases the 
vulnerability to accidents, war and terror, threatening 
security of supply and price stability. Furthermore, this 
exacerbates the potential for producer countries to exert 
political pressure, wield market influence and thus push 
prices upwards. The consequence of such a develop-
ment is growing dependence on the oil and gas produc-
ing countries. Another consequence is the transfer of 
wealth from the oil and gas importing countries to the oil 
and gas exporting countries. This transferral of wealth 
would be minimised if the consuming countries were to 
reduce their consumption and imports by instead invest-
ing in energy efficiency improvements and renewable 
energy.

On the other hand, a shift to an energy supply based 
on renewables is not without security of supply chal-
lenges either. For example, incorporating large amounts 
of fluctuating electricity produced from wind power into 
the energy system presents a huge technical challenge. 
As regards biomass and biofuels, availability of these 
resources may also come under pressure both domesti-
cally and abroad. All indications are, however, that Den-
mark can manage these security of supply challenges, 
although this requires continued integration, expansion 
and liberalisation of the European energy market. 

On the basis of the IPCC’s recommendations, 

the EU has committed to the objective of  

reducing emissions by 80%-95% by 2050

Security of supply can be expressed as the probability 
that there will be energy services available at competitive 
prices when consumers demand it, without this leaving 
Denmark in the unfortunate grip of dependency on other 
countries.  
(Source: Energiforsyningssikkerhed – Redegørelse om 
forsyningssikkerheden i Danmark, 2010; Report on en-
ergy security of supply in Denmark, 2010)

Box 1.1 Definition of security of energy supply 
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A global green growth market

Denmark will become independence of fossil fuel. Over 
the coming years, many other countries will likewise 
have to decarbonise their economies. The global market 
for renewable energy and climate technologies, and for 
energy efficiency improvement solutions, will therefore 
grow considerably. 

Figure 1.4 below illustrates the combined, expected 
investment in renewable energy technologies, broken 
down by electricity production technologies and biofuels, 
in key countries and regions during the period 2010-
2035, assuming current climate and energy policy objec-
tives. This development in the global market will primarily 
take place in large growth markets such as India and 
China, where energy demand will grow at an explosive 
rate in the coming years. China has a goal of meeting 
15% of its energy consumption from non-fossil fuels by 
2020. However, also within the EU, the national plans of 
member states to meet the EU 2020 renewables targets, 
witness the need for large investments in green tech-
nologies over the next ten years. 

Figure 1.4. Energy technology share of total goods exports 
in 2009, from Denmark and EU15 average 
(World Energy Outlook © OECD/IEA, 2010)

The lasting climate challenge 

Future climate change due to greater greenhouse 
gas effects seems inevitable. Even in a very ambitious 
scenario, where global emissions of greenhouse gases 
peak within the next few years and fall quickly hereafter, 
the atmosphere’s content of greenhouse gases will only 
stabilise at present levels. This will undoubtedly contrib-
ute to a continued global temperature rise within this 
century. This prediction is confirmed by global tempera-
ture measurements which point at a continued rise in 
global mean temperatures. Furthermore, observations 
indicate, for example, that climate change in the Arctic 
is now occurring at an even faster pace than anticipated 
only a few years ago.

With the Copenhagen Accord concluded at COP15 in 
December 2009, a large number of countries agreed 
that the greenhouse gas concentration in the atmos-
phere should be stabilised at a level corresponding to a 
global average temperature rise below 2 degrees Cel-
sius. This objective was confirmed at COP16 in Cancún, 
in December 2010. According to the Intergovernmental 
Panel on Climate Change (IPCC), satisfying this objective 
requires the developed countries to reduce their com-
bined emissions by 25%-40% by 2020 relative to 1990 
levels, and by 80%-95% by 2050 relative to 1990 levels 
as a step towards cutting global emissions by 50% by 
2050. 

On the basis of the IPCC’s recommendations, the EU 
has committed to the objective of reducing emissions 
by 80%-95% by 2050 relative to 1990 levels as a part 
of concerted efforts by the developed countries. The 
EU objective cannot readily be transferred to a Danish 
reduction commitment by 2050, however it provides a 
good indication of the climate challenge which all EU 
member states, including Denmark now face. 
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The International Energy Agency (IEA) estimates that, in 
the period 2010-2030, the required overall global invest-
ment in renewable energy will amount to USD 6 billion, 
provided countries realise their existing climate and 
energy policy goals. If global emissions of greenhouse 
gases are to be reduced in line with IPCC recommenda-
tions, according to the IEA this will require significant 
extra investments in climate and energy technology solu-
tions at the consumer and supply sides, respectively.

Exports of cleantech solutions

Exports of cleantech solutions are already playing an 
ever increasing and ever more important role for overall 
production and exports. Exports of energy technolo-
gies and equipment accounted for approximately 12% 
of total Danish goods exports in 2009. This is almost 
twice the figure in 2000, and far more than in any other 
European country, see figure. 1.5. 

Figure 1.5. Energy technology share of total goods exports 
in 2009, from Denmark and EU15 average 
Source: Danish Energy Agency

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Denmark EU15

0

2

4

6

8

10

12

%

Danish companies therefore already possess an array of 
key competences in the energy area. However, global 
competition to deliver solutions to the rapidly grow-
ing market is intensifying considerably. Retaining and 
developing Danish skills and international market shares 
therefore places great demands on Danish companies. 
It is also essential to ensure Danish companies have op-
timal framework conditions in comparison with competi-
tors abroad. 

Amongst other things, it is important that the transi-
tion of the energy system, in combination with targeted 
efforts within research, development, demonstration 
and preparation for market uptake, allows companies to 
assist in developing the new solutions. This will create 
the best business setting for developing new export 
technologies in Denmark. Obviously, it is important that 
this platform for cleantech companies is not detrimental 
to the competitiveness of the rest of the Danish business 
community. 

Exports of energy technologies and equipment 

accounted for approximately 12% of total 

Danish goods exports in 2009
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2
A flexible strategy 

The great challenge is to ensure an appropriate 

transition process. Over the next 40 years more 

or less the entire energy system will be replaced
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In 2050 Denmark could well be a wealthy society which 
uses considerably less energy than at present and which 
covers its energy needs with renewable energy sources. 
This is clear from the analyses by the Danish Commis-
sion on Climate Change Policy. The great challenge is to 
ensure an appropriate transition process. Over the next 
40 years more or less the entire energy system will be re-
placed. In some areas, the consequences of investments 
and decisions made now will have an impact right up to 
2050. Therefore, it is important that energy policy sup-
ports the goal of fossil fuel independence. Without this, 
the goal will be harder and more expensive to reach. 

Denmark also has a number of energy and climate policy 
goals which set the scene for immediate measures. 
Therefore, it is necessary to adopt initiatives pointing 
towards the long-term goal of fossil fuel independence, 
and which contribute to meeting goals in the short and 
medium term. Energy efficiency and renewables are the 
two key focus areas to put Denmark on track to meet-
ing the long-term goal of fossil fuel independence and 
to help meet the 2020 targets of increasing the share of 
renewables, reducing gross energy consumption, and 
reducing non-ETS greenhouse gas emissions. 

Measures should be organised cost effectively to achieve 
the highest levels of security of supply and reductions 
in fossil fuels for each DKK invested. This means that 
measures should be targeted, and timing is vital. On the 
one hand measures should not be forced through with 
unnecessarily high expenditure right now. On the other 
hand, the benefits of less dependence on fossil fuels and 
lower greenhouse gas emissions also have value in the 
years up to 2050. 

An energy and transport system  
without fossil fuels 
Achievement of fossil fuel independence requires ef-
ficiency improvements in energy consumption to a level 
which can be covered by massive renewable energy 
expansion – although we will still exchange energy (elec-
tricity, biomass, biofuels etc.) with the world around us. 
The transition is outlined very generally in figure 2.1. 

Figure 2.1. Energy consumption and renewable energy 
2009. Source: Danish Energy Agency
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Key elements

A number of technologies and focus areas already well 
known today will probably be pivotal in a cost effective 
transport and energy system without fossil fuels. The 
energy technologies with significance for the energy 
system today have been known and used for more than 
40 years. Clearly these technologies will develop, but it 
is likely that the energy system of 2050 will be borne by 
technologies we already know today. Likely elements in 
an energy and transport system independent of fossil 
fuels are:

A highly efficient energy consumption 

A cost effective energy system, independent of fos-
sil fuels, requires significant improvements in energy 
efficiency. Demand for energy services will very likely be 
considerably higher than today, but energy services will 
be supplied using a lower amount of energy. Therefore, 
in 2050 Danish energy consumption could be more than 
50% more efficient overall. This is partly due to the fact 
that far-reaching energy efficiency improvements could 
make more financial sense than increasing energy sup-
ply. 

Electrification of heating, 
industry and transport 

There are strong indications that in 2050 many more 
energy services than today will come through electricity. 
District heating, individual heating systems and industrial 
installations can be based on electricity. Transport can 
be electrified by converting cars, railways and, to a cer-

tain extent, busses and lorries to electricity. This will also 
provide massive efficiency improvements as combustion 
motors typically waste four-fifths of the energy, while only 
one-fifth is lost in electric motors. Electric cars will prob-
ably be an important transport technology, but in 2011 
it is not possible to predict exactly the comparative roles 
and advantages of, for example, electric cars, plug-in 
hybrids or fuel-cell cars, in 2050. 

More electricity from wind power 

It is very likely that wind power will account for a very 
large amount of future electricity production. Wind is 
one of the renewable energy sources showing greatest 
physical potential in Denmark, and costs are expected to 
drop. In principle, wind power could cover current levels 
of electricity consumption many times over. Today, pro-
duction costs are lowest for onshore turbines, but there 
are only limited locations to site them. Therefore, offshore 
wind turbines will probably be crucial, even though pro-
duction costs are higher than for onshore installations. 

An efficient utilisation of 
biomass resources 

In the future, biomass will play an even more important 
role in the energy system than today. This will be to 
cover a large proportion of CHP production, and also 
probably to produce biofuels for heavy and very energy-
demanding modes of transport such as aircraft and 
heavy goods vehicles. However, the potential in biomass 
is not unlimited. If global demand for biomass increases, 
so will the costs of utilising biomass. 

A cost effective energy system, independent  

of fossil fuels, requires significant  

improvements in energy efficiency



19Energy Strategy 2050 – from coal, oil and gas to green energy. 

Utilisation of biogas 

The natural gas grid and its associated storage facilities 
could also play a key role in an energy system without 
fossil fuels. This may be through utilising biogas and 
possibly other types of gas from organic sources. RE 
gasses can be used at CHP plants in the same way as 
solid biomass and thereby they can act as a balance for 
the fluctuating electricity production from wind turbines. 

Photovoltaic solar modules and 
wave power as supplements 

In the longer term, photovoltaic solar modules and wave 
power could replace some wind power. How much wind 
power they will replace will depend on technological de-
velopment. Photovoltaic solar modules are a well tested 
technology, but at present they are more expensive than 
electricity from wind turbines. However, there may be 
technical and financial advantages in spreading electric-
ity production between different technologies. Wave 
power is still at the developmental stage, but it may play 
a role in the long term. 

Spreading RE-based district 
heating and individual heating 

District heating systems make it possible to incorporate 
large amounts of fluctuating renewable energy at rela-
tively low investment requirements. Continued exploita-
tion and expansion of this infrastructure is an important 
element. There are strong indications of significant cost 
effectiveness potentials in converting from individual 
natural gas supply to district heating. The challenge is to 
find an appropriate cut-off between district heating and 
individual heating in a technical and economic context.

An intelligent energy system

Energy production with significant amounts of fluctuating 
energy places pressure on the energy system to ensure 
that energy consumption can be covered hour by hour. 
Most important is exchange with foreign countries, and 
this requires gradual expansion of transmission capacity. 
In addition, there is the need for more flexible (intelligent) 
electricity consumption so that electricity is used for heat 
pumps, electric boilers and to recharge electric cars, for 
example, when there are strong winds and normal elec-
tricity consumption is low. Finally, there will be a need for 
electricity storage capacity which can be supplied cost 
effectively by the Norwegian and Swedish hydropower 
facilities. However, it is possible that other types of elec-
tricity storage, for example based on battery technology, 
could in the future supplement foreign electricity trade.
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In 1985 the Danish Parliament (the Folketing) decided 
that nuclear power would not be part of Danish energy 
planning. There remain arguments against nuclear power 
in Denmark. It would be difficult to find locations for 
nuclear power plants in Denmark and there is limited 
Danish growth potential in the technology, because the 
technology has to be purchased from abroad. Finally, 
there are still challenges with regard to safety and dis-
posing of radioactive waste. 

Experience with regard to the economics of nuclear 
power varies greatly. In many cases installations are fully 
or partly owned by the state, with a number of direct or 
indirect subsidies for nuclear power. Theoretical com-
parisons between the economics of nuclear power and 
other types of production indicate that nuclear power 
provides relatively cheap electricity. In practice, however, 
there are many examples of nuclear power plants which 
significantly exceed budgets. 

On the basis of information from the new Finnish nuclear 
power plant, Olkiluoto-3, which has been plagued by 
long delays and budget overshoots, investment per unit 
of electricity capacity is about 3.5-times more than coal 
power, approximately eight-times more than gas power 
and two-three-times more than wind power. The high 
investment costs of nuclear power must be recouped 

Box 2.1 Nuclear power 

through operating revenues, and this is possible if the 
plants are in operation for a long time. With consider-
able uncertainty, it has been estimated that for Danish 
conditions, nuclear power and offshore wind power cost 
almost the same, although it should be noted that the 
economics of nuclear power plants are very sensitive to 
interest rates. 

There are system challenges linked to incorporating nu-
clear power in Denmark into an electricity system domi-
nated by fluctuating wind power and electricity produc-
tion bound to heating. Furthermore, there are relatively 
large variations in electricity consumption over a 24-hour 
period in Denmark (compared with countries with more 
energy-intensive industry and more electric heating, for 
example Finland and Sweden). For economic and tech-
nical reasons, nuclear power plants should preferably 
operate at full capacity all the time, and therefore they 
are not very suitable for adjustment to compensate for 
variations in wind production.

Although there are several arguments against basing 
Danish electricity production on nuclear power, at all 
events Denmark will continue to trade electricity with 
other countries and therefore also import electricity from 
countries where nuclear power will account for a consid-
erable amount of electricity production in the future.

Nuclear power - still many arguments against
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Box 2.2 Potential changes in the Danish climate and the 
possible effects on the energy system 

Observed climate change
The average temperature in Denmark has increased by 1.5°C and precipitation has increased by 15% since systemat-
ic national records began in 1873. The Danish wind climate has also changed over the period. More powerful storms 
and hurricanes have been observed. In the future even greater climatic changes can be expected, with potential 
consequences for the energy system. 

The energy need
Up to 2050 it is expected that winters will become warmer, with correspondingly shorter heating seasons. Therefore, 
there could be slightly less need for space heating. In contrast, the need for cooling in summer (primarily in offices, 
shops etc.) is expected to rise in line with longer heat waves. In new housing, the new building standards will limit the 
need for cooling, but for existing housing there may be increased demand for cooling installations. 

Energy production
Up to 2050 there are chances of a longer growing season. Together with higher temperatures and more precipitation 
in the summer, this could lead to more biomass production in both agriculture and forestry. As winters become wetter 
and milder, there will also be good opportunities for more energy production from hydropower in Norway and Sweden. 
In addition a modest increase in wind energy potential is also expected.

Extremes
Towards 2050 more, and more powerful hurricanes may disrupt the electricity grid and infrastructure and mean that 
wind turbines will be shut down for short periods. However, it has been estimated that these effects will only have 
marginal significance for the security and stability of the electricity system. On the other hand more, and more power-
ful hurricanes, in conjunction with more precipitation, could lead to a greater likelihood of massive windfalls and this 
may affect international markets for chippings and wood pellets. 

Consequences 
Overall, the conclusion is that the expected milder winters in the future will have a modest, yet positive impact on 
the Danish energy system and the possibilities for the transition to fossil fuel independence, although there is a large 
degree of uncertainty regarding the future demand for cooling. 

The strategy for fossil fuel independence proposes a number of new energy policy initiatives, which are deemed as 
robust in relation to future climate change. Furthermore, there is the ongoing monitoring and evaluation of climate and 
energy policy, and this will also have to take account of observed climate change.

21Energistrategi 2050 – farvel til kul, olie og gas
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An unpredictable future 
demands flexible answers

On the one hand, it is possible to mark out the contours 
of an energy system in 2050 without fossil fuels and to 
identify a number of the key elements. However, on the 
other hand it is impossible to predict economic growth, 
technological development or fuel and CO2 prices 40 
years ahead, and in so doing detail the optimal energy 
system for 2050.

Development and costs of technologies and fuels will 
depend to a large extent on the level of ambition for 
climate and energy policy set by the rest of the world. At 
the same time these aspects are crucial for determining 
how best to achieve a cost effective energy system with-
out fossil fuels. For example, investors’ choice between 
electricity production technologies will be based on the 
relative costs of the various fuels, technologies, financ-
ing etc. In the long term, cost effective transition will 
therefore involve securing more or less uniform support 
across technologies in which account is also taken for 
the effects of the technologies in relation to, for example, 
relevant political objectives, environmental impacts and 
security of supply. 

A robust and cost effective strategy
The government will organise the transition so that it is 
robust and cost effective. On the basis of the knowledge 
available today, it is expected that the goal of fossil fuel 
independence will be realised most cost effectively by 
making energy consumption more efficient; with more 
electrification of energy consumption in combination 
with greater electricity exchange and a more intelligent 
energy system; with more district heating and individual 
RE-based heating; with expansion of wind power and 
other renewables; and finally with effective utilisation of 
biomass resources for CHP and parts of the transport 
sector. 

On the other hand, electric cars, solar energy, wave 
power, CCS and so on are currently relatively expensive 
technologies, which require continued subsidies. How-
ever, this can change over time. Therefore, the strategy 
should be flexible, i.e. open for all technological possibili-
ties. For example, the government will not yet exclude 
some utilisation of coal with CCS, if this proves to be 
a more cost effective and environmentally appropriate 
solution in a green transition. If it turns out to be techni-
cally and economically untenable to convert the entire 
transport sector to non-fossil alternatives, it will also be 
necessary to manage the security of supply issue and 
climate impacts in some other way. 

 
CCS  
Coal power combined with CCS (Carbon Capture and 
Storage), could also be a relevant technology in the long-
er term, possibly in combination with biomass, whereby 
CO2 is “withdrawn” from the system. There are relatively 
large coal resources globally and Denmark has geologi-
cal formations well suited to depositing CO2. The CCS 
technology is not yet commercially viable and involves 
high costs and energy consumption. However, there is 
no reason to exclude this technology from being part of 
the Danish energy system at a later date.

Hydrogen 
Biomass could be a limited resource in the future. A 
replacement could be other fuels such as hydrogen in 
the transport sector rather than biofuels, or hydrogen 
for electricity and heating instead of biomass. Hydrogen 
cannot be found in nature and therefore it has to be 
manufactured, for example using electricity from wind 
turbines for electrolysis. There is great potential, but at 
present prospects are inhibited financially because of 
losses in manufacture, storage and conversion of the 
hydrogen. 

Box 2.3 Examples of technologies which could play a role in 
a 2050 perspective 
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Figure 2.2 illustrates that, in addition to the key elements, 
there are a great many possible variations with clear 
significance for how the energy and transport system of 
the future is best designed. For example the relationship 
between wind, photovoltaic solar modules, wave power 
and other RE technologies will depend on technologi-
cal developments and how they compare financially. 
Correspondingly, transition from fossil fuels to biomass 
will depend on potentials to produce as well as import 
biomass at reasonable prices. 

The government will organise the transition  

so that it is robust and cost effective

There is a crucial uncertainty in developing competitive 
alternatives to the combustion engine. The solutions 
which come to dominate the transport sector will have 
an impact on other parts of the energy system. Finally, 
but also importantly, the need for foreign trade should 
be considered in the light of relative prices for imported 
electricity compared with Danish adjustable production, 
or possible new storage options.

Figure 2.2 Key elements 
in the future energy sys-
tem and variations

•• Efficient energy consumption 

•• Increased use of district heating and 
individual heating based on renewable 
energy

•• Wind power for electricity production 
supplemented by other RE technologies 

•• Efficient use of biomass (including bi-
ogas) for CHP and parts of the transport 
sector

•• Electrification of the energy system 

•• Intelligent electricity consumption and 
increased storage and exchange of 
energy with other countries

Cheap wood/straw for 
electricity production

Less need for wind Coal with CCS  
commercially attractive

Less need for wind

Need for greater  
imports of biofuels 

Limited electrification 
of transport

Commercial break- 
through for new RE

Less need for 
wind and biomassMore controllable 

domestic production

Less exchange of 
electricity due to 
high electricity prices

Fewer savings 
realised

Need for more 
wind and biomass
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A strategy with robust choices 
and the right timing 

In this strategy for fossil fuel independence, the govern-
ment is focussing efforts on elements which are robust 
and expected to make up the core of a cost effective 
energy and transport system without fossil fuels. Efforts 
should also take account of the lifetimes of the relevant 
technologies and installations, the length of time from 
decision to practical implementation, the need to retain 
knowledge and skills, as well as the issue of maturity and 
prices of the relevant technologies. 

Long operational life in the energy sector
The energy system is made up of both the producer and 
consumer sides of a number of technologies and instal-
lations which call for huge investment and which have a 
long operational life. For example, power plants typically 
run for 30 years or more and the buildings often stand 
for more than 100 years. This means that in the transi-
tion of the energy system it will have to be considered 
when the existing installations will wear out and require 
replacement or renovation, in order to avoid unneces-
sarily scrapping well functioning installations. It is also 
vital to choose future-proof solutions when replacement 
or renovation of, for example, buildings is carried out. In 
some circumstances this will only happen once before 
2050. 

Long time from decision to  
practical implementation
Many types of installation in the energy sector require a 
long time for decision-making, planning and establish-
ment processes. A large offshore wind farm often takes 
at least five-six years from decision to commencement 

of operation. New high tension installations or central 
power plants can easily take up to 10 years from deci-
sion to implementation. This means that many of the 
decisions made today will not take effect for five, 10 or 
even 15 years. 

Great need for skills and knowledge
The rate of transition should also be considered in the 
context of development and retention of skills as well 
as building new knowledge. Danish companies already 
possess an array of key skills in the energy area. These 
include RE technology and efficient technologies, as well 
as knowledge and experience on integrating renewables. 
A crucial element in retaining these companies’ develop-
ment departments is that it is possible to realise results 
and to develop new knowledge on the basis of specific 
experience from applying new technology. Innovation, 
production and application cannot be considered inde-
pendently of each other. 

Large differences in technological  
maturity and prices
Today there are already technologies in a number of sub-
sectors in the energy system which are or are expected 
to soon becoming financially and technologically com-
petitive with technologies using fossil fuels. For example, 
wind turbines and biomass to produce electricity. In 
other areas technologies have yet to be fully developed 
to be able to completely replace fossil fuels. In this con-
text there is a need for further research and demonstra-
tion in collaboration with foreign knowledge centres. For 
example, in transport there remain a number of challeng-
es before full transition to non-fossil technologies such 
as electric cars, biofuels or fuel cells can take place. 
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Figure 2.3 Non-fossil-based energy  
and transport technologies

Innovation, production and application  

cannot be considered independently of  

each other

Technologies at the  
prototype and  

demonstration stage 
(e.g. hydrogen technologies 

and CCS)

Technologies on the  
verge of being mature for 

market but with high costs 
(e.g. photovoltaic solar  

modules)

Technologies on the  
verge of being mature for 
market and with low costs

(e.g. wind power and  
biomass)

Technologies  
mature for market

(e.g. hydropower)
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A strategy with three tracks

Operational life, decision-making processes, technologi-
cal maturity and prices vary across the energy system. 
The same applies for the need to retain and develop 
knowledge and Danish skills. Therefore the government’s 

The transition track (track 1) deals with the areas in 
which physical conversion can already start today be-
cause the technology is cost effective with long opera-
tional life and decision-making processes. In addition, 
because the areas involved also contribute to realising 
short and medium-term objectives. 

The planning and preparation track (track 2) deals with 
areas in which initially there is a need to ensure establish-
ment of the framework before specific measures towards 
2050 can be initiated. 

The technology development track (track 3) deals with 
areas in which the primary need is for more knowledge, 
analysis, research, and development as well as demon-
stration and preparation for market efforts before con-
crete incorporation into the energy and transport system 
of the future can be implemented.

Chapter 3 describes the specific initiatives in the strat-
egy which can be implemented within the three tracks 
immediately.

Figure 2.4 Illustration of the three tracks in the strategy

strategy follows three tracks. The strategy starts up 
immediate initiatives in all three tracks, but the types of 
initiative vary. 

2050

More utilisation and integration of new 
solutions in the energy and transport system

Large-scale demonstration 
and preparation for market 

Utilisation and integration in the 
transport and energy system

Track 1

Track 2

Track 3

2011

Immediate initiatives

Transition to more efficient energy consumption and energy supply based on renewable energy

Preparation and planning of the 
next phase of the transition

Research, development 
and demonstration 
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Box: 2.4 Examples of the initiatives in the three tracks

Track 1. Examples where the transition will commence immediately:

Making buildings more efficient 
Extensive improvements in the energy efficiency of exist-
ing buildings should be implemented in connection with 
renovation and replacement in order for them to be cost 
effective. At the same time, efficiency improvements 
contribute immediately to meeting the 2020 targets.

Electrification of heating and process installations
Installations to heat buildings and for industrial processes 
have a long operational life; typically 25 years or more. 
Therefore it is advisable to start converting to electricity 
or heat pumps already now, as oil and gas furnaces and 
boilers have to be replaced. This will also contribute to 
meeting the 2020 targets. 

Track 2. Examples where transition has to be prepared and planned:

Planning of the energy infrastructure 
Integration of more fluctuating electricity production 
and electrification of end use involves a long-term need 
to develop the infrastructure. In this context, the gas 
infrastructure of the future should also be planned with 
a view to enabling biogas and other RE gasses to take 
over from natural gas to a certain extent. This means 
that planning must commence immediately.

Track 3. Examples of areas with a need for further research, development and demonstration:

Research focussing on incorporating wind power 
Denmark’s vast wind resources provide future opportuni-
ties to harvest large parts of energy consumption from 
the wind. Increased incorporation of wind requires, how-
ever, continued research and technological advances 
to reduce the energy costs and optimise the interplay 
of wind power with the electricity grid and electricity 
consumption, including methods to store the energy for 
a period. 

Expansion of wind power 
Wind power seems to be cost effective and robust 
against future developments in fuel and CO2 prices, 
and it will be able to replace a great deal of the existing 
electricity capacity which will have to be replaced over 
the next 10-20 years.

Increased use of biomass 
Biomass can play a central role in combination with wind 
production and possibly also in connection with coal and 
CCS. In the short term, conversion to more biomass at 
power plants could reduce use of fossil fuels and thereby 
contribute to meeting the target of 30% renewable 
energy by 2020. 

Framework for future district heating production 
District heating production will change as consumption 
of fossil fuels at electricity and CHP plants is phased out. 
As this involves long-term investments, there is a need 
to set the framework for future district heating produc-
tion now, through amongst other things strategic energy 
planning.

Large-scale demonstration
A large number of technologies may require large-scale 
testing before subsequent preparation for market and 
full-scale implementation. For example, this applies for 
offshore wind, fuel cells for CHP production, smart grids, 
biorefineries, low-energy building and energy renovation.
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Initiatives in the strategy

The package includes initiatives with  

immediate effect, initiatives setting out  

long-term frameworks, and initiatives that  

encourage more technological development. 

3
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With this strategy, the government presents a package 
of energy and climate policy initiatives. The package in-
cludes initiatives with immediate effect, initiatives setting 
out long-term frameworks, and initiatives that encourage 
technological development. 

The package consists of initiatives that promote:

•	 Good framework conditions for future electricity and 
heat production

•	 Increased expansion of wind power

•	 Greater use of biomass

•	 A solid foundation for biogas expansion

•	 Highly efficient energy consumption

•	 Efficiency improvements in households and in build-
ings in general

•	 A cohesive and intelligent energy system

•	 Transition to green energy in the transport sector

•	 An energy system with appropriate financial incen-
tives

•	 A transition which creates green growth through 
research, development, demonstration and prepara-
tion for market

•	 Ambitious endeavours for a global transition

•	 An EU independent of fossil fuels

•	 Long term reduction in the emission of greenhouse 
gases from agriculture

•	 Efficient and environmentally sound use of North Sea 
resources. 
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Figure 3.1 From 2011 to 2050. Key initiatives in the strategy

Central elements of the 
energy system in 2050
 

Efficient energy  
consumption

Increased use of district 
heating and individual 
heating based on  
renewable energy.

Wind power in electricity 
production supplemented 
by other RE technologies.

Efficient use of biomass 
(including biogas) for CHP 
and parts of the transport 
sector.

An electrified energy 
system.

Intelligent electricity con-
sumption and increased 
storage and cross-border 
trade in energy.

Cross-sectional 
measures

Enhanced prioritisa-
tion and cohesion in 
research, development 
and demonstration in the 
climate and energy area.

Support for large-scale 
demonstration and 
preparation for market 
of new RE technologies 
(solar, large heat pumps, 
geothermal energy etc.).

Review of regulation of 
the Danish electricity 
supply sector.

Examination of the sub-
sidy and tax systems.

Efforts to increase the 
EU greenhouse gas 
reduction target to 30% 
by 2020.

Energy efficiency improvements 

Enhancement and targeting of saving efforts by energy 
companies aimed at private homes and businesses.

Future-proof efficiency standards for 
building components to ensure houses 
which are more energy efficient.

No new oil boilers in new buildings from 2012 
and in existing buildings from 2017.

Market promotion of RE-based 
alternatives to oil and gas heating.

Promotion of new buildings with very 
low energy consumption.

Enhanced energy saving efforts in the public sector.

Heating and electricity production 

Call for tenders for a 600MW offshore 
wind farm at Kriegers Flak.

Call for tenders for smaller offshore wind turbine 
installations totalling 400MW closer to the coast than 
the actual wind farms. Initiatives for more onshore 
wind power, aiming at an additional 500MW.

Fuel shift from coal to biomass at large-scale 
plants with greater freedom of agreement 
between producers and buyers.

Shift from natural gas to biomass at small-
scale CHP plants with free choice of fuel. 

Improved framework conditions 
for production of biogas.

Funds for strategic energy planning in 
municipalities with a view to better utilisation of 
local resources, including district heating. 

Transport  

A 10% biofuels obligation in the transport 
sector by 2020. Technology assessment 
in order to support the right framework 
conditions for new transport technologies.

Fund to promote the establishment of 
recharging stations for electric cars. Efforts 
to tighten EU standards on vehicle energy 
efficiency and CO2 emissions.

Push for EU harmonisation and standardisation 
of technologies for electric cars. 

An intelligent and international energy system  

New international electricity transmission capacity in 
connection with the offshore wind park at Kriegers Flak.

Analysis of the need to expand 
international transmission grid.

Roll-out of intelligent electricity meters.

Strategy for the promotion of smart grids.

Analysis of the regulation of the future gas structure. 
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•	 Launch an in-depth review of electricity supply legis-
lation and regulation in order to ensure that incentives 
and rules support the transition to fossil fuel inde-
pendence. In the long term, other areas of energy 
supply will also be reviewed

•	 Allocate DKK 20 million for strategic energy planning 
partnerships between municipalities, local companies 
and energy companies. These funds are to promote 
the integrated development of energy demand and 
energy supply which underpins the transition to fossil 
fuel independence. This is to take place e.g. through 
the expansion of district heating

•	 Allocate DKK 10 million for demonstration of large 
heat pumps in the district heating sector, and analyse 
the conditions for, and implications of, the phasing-in 
of large heat pumps

•	 Allocate DKK 20 million for geothermal energy explo-
ration projects 

•	 Extend the existing PSO scheme that supports small 
electricity-producing renewable energy technolo-
gies such as wave power, bio-gasification and solar 
photovoltaics for a further four years, so that a total 
of DKK 100 million is allocated for the period 

•	 Allocate DKK 10 million to support demonstration 
projects on solar heating for household solutions, 
including use of solar heating in combination with 
other RE solutions such as heat pumps. Efforts will 
also include an information campaign and the launch 
of a certification/quality assurance scheme 

•	 Work for a revision of the EU’s CHP Directive towards 
an efficient energy system in a future EU free of fossil 
fuels.

Good framework conditions for future 
electricity and heat production 

A large part of Denmark’s consumption of fossil fuels, in 
the form of coal and gas, is used to produce electricity 
and district heating. Extensive conversion of the electrici-
ty and heating sector to renewable energy is an essential 
step towards independence of fossil fuels. 

Since supply technologies and infrastructure in electricity 
and heat production generally have very long life spans, 
in many cases there will be only one opportunity to con-
vert before 2050. It is anticipated that a great number 
of Danish plants will either be taken out of operation or 
will wear out before 2020 and have to invest if they are 
to maintain production of heat . All things being equal, it 
will be cheaper to replace worn out installations than to 
replace still functioning installations. Therefore, the most 
appropriate solution is to make the shift away from fossil 
fuels when an existing plant is worn out. Furthermore, 
it must be anticipated that electricity consumption will 
increase as an ever greater share of energy consumption 
is electrified. It is therefore important that frameworks are 
established today which underpin investments in tech-
nologies bringing us closer to the 2050 target.

Furthermore, in the short term, the need for new RE 
capacity is justified by the target of a 30% share of re-
newables by 2020. Meeting and upholding this target will 
require significant efforts in the years to come. 

Being the most developed and most cost-effective 
sources of energy, biomass and wind will play primary 
roles in an energy system without fossil fuels. In the 
long term, other technologies may also come into play. 
Continued support will therefore be necessary for the 
development of a wide range of RE technologies.

As a general rule, the government’s goal of fossil fuel 
independence means no use of fossil fuels in 2050. 
However, the government will not a priori exclude some 
use of coal with CCS, if this turns out to be an efficient, 
feasible and environmentally appropriate solution in a 
green transition.

Background The government will 
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•	 Call for tenders for a 600MW offshore wind farm at 
Kriegers Flak. Kriegers Flak can be realised as a joint 
project between Denmark and Germany (and pos-
sibly also Sweden) with expected operationalisation 
2018-2020 

•	 Call for tenders for smaller offshore wind turbine 
installations totalling 400MW closer to the coast 
than current wind farms. This will enable testing and 
demonstration of new turbines, foundations etc., as 
well as sites for conventional wind mills, up to 2020. 
Suitable locations will be found through a screening 
process

•	 Improve tendering procedures for offshore wind 
farms to reduce the costs of expansion and prepare 
the basis for offshore wind turbine expansion deci-
sions in the period after 2020 

•	 As part of a general analysis of subsidy systems ex-
amine how subsidies for onshore turbines from 2014 
can be designed most appropriately, so that they are 
adjusted to rising electricity prices and technological 
development 

•	 Support continued municipal planning for new on-
shore wind turbines and at the same time look more 
closely at planning tools for onshore wind turbines. 
Up to 2020, in combination with other external condi-
tions, this is expected to contribute to new turbines 
totalling a capacity of 1800MW. This is 500MW more 
than expected so far

•	 Analyse the opportunities for reducing the distance 
requirements for wind turbines placed along roads 
and railways with a view to better use of locations in 
such areas

•	 Commission a strategic environmental assess-
ment with a view to both call for tenders on nine 
state-owned land plots for the erection of onshore 
wind turbines, and to assist municipalities with wind 
turbine planning

•	 Designate land for testing prototypes and ‘series 0’ 
wind turbines

•	 In cooperation with industry, continue the wind 
turbine secretariat, including the mobile wind turbine 
task force, which assists municipalities with wind 
turbine planning.

An increased expansion of wind power 

To the extent that suitable locations can be found, 
onshore wind turbines are far cheaper than offshore 
wind turbines and most other RE technologies. Due to 
technological development and rising electricity prices, it 
is expected that wind power in the long term will be able 
to compete with conventional electricity production, and 
that subsidies for onshore wind turbines can therefore 
gradually be phased out. 

The majority of existing onshore turbines are more than 
ten years old and will most likely be scrapped before 
2020. The need to designate more locations suitable for 
new and larger turbines is therefore great. In order to 
cater for the technological development of new turbines, 
it will also be necessary to designate suitable land where 
the wind turbine industry can test and demonstrate new 
turbines. 

Future wind turbines will increasingly have to be placed 
offshore, since there are only a limited number of suitable 
locations available onshore. The potential for offshore 
wind turbines is huge in Denmark. In order to promote 
technological development of offshore wind turbines, it is 
necessary, that newly developed turbines can be erected 
and operated on a continuous basis, preferably closer 
to the coast than previously. This will also provide op-
portunities for the general public, private organisations, 
municipalities etc. to be involved in the projects. 

Background The government will 
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•	 Change the provisions of the Danish Heat Sup-
ply Act, so that the settlement of prices on heating 
produced from biomass at large-scale CHP plants 
will no longer be limited by non-profit regulation. In 
this way, producers and buyers of CHP can agree 
on a price by which they share the tax benefits of the 
transition to biomass 

•	 Allow plants of up to 20MW a free choice of fuel, 
which will enable a number of natural gas fired plants 
to convert to production based on biomass

•	 Carry out an analysis of the use of biomass for 
energy-related purposes in Denmark. The analysis 
will focus on whether the right framework conditions 
for efficient and environmentally sustainable use of 
biomass resources are in place. The analysis will 
prepare a long-term strategy for the use of biomass 
resources for energy purposes and will draw on 
experience from other counties

A greater use of biomass

Biomass has the potential to replace large amounts of 
coal and natural gas cost-effectively in the relatively short 
term. In the long term, conversion from fossil fuels to 
renewable energy outside Denmark can lead to pressure 
on biomass resources and thus rising prices, and pos-
sible challenges to security of supply. On the other hand, 
it must be anticipated that the technologies used in the 
production of biomass and biofuels will undergo devel-
opments which can lower the price of energy produced 
from biomass.

At present, the majority of large-scale power plants in 
Denmark can use biomass for part of their production, 
while many natural gas fired small-scale plants have 
long had an ambition to convert to biomass-based heat 
production. 

The largest Danish cities have ambitious climate plans 
and have expressed their wish to make heating from 
large-scale plants carbon-neutral within the next 20 
years. The government will therefore allow for a greater 
degree of freedom of contract between producers and 
buyers of district heating in the larger cities. Furthermore, 
the government will remove the restrictions on the free 
choice of fuel for smaller plants outside the ETS sec-
tor, so that these plants can replace natural gas with 
biomass.

By removing these restrictions and introducing the free 
choice of fuel, the government can also contribute to 
lower heating prices in the district heating areas involved. 
This will especially benefit the open-field plants, some 
of which today charge very high prices. The free choice 
of fuel will also make for greater use of local biomass 
resources by smaller plants, for instance straw and chip-
pings, to the extent that this is profitable. 

Background The government will 
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•	 Introduce a subsidy of DKK 27/GJ for biogas pro-
duction from 2012. The subsidy will be paid to the 
biogas plant regardless of how the plant uses the 
biogas

•	 Retain current levels for preferential treatment of 
biogas in CHP production, and for the average plant 
this will correspond to approximately DKK 75/GJ, 
including the biogas production subsidy, in 2012

•	 Introduce a subsidy for biogas in the natural gas grid 
on equal terms with CHP production, entailing a total 
subsidy of DKK 75/GJ, including the biogas produc-
tion subsidy, in 2012

•	 Introduce a subsidy for biogas in industry and trans-
port of net DKK 12/GJ, so that the total subsidy for 
biogas in industry and transport is raised from 2012 
by net DKK 39/GJ, including the biogas production 
subsidy

•	 Introduce an additional subsidy of DKK 22.5/GJ for 
biogas from livestock manure. The subsidy will be 
reduced in line with natural gas prices

•	 Increase the aid from a start-up construction fund 
from 20% to 30% 

•	 Set aside funds of DKK 25 million in 2012 to safe-
guard the required expansion of the biogas infra-
structure with a view to alleviating any negative con-
sequences for existing biogas plants in connection 
with the introduction of the free choice of fuel

•	 Allow, on a voluntary basis, changing from fixed elec-
tricity settlement to an electricity price supplement for 
100% biogas-based plants. 

A solid foundation for biogas expansion 

Agriculture will play a key role as a green energy supplier 
in the transition to fossil fuel independence. In accord-
ance with the national Green Growth agreement, the 
government wants Denmark to aim for the exploitation 
of up to 50% of livestock manure for green energy. There 
are large unexploited biogas resources, especially in 
the form of livestock manure in agriculture. These can 
replace natural gas, oil and coal for energy purposes. 
Greater use of livestock manure will also benefit the 
aquatic environment and will contribute to reducing 
emissions of greenhouse gases from agriculture, which 
in turn will contribute significantly to meeting Denmark’s 
international climate commitments. 

The government is monitoring closely the expansion of 
biogas and has agreed with the Danish People’s Party 
to take stock of these developments at the end of 2012, 
see the Green Growth agreement. However, even now 
the government is presenting a package of initiatives to 
support realisation of a 50% use of livestock manure by 
2020, whilst taking into account the effects of introduc-
ing the free choice of fuel. 

The biogas package proposes raising the start-up aid 
and introducing a new subsidy system, which will pro-
vide subsidies for a greater variety of uses. It is the gov-
ernment’s ambition that a greater share of the subsidies 
be paid directly to the biogas plants, so that the plants 
may receive subsidies for all biogas production irrespec-
tive of ultimate use. Biogas plants will therefore be able 
to choose whether to use biogas in their own processes 
or sell it off to the highest bidder. In the longer term this 
will help improve financial performance in the biogas 
sector and it will enhance the use of biogas for a greater 
variety of purposes, e.g. in the natural gas grid and in 
industry. In order to cover the costs of livestock manure 
separation, the government will moreover introduce a 
subsidy for biogas from livestock manure.

Background The government will 
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•	 Target the saving obligations of energy companies 
towards companies in general. These efforts must 
cover energy efficiency improvement as well as 
conversion away from oil and natural gas. The obliga-
tions of energy companies will be raised by 50% 
from 2013 and by 75% in 2017-2020. Efforts will be 
financed via net tariffs

•	 Push for the EU to achieve at least 20% improvement 
in energy efficiency by 2020 by means of instruments 
and policies at EU level and at national level. This will 
take place through e.g.:

•	 more requirements, and more ambitious require-
ments, for the energy efficiency of appliances and 
products; and tightening of the requirements for 
efficiency and labelling of appliances and prod-
ucts in connection with upcoming revisions of the 
Ecodesign and Energy Labelling Directives

•	 push for the future framework directive on energy 
efficiency to be ambitious and action-based

•	 push for a further tightening of the Energy Perfor-
mance of Buildings Directive 

•	 push for a higher level of ambition among busi-
nesses in the EU with regard to energy efficiency 

•	 Enhance public sector energy savings efforts from 
2012:

•	 before the end of 2011, a proposal will be pre-
sented to replace the existing requirements for 
a 10% reduction in energy consumption by the 
state, relative to 2006 

•	 in 2012, when the current agreement on en-
ergy savings with Local Government Denmark 
and Danish Regions elapses, the government’s 
budget agreements with municipalities and re-
gions will include voluntary agreements on energy 
consumption in buildings

•	 Continue the efforts by the Knowledge Centre for 
Energy Savings in Buildings.

A highly efficient energy consumption 

A cost-effective realisation of the goal of Danish fossil-fu-
el independence requires considerable energy efficiency 
improvements in the various sectors. In many cases, 
energy efficiency is cheaper than the otherwise required 
renewable energy expansion, both in the short, medium 
and long term. 

The energy efficiency improvements of companies must 
be enhanced. Although many companies have already 
carried out large energy efficiency improvements, con-
siderable cost-effective potential still exists for reducing 
energy consumption in the different business sectors 
through energy efficiency improvements.

The EU plays a key role in the promotion of energy ef-
ficiency improvements. Greater and cheaper efficiency 
improvements can be obtained through concerted 
efforts in a number of sectors. This applies not least to 
appliances, because the Danish market is too small to 
efficiently push the development of more energy efficient 
products. Concerted efforts will also mean equal terms 
of competition for producers and consumers. 

Energy consumption in the public sector is relatively 
limited compared with other sectors, but the public sec-
tor has a special obligation to also contribute its share, 
as ever stricter efficiency requirements are placed on the 
business community and private households. 

Background The government will 
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•	 Target the saving obligations of energy companies 
towards renovation of buildings and conversion of oil 
and natural gas heating. Obligations will moreover be 
increased by 50% from 2013 and by 75% in 2017-
2020. Efforts will be financed via net tariffs

•	 Future-proof the minimum efficiency standards for 
building components (windows, insulation etc.) which 
have to be met when renovating buildings, relative 
to future challenges and expected energy prices. 
Whether new components are to be included will be 
examined. The standards will be determined by tak-
ing into account the financial situation of home own-
ers, a healthy indoor climate and freedom of architec-
tural expression. Initiatives which can ensure greater 
compliance with the standards will be considered 

•	 Convert heating by oil, and eventually also natural 
gas heating, to district heating, heat pumps and 
other renewable forms of energy. This will be through:

•	 a ban on installing oil furnaces in existing build-
ings from 2017, and a ban on installing oil and 
natural gas furnaces in new buildings from 2012. 
Derogations may be allowed in cases where no 
suitable alternatives are available 

•	 market-promotion of initiatives for energy-efficient 
heat pumps and solar heating, including labelling 
schemes, certification schemes, package solu-
tions and ESCO models

•	 rules on compensation for gas companies 
converting from individual natural gas to district 
heating

•	 a model and timetable for the phase-out of 
natural gas furnaces, taking account of the need 
for gas for production purposes in industry and 
potentials for utilising biogas

•	 Incorporate a ‘low-energy rating 2020’ in the building 
regulations with a view to promoting the establish-
ment of new buildings with very low energy con-
sumption.

Efficiency improvements in 
households and in buildings

Buildings have long life spans; up to 100 years or more. 
In addition, buildings are typically only renovated at 30-
40 year intervals, and perhaps only once before 2050. 
Therefore, it is vital to choose future-proof solutions 
when constructing new buildings and when renovating 
old ones, so as to realise the full potential for savings. 
Denmark currently has some of the strictest standards 
for the energy performance of new buildings, and the 
government has agreed to tighten these standards by 
at least 75% no later than 2020. The government has 
moreover stepped up preparation of a voluntary ‘low 
energy rating 2020’, expected to be announced in spring 
2011 However, new buildings on a yearly basis only ac-
count for 1% of the total existing building stock. Accord-
ingly, increased efforts will be directed towards existing 
buildings. 

Existing technologies and solutions provide great op-
portunities to reduce the energy consumption of existing 
buildings through improved insulation, replacement of 
inefficient windows etc. If the improvements are imple-
mented in connection with ongoing maintenance, heat-
ing consumption in existing buildings can be reduced 
by approximately 50% of consumption levels today at a 
reasonable cost. Realising these opportunities calls for a 
combination of ambitious standards which must be met 
in connection with renovation, replacement, etc. and as-
sistance to carry out these projects. 

Along with a reduction in energy consumption in build-
ings, the buildings which today are heated by oil and 
natural gas must undergo a fuel shift. This conversion 
should take place when existing heating installations 
wear out. In densely populated areas, district heating 
may be expanded, but for a large number of existing oil 
and gas furnaces, a heat pump, possibly in combination 
with solar heating, will however be the most cost-effec-
tive alternative. 

Background The government will 



37Energy Strategy 2050 – from coal, oil and gas to green energy. 

 

•	 Establish new international electricity transmission 
capacity in the form of a transmission line to Germa-
ny and possibly also to Sweden in connection with 
the future offshore wind farm at Kriegers Flak. A new 
type of technology will be used providing new opera-
tional experience. Ultimately, this will achieve better 
connections between electricity markets. This project 
is supported financially by the EU with approximately 
DKK 1.1 billion

•	 Analyse the need to expand international transmis-
sion lines in order to achieve a socio-economically 
optimal expansion as well as ensure the necessary 
reserves/back-up in an electricity system with a large 
share of wind power 

•	 Work for an agreement with the distribution com-
panies to install intelligent electricity meters when 
electricity consumers install heat pumps, or recharg-
ing stations for electric cars. Furthermore, the limit 
for installation of intelligent meters will be lowered in 
2013 from 100,000 kWh to 50,000 kWh annual con-
sumption. The government will also ask the distribu-
tion companies to replace all electricity meters which 
are replaced after 2015 by an intelligent electricity 
meter 

•	 Continue to encourage the electricity sector to 
perform demonstration projects with dynamic tariffs 
in specific distribution grids and prepare a strategy 
for the promotion of smart grids in Denmark, and in 
this connection determine investment needs and a 
financing model 

•	 Analyse regulation of the gas infrastructure in future 
years in order to ensure optimal use and mainte-
nance of the existing gas infrastructure; both in the 
transitional phase, while natural gas still plays a role, 
and in the future, when biogas and other renewable 
gasses have taken over

•	 Work for a strengthened grid infrastructure in the 
EU in order to ensure a well-functioning electricity 
market. 

A cohesive and intelligent energy system 

Electricity will be the dominant energy carrier in the 
future energy system with rapidly increasing electricity 
consumption. Moreover, wind power’s share of electricity 
production will grow. Against this backdrop, flexible con-
sumption will be important for operation of the system. 

This will require enhancing cross-border transmis-
sion capacity considerably, in order to ensure efficient 
incorporation of wind power in particular into the Danish 
electricity supply system. 

Furthermore, an intelligent system with ongoing temporal 
adjustments between production and consumption of 
electricity can provide for even greater flexibility. In this 
context, increased use of electricity boilers for district 
heating production, flexible electricity consumption in in-
dustry, and flexible recharging of electric cars will be key. 

This will reduce the need for investments in produc-
tion capacity, however there is still the need to develop 
cheaper solutions for intelligent electricity consumption in 
a number of areas, and a large-scale roll-out is therefore 
not appropriate at present. 

Gas will come to play an important role in a future with 
fossil fuel independence. For example, biogas-fired CHP 
plants can serve to balance intermittent wind power 
production. Hence, an up-to-date gas infrastructure for 
the use of biogas and other renewable gasses will be 
needed, e.g. gas formed from gasification of biomass or 
from electricity.

Background The government will 
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•	 Carry out a technology assessment in 2011 and 
subsequently every three years in order to ensure the 
right framework for new technologies to support the 
targets for reducing greenhouse gas emissions from 
the transport sector in the short term up to 2020, 
and in the long term up to 2050

•	 Secure a requirement for 10% biofuels by 2020

•	 Push in the EU for more comprehensive sustainability 
requirements for first generation biofuels, and the op-
tion to prioritise second generation biofuels

•	 Establish a fund of DKK 25 million to provide state 
co-financing for the establishment of recharging sta-
tions for electric cars in order to kick start develop-
ment in the area and design appropriate regulation 

•	 Push in the EU for the promotion of electric cars, 
amongst other things through enhanced harmonisa-
tion and standardisation of technologies for elec-
tric cars; and push for the establishment of a car 
recharging infrastructure throughout the EU, which is 
coordinated with the regulation of intelligent infra-
structure 

•	 Push in the EU for more intensive research and 
development efforts within green transport technolo-
gies; and for tighter requirements for the energy 
efficiency and carbon emissions of cars. 

A transition to green energy 
in the transport sector 

The transport sector accounts for approximately one-
third of the total use of fossil fuels and is today almost 
fully dependent on fossil fuels. The transport sector will 
therefore have to go through a radical transition before 
2050. This transition will depend extensively on inter-
national technological developments within the field, as 
currently there are no alternatives to fossil fuels which are 
competitive in terms of technology and price. However, 
several promising technologies are emerging, with for 
example biomass and electricity. At the same time, 
alternative transport technologies are showing a clear 
tendency towards falling costs. 

In the short term, increased use of biofuels is expected, 
and it is anticipated that improved fuel efficiency in tradi-
tional combustion engines will play a key role. In the long 
term, much of the transition to fossil fuel independence 
in the transport sector will probably have to be based on 
more electric power. Electric power will moreover repre-
sent a huge energy efficiency improvement, as electric 
motors are far more energy efficient than combustion 
engines. 

Transition in the transport sector will firstly have to be 
promoted by establishing the required framework as well 
as an infrastructure in Denmark and in the EU, which 
can ensure the initial transition and a basis for building 
experience. When the technologies have achieved suf-
ficient technological and price maturity, the subsequent 
phases of transition will have to pave the way for a 
broader roll-out of, as well as a large-scale transition to, 
these technologies. The work to establish the required 
framework and infrastructure is already well under way 
in Denmark, e.g. the government has agreed to exempt 
electric cars from the vehicle registration fee and car tax 
up to and including 2015. 

Background The government will 
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•	 Carry out regular evaluation of the effect of instru-
ments deployed in order to ensure adequate pro-
gress towards the goal of fossil fuel independence 
and to ensure cost-effectiveness in overall efforts, 
including developing an analysis tool which can help 
clarify security of supply issues

•	 Carry out an evaluation of overall efforts every four 
years

•	 Carry out an examination of the subsidy and tax sys-
tem in order to assess the need for adjustments of 
the existing system. This should be seen in the con-
text of Denmark’s international climate and energy 
commitments as well as the objectives for fossil fuel 
independence in the strategy, and the public budget

•	 Establish an economic model for use in the energy 
sector, in order to improve the basis for performing 
socio-economic analyses within climate and energy. 

An energy system with appropriate 
financial incentives 

A cost-effective transition to fossil fuel independence 
requires financial incentives, which as far as possible 
are uniform across different sectors of society. This will 
ensure the expansion of the renewable energy technolo-
gies that are the most competitive under current world 
market prices for fossil fuels, CO2 emissions and renew-
able energy.

The government will therefore analyse the existing sub-
sidy and tax system in the energy and transport sectors 
and examine the consequences of gradually increasing 
the taxes on fossil fuels. The dual purpose is to ensure 
government revenues, and thus the basis for continued 
welfare, and at the same time reduce the use of fossil 
fuels with cost-effective incentives. Tax-related issues 
with relevance for heat production, e.g. excess heat, will 
be examined in connection with the analysis.

In light of the uncertainties linked to technological 
development and fuel prices, the results of efforts will 
be monitored systematically and they will be subject to 
regular evaluation.

Background The government will 
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•	 Undertake a strategic review of the public research, 
development and demonstration initiatives in the 
climate and energy area in order to support the tran-
sition to fossil fuel independence as well as the needs 
of the business community. Ways to improve coordi-
nation and interaction between relevant programmes 
and councils will also be identified

•	 Prioritise a doubling of the funds in the EU’s future 
budget for research, development and demonstration 
up to 2020 in the energy and climate change areas, 
particularly for renewable energy, smart grids and 
energy efficiency 

•	 Enter into partnerships with private enterprises, 
research institutions and others, where this can 
contribute to developing, testing, and preparing for 
market of Danish cleantech solutions, e.g. wind solu-
tions and bio-based products

•	 Actively support the establishment of larger test envi-
ronments for green solutions in Denmark such as the 
wind turbine test centre at Østerild. The large, green 
support programmes such as the EUDP, Green Labs 
and the Innovation Foundation will be supplemented 
by partnerships or additional support for setting up 
more specific testing grounds such as “Samsø as a 
fossil fuel free island”

•	 Present an overall plan for test turbines

•	 Carry out a series of technology assessments in 
collaboration with experts from the business com-
munity and research in order to support a cost 
effective framework for using renewable energy. The 
technology assessments will focus on a wide array of 
technology areas

•	 Investigate the need and opportunities for ensuring 
sufficient recruitment of university graduates and 
researchers into the green area.

A transition which creates 
green growth through research, 
development, demonstration 
and preparation for market 
In a number of areas development of more efficient and 
cost-effective energy technologies is required. Strong ef-
forts are therefore needed in research, development and 
demonstration (RD&D) in the energy area. 

Enhanced energy research initiatives also support the 
possibilities of the Danish energy and climate sector in 
the growing international market for green technology by 
enabling large-scale demonstration and access to test 
environments.

With the Erhvervsklimastrategien (climate strategy for 
companies), the government improved the frame-
work conditions for Danish clean tech companies, e.g. 
through the establishment of Green Labs and through 
the market maturity efforts of the Innovation Foundation. 
In overall terms in 2010, the government ensured for 
instance more than DKK 1.5 billion for RD&D and market 
preparation of new green solutions to make them more 
profitable on market terms.

Further focus and coordination of the allocations for en-
ergy technology (RD&D) is needed. Danish research and 
development cannot lead the way in all green technology 
areas. It is important that efforts are more targeted and 
support the focus areas in Energy Strategy 2050.

Therefore, the government will identify and assess 
energy-technology RD&D initiatives, in cooperation with 
relevant players, in order to identify areas where strategic 
support for research, development and demonstration 
has the greatest societal value. On the basis of such an 
assessment, a number of specific “flagships” could be 
established, underpinning the robust focus areas in En-
ergy Strategy 2050 as well as current Danish commercial 
strengths. 

Background The government will 
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•	 Work in international forums such as the UN, the 
OECD, the Rio+20 Conference, the International 
Energy Agency, and the Clean Energy Ministerial etc. 
for: 

•	 ambitious, global efforts for the climate. Primarily 
by having countries’ reductions efforts implement-
ed and enhanced through negotiations within the 
UNFCCC as well as through expansion of the 
regional allowances trading systems, enhancing 
the global carbon market through improvements 
in the institutional framework for international and 
national project-based reductions after 2012, 
and by enhancing environmental integrity through 
requirements and standards for utilising climate 
credits in the EU and UN after 2012

•	 promotion of a green growth agenda, for example 
Green Economy is a main theme for the Rio+20 
conference in 2012 on sustainable utilisation 
of natural resources in a social and economic 
context 

•	 energy efficiency and transition to clean and 
renewable energy such as ”smart grids”, electric 
cars etc.

•	 phase-out of subsidies etc. for fossil fuels

•	 Work to establish a Global Green Growth Forum

•	 Support green transition in developing countries, not 
least the very poorest, in accordance with the coun-
tries’ economic and social development goals, in 
particular through conversion of the energy sector to 
more renewable energy and greater energy efficiency 
of the transport sector and other relevant sectors. 
This involves developing reduction and adaptation 
strategies, including methods to calculate emissions.

Ambitious endeavours for 
a global transition 

Security of energy supply is best achieved when all 
countries cooperate to minimise and make the con-
sumption of scarce resources more efficient. Similarly, 
only global action can solve the climate challenge. Most 
countries have submitted reduction initiatives to the 
UNFCCC. Enhanced global reduction efforts are required 
to meet the climate challenge and bring about greater 
focus on efficient and innovative solutions which can re-
alise reduction commitments and develop new solutions 
to adapt countries to climate impacts. 

At the same time, such a transition to a global green 
economy will create a significant international economic 
growth potential; a potential from which Denmark can 
also benefit through exports of Danish green solutions. 
In addition, if other countries also implement stricter 
requirements for their industry and businesses, the risk 
of impairing the competitiveness of the most ambitious 
countries will be reduced. 

Therefore, Denmark will push for a global green transition 
in international forums. Further to this, the government 
will work to establish a Global Green Growth Forum 
to create an annual global forum for dialogue between 
leading international politicians, businesses, experts 
and investors on the transition to a global green growth 
economy. The main themes will be the role of the busi-
ness community in the green transition, financing green 
growth, and the political framework conditions for green 
growth within sectors such as transport, energy and 
water. The initiative is to contribute to the development 
of specific solutions and responses to the global growth 
challenges and also to help maintain and enhance Den-
mark’s brand in the green area.

Background The government will 
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•	 Promote a long-term vision for an EU independent 
of fossil fuels as a starting point for a strengthened 
European energy policy, including time perspectives 
and possible milestones within a socio-economically 
sustainable framework 

•	 Endeavour to raise the common EU greenhouse gas 
emissions 2020 target from 20% to 30% compared 
with the 1990 level in a way that ensures employ-
ment, competitiveness and fair burden sharing 

•	 Urge the EU to adopt an ambitious long-term 
strategy to support a low-carbon energy supply and 
greater fossil fuel independence in the transport sec-
tor

•	 In the EU, prioritise a doubling of the funds for 
research, development and demonstration in the 
energy area by 2020 compared with the todays level, 
including a significant increase in the EU’s future 
budget, particularly for renewable energy, smart grids 
and energy efficiency

•	 Push for the adoption of minimum standards for en-
ergy and CO2 taxes in the EU in connection with the 
revision of the EU Energy Tax Directive 

•	 Endeavour to develop EU’s energy infrastructure so 
that Denmark and EU member states can incorpo-
rate still larger amounts of renewable energy. 

An EU independent of fossil fuels 

An efficient step for both Danish and global transition 
would be if the entire EU were to move towards fossil 
fuel independence. 

In May 2010 the government sent a proposal to the 
European Commission to contribute to the preparation 
of a new European energy policy for the short, medium 
and long terms. 

The Danish government believes, that the energy 
agenda should be incorporated in all relevant EU policy 
areas: research, development, transport, agriculture, 
foreign affairs and the EU budget; and that EU energy 
policy and energy research should be given higher prior-
ity financially. 

In May 2010, the European Commission highlighted a 
number of advantages in increasing the greenhouse 
gas reduction target for 2020 from the current 20% to 
30% compared with 1990, including the advantage of 
stronger incentives for energy savings and more use of 
renewable energy throughout the EU. This would be a 
strong signal globally, but it would also contribute specifi-
cally to less dependence on fossil fuels and a better 
climate. Of course it should be done in such a way as to 
ensure employment, competitiveness and a fair burden 
sharing. 

Background The government will 
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•	 Analyse long term opportunities to reduce emissions 
from agriculture as part of cost effective climate ef-
forts 

•	 Promote a sustainable common EU agricultural 
policy, for example in relation to climate, so that 
agricultural policy can be used to promote climate 
friendly production forms, including innovative efforts 
and efforts targeted on shallow soil, and to ensure 
common green terms for competition in the agricul-
tural sector

•	 Evaluate the pilot project and potential to establish a 
possible permanent scheme for national JI projects 
in 2011 

•	 Improve conditions for expansion of biogas with the 
biogas package.

Reductions in agriculture’s emissions 
of greenhouse gases in the long term 

The realisation of fossil fuel independence through initia-
tives in the energy and transport sectors will ensure that 
Denmark comes a long way towards reducing emissions 
of greenhouse gases and meeting climate targets in 
the short and longer terms. However it is important that 
emissions are also reduced in other sectors. 

In addition to the energy and transport sectors, agricul-
ture is the largest emitter of greenhouse gases. Emis-
sions of nitrous oxide and methane from agriculture have 
been showing significant falls over a number of years, 
partly because of limits on nitrogen emissions in the ac-
tion plans for the aquatic environment. Today, agriculture 
accounts for 16% of total greenhouse gas emissions and 
approximately one-third of greenhouse gas emissions for 
the non-ETS sectors. 

A number of initiatives to reduce greenhouse gas emis-
sions from the sector have already been decided and 
are being implemented. For example the Green Growth 
agreement for better conditions for using biomass and 
biogas for energy purposes is helping support farmers to 
supply green energy. The government’s proposed biogas 
package will also contribute to reducing emissions from 
agriculture. In the future it is important, that Danish ef-
forts stay in line with other countries to avoid unequal 
competition which will impact the competitiveness of 
Danish farmers.

Background The government will 
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•	 Secure a more transparent framework for using the 
existing infrastructure in order to improve possibilities 
to expand economically marginal oil and gas occur-
rences 

•	 Implement a review of the framework for oil and gas 
extraction for future tendering rounds and for the use 
of CO2 injection to improve extraction rates 

•	 Analyse the exploration potential in Denmark and 
assess when, and on what terms, new exploration 
licences can be offered (7th round)

•	 Promote a new phase of the Joint Chalk Research 
collaboration between Danish and Norwegian au-
thorities and oil companies with a view to increasing 
oil extraction from chalk fields 

•	 Promote exploration for new oil and gas fields in 
deeper layers through a project led by the Geological 
Survey of Denmark and Greenland (GEUS) in re-
search collaboration with oil companies. The project 
will assess opportunities for new oil/gas finds and 
reassess existing finds in deep layers 

•	 Negotiate with oil companies for a new action plan 
to replace the existing plan for more energy efficient 
extraction of oil and gas from the North Sea 

•	 Examine possibilities to improve and coordinate au-
thority administration of oil and gas activities onshore 

•	 Analyse opportunities to secure recruitment for the oil 
sector through education initiatives in the field of oil 
and gas

•	 Negotiate a new environment action plan with the 
oil companies to secure lower environmental impact 
from oil and gas extraction in the North Sea and 
evaluate and possibly revise the strategy for inspec-
tion by the Danish Energy Agency of safety and 
health conditions in the North Sea. 

An efficient and environmentally sound 
utilisation of North Sea resources 

In recent years, oil and gas production in the North Sea 
has been crucial for the Danish economy. Since 1995 
Denmark has had a surplus on its trading balance for oil 
and gas, and up to 2009 government revenues from oil 
and gas activities have corresponded to more than DKK 
250 billion in today’s prices. 

This has given economic leeway for more welfare and to 
the repayment of national debt. At the same time, oil and 
gas activities have created economic growth and a large 
number of specialist jobs in oil companies, research, 
and not least in western Denmark, where there are more 
than 250 offshore-related companies in the Esbjerg area 
alone. This has provided experience and knowledge 
which could also be developed in connection with future 
green offshore activities.

Oil production peaked in 2004, and it is expected to 
drop by 37% up to 2014 in relation to 2009. Although 
North Sea production has been falling in recent years, 
it has been estimated that there are still oil and gas 
resources in the Danish subsurface to contribute to the 
economy. 

The technology of today only extracts approximately a 
quarter of the oil lying in the known fields. More effec-
tive exploitation of oil and gas resources as well as new 
discoveries could therefore provide government rev-
enues and contribute to securing sound public finances 
whilst helping to cover the increasing global demand for 
energy. 

Background The government will 
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4
On the way towards fossil fuel independence by 2050 

– effects and benefits of the government’s initiatives 

In addition to the benefits for the environment 

and climate from the new initiatives, the  

strategy will also provide Danish companies 

with new opportunities to exploit the global 

green growth potential.
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The government’s strategy contains a wide range of 
initiatives to bring Denmark closer to its objective of 
an energy and transport system without fossil fuels by 
2050; initiatives which will also help meet the energy and 
climate targets already set out in the short and medium 
term. The strategy will already have significant effects 
in the period 2011-2020, in the form of reduced use of 
fossil fuels, increased use of renewable energy, reduced 
energy consumption, cuts in greenhouse gas emissions 
and enhanced security of supply. With this strategy, the 
government is establishing a flexible framework for long-
term efforts, but needless to say the transition will require 
further initiatives in the period after 2020 to realise the 
goal by 2050.

In addition to the benefits for the environment and 
climate from the new initiatives, the strategy will also pro-
vide Danish companies with new opportunities to exploit 
the global green growth potential by ensuring stronger 
cohesion between innovation, production and sale of 
new technologies to the advantage of Danish exports. 

Phase-out of fossil fuels 
in the energy sector

As appears from the government’s three tracks for the 
transition, the phase out of fossil fuels will take place at 
different rates. The transition will first be in the energy 
sector, whereas large-scale conversion of the transport 
sector is expected later, once the non-fossil based alter-
native fuels have become financially and technically more 
attractive.

The government’s new initiatives to improve energy effi-
ciency and expand renewable energy will already provide 
a significant reduction in the use of fossil fuels over the 
next ten years. With the initiatives the government is 
presenting, the use of fossil fuels in the energy sector will 
be cut by 33% by 2020 relative to the 2009 level. The 
greatest contribution to this reduction will come from the 
government’s initiatives to increase the use of biomass, 
biogas and biofuels, expand wind power and increase 
energy efficiency.

Figure 4.1 Fossil fuel use in the energy sector 2009-2020 
(excluding transport, extraction and refining).  
Source: Danish Energy Agency

The electricity sector in particular will see a very signifi-
cant reduction in the use of fossil fuels. With the govern-
ment’s new initiatives, the share of renewable energy 
will account for more than 60% of overall electricity 
consumption in 2020, against 29% in 2009. Wind power 
alone will cover more than 40% of electricity consump-
tion in 2020, compared with just 19% in 2009. A high 
share of renewables in the electricity supply also implies 
electrification of an ever greater share of energy con-
sumption for transport, heating and industrial processes.

‘The largest contributions come from increased 

wind power, increased use of biomass and 

energy efficiency
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Lower oil consumption in 
the transport sector

A substantial conversion of the transport sector to non-
fossil alternatives will not happen within the next ten 
years. A substantial shift of this type is both technically 
and financially unrealistic in the short term. It is ex-
pected that the use of oil will stabilise within this decade, 
amongst other things because of greater use of biofu-
els and increased efficiency. A more efficient transport 
sector provides a sound basis for subsequent reduc-
tions in the transport sector’s use of oil as alternatives 
to transport powered by petrol and diesel become more 
competitive. A technology shift from oil-based transport 
to non-fossil alternatives is the challenge that will have to 
be dealt with in the next decades. 

Figure 4.3. The transport sector’s use of oil 1990-2020  
Source: Danish Energy Agency
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Figure 4.2 Share of renewable energy in electricity produc-
tion 2009 and 2020. Source: Danish Energy Agency
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On the way towards fossil-
fuel independence

Total use of fossil fuels in Denmark, that is, the use of 
fossil fuels for energy, transport, and for extraction and 
refining purposes, will be reduced by 18% by 2020, 
relative to 2009, due to greater use of biomass, wind, bi-
ogas and biofuels as well as increased energy efficiency. 

Figure 4.4 Consumption of fossil fuels and RE in 2009 and 
2020 (excluding extraction and refining)  
Source: Danish Energy Agency

The government’s strategy entails ambitious efforts for 
the period up to 2020, but also points onwards to 2050. 
With considerable reductions in the use of fossil fuels in 
the energy sector, stabilisation of oil use in the transport 
sector, and a framework for future efforts, the govern-
ment’s strategy is a huge step towards the target of 
phasing out fossil fuels completely by 2050, see figure 
4.5. However, realising the goal by 2050 will require a 
continuation of existing efforts and implementation of 
new initiatives in the period after 2020. 

Figure 4.5. Consumption of coal, oil and natural  
gas 1990-2050. Source: Danish Energy Agency

Phasing in renewable energy 

With the proposed initiatives, it is estimated that the 
share of renewable energy will reach 33% in 2020, up 
from around 20% in 2009. In other words, with this 
strategy, Denmark will exceed the EU target of a 30% RE 
share by 2020 by 3 percentage points. 
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Figure 4.6. Share of renewable energy in final energy con-
sumption 2006-2020. Source: Danish Energy Agency

The significant expansion of renewable energy will 
ensure, that Denmark keeps its place as a global leader 
in raising its RE share. Up to 2020, consumption of bio-
mass, wind, biogas and biofuels will increase significantly 
as a consequence of existing and new initiatives. With a 
significant increase in solid biomass, biogas as well as 
biofuels, bioenergy will continue to make up the major-
ity of total renewable energy consumption in 2020, see 
figure 4.7. 

Figure 4.7 Renewable energy in primary energy consump-
tion 2000-2020. Source: Danish Energy Agency

It has been estimated that the RE share will continue to 
increase after 2020, depending on price developments, 
new initiatives etc. With the government initiatives for 
expansion of wind and biomass, Denmark is well on its 
way to having an energy and transport system based 
on renewable energy by 2050. This is illustrated in figure 
4.8. 

Figure 4.8. RE-share 2010 to 2050 
Source: Danish Energy Agency

A lower energy consumption

With the proposed initiatives, this strategy will help 
reduce gross energy consumption in 2020 by signifi-
cantly more than expected, as it has been estimated, 
that gross energy consumption will be reduced by 6% 
by 2020, relative to 2006. Thus, the target of reducing 
gross energy consumption by 4% by 2020 compared to 
2006 will be more than met. This means, that Denmark 
is well on its way to meeting the government’s goal of 
being one of the three most energy-efficient countries in 
the world by 2020. 
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Figure 4.9. Primary energy consumption 2006-2020 
Source: Danish Energy Agency

Maintaining the high security 
of energy supply

The government strategy will improve Denmark’s energy 
supply security in the short term as well as in the long 
term. Ever-lower gross energy consumption and reduc-
tions in imports of fuels will mean that Denmark will be 
less dependent on politically unstable regimes and will 
result in a greater robustness with regard to unstable en-
ergy prices and supply crises. Thereby, a higher degree 
of security of supply will be achieved than in a system 
with greater energy consumption and more dependence 
on imports of fuels. 

Paradoxically, an energy and transport system with 
greater electrification of end consumption, and there-
fore greater electricity consumption as a whole, is not 
significantly more vulnerable to physical breakdowns in 
the electricity system. This is because by far the greatest 
part of the extra electricity consumption is flexible and 
will therefore not be affected by any brief failures in the 
electricity supply. On the other hand, maintaining the se-
curity of supply in an energy and transport system based 
on fluctuating energy sources such as wind requires a 
strong electricity infrastructure, more trade with foreign 

suppliers, a well functioning electricity market and back-
up capacity. It also requires storage facilities for electric-
ity and heating. 

On the way to meeting climate 
objectives by 2020 and 2050 

Greenhouse gas emissions will be reduced in line with 
the phase out of fossil fuels. With the government initia-
tives, Denmark is well on the way to meeting the Danish 
climate commitment for the period 2013-2020, while at 
the same time setting a long-term course towards an 
economy with a very low climate impact. 

However, reducing greenhouse gas emissions poses a 
challenge that extends beyond the energy and transport 
sector. CO2 constitutes just under 80% of Denmark’s 
total greenhouse gas emissions. After CO2, the greatest 
contributors to Danish greenhouse gas emissions are 
nitrous oxide and methane, which primarily stem from 
agriculture. However, emissions from waste and indus-
trial processes also contribute to total greenhouse gas 
emissions.

 Figur. 4.10. Observed emissions by type of greenhouse 
gas in 2008. Source: National Environmental Research Institute (NERI)
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Reduction of non-ETS emissions

Efforts to reduce greenhouse gas emissions are required 
in the short term if Denmark is to meet its commitments 
for 2020, i.e. to reduce non-ETS emissions by 20% 
by 2020 in relation to 2005. In 2008, non-ETS emis-
sions made up approximately 58% of Denmark’s total 
emissions and included greenhouse gas emissions 

As part of the EU climate and energy package of 2008, a 
common EU target for the non-ETS sectors was set for 
a reduction of approximately 10% by 2020 in relation to 
2005. The common target has been divided into national 
reduction commitments. Denmark has committed itself 
to reducing non-ETS emissions by 20% by 2020 in rela-
tion to 2005. Denmark’s reduction commitment is one 
of the highest in the EU. In comparison, other member 
states have reduction commitments that lie between 
-20% and +20%, see Figure 4.11. 

In contrast to the commitment period 2008-2012, where 
the emissions average throughout the period may not 
exceed the commitment target, commitments for the 
period 2013-2020 are annual commitment targets. This 
means that member states must meet a fixed reduc-
tion target every year. Reduction targets follow an ever 
increasing linear path with a fixed increase from the 
start in 2013 until the final target is reached in 2020. In 
Denmark’s case this corresponds to 20 % reduction in 
relation to 2005. Thus a reduction path is created made 
up of annual sub-targets. Member states may exceed 
their commitment targets in the first years, so as to ‘save 
up’ for years to come.

Figure 4.11 Burden sharing of the EU reduction commit-
ment in non-ETS sectors by 2020 relative to 2005

Box 4.1 Target for 20% reduction in non-ETS emissions by 
2020 

from transport, agriculture, households, waste and less 
significant parts of industry and the energy sector, e.g. 
small-scale CHP plants. ETS emissions primarily stem 
from electricity and heat production as well as energy-
intensive companies, and are regulated by the EU Emis-
sions Trading Scheme. 
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Efforts for greenhouse gas reductions made until now 
have laid the foundation for compliance with the reduc-
tion commitment. A number of the government initia-
tives to reduce fossil fuel use will also lead to significant 
reductions in the non-ETS sectors. All in all, it has been 
estimated, that the government’s new initiatives will 
reduce non-ETS emissions by 4-5 million tonnes CO2 
equivalents in the period 2013-2020. The greatest effect 
will be achieved from enhanced efforts to improve en-
ergy efficiency. In addition, effects will also be achieved 
by conversion away from individual heating based on oil 
and gas, a greater share of biofuels, an improved frame-
work for using biogas and free choice of fuel. 

This will allow for a flexible and dynamic choice of further 
climate initiatives in sectors such as agriculture, waste 
and transport. The government will follow up on efforts 
regularly to ensure compliance with the 2020 climate 
commitment, and launch new initiatives as required. 

Significant greenhouse gas 
reductions in the long term 

The need for significant reductions with regard to total 
greenhouse gas emissions in the long term also requires 
that the right foundation is laid down early in the pro-
cess. Thus short term efforts will contribute to steering 
Denmark in the right direction with regard to the com-
mon EU objective of an 80%-95% reduction by 2050 
relative to 1990. Even though the EU target cannot be 
translated into a Danish reduction commitment, it gives 
an impression of the challenge facing Denmark with 
regard to long term reductions. 

Total greenhouse gas emissions will be further reduced 
in line with the phasing out of fossil fuels. Calculations 
made by the Danish Commission on Climate Change 
Policy show that when Denmark’s energy and transport 
systems no longer use fossil fuels, and therefore have 
more or less no carbon emissions, Denmark’s green-
house gas emissions will be reduced by approximately 
75%. Thus Denmark will be able to contribute to meeting 
the EU objective, as well as the objective to limit the av-
erage temperature rise to 2°C, as agreed in Copenhagen 
in 2009 and in Cancún in 2010. However, cost-effective 
reduction of total emissions requires efforts to limit 
greenhouse gas emissions outside the energy sector, 
both CO2 and other greenhouse gases, see figure 4.12. 

Figure 4.12. Denmark’s greenhouse gas emissions in 1990, 
2008, 2020 and 2050 (adj. emissions, excluding carbon 
storage). Source: Danish Energy Agency/Danish Commission on Climate 

Change Policy (2050-scenario)
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A transition creating green growth 

Many other countries are facing the same challenge; to 
move their economies away from dependence on fossil 
fuels. This will lead to a growing global market for renew-
able energy technologies and energy-efficiency improve-
ment solutions. 

The government has already launched a number of initia-
tives to support Denmark becoming an attractive place 
for research, development, demonstration and testing 
of energy technologies; for Danish as well as foreign 
companies. With the Erhvervsklimastrategien (climate 
strategy for companies), the government presented its 
vision to create a new green growth economy in Den-
mark. In connection with this, framework conditions for 
clean tech companies were strengthened by e.g. estab-
lishing Green Labs DK and the market maturity efforts 
of the Innovation Foundation. In overall terms, in 2010 
the government allocated more than DKK 1.5 billion 
for research, development, demonstration and market 
preparation of new green solutions. In addition to this, 
the government has initiated establishment of a national 
test centre for wind turbines in Østerild in the north-
western part of Jutland. This test centre will meet the 
requirements of the wind turbine industry and research 
institutions for full-scale test facilities of the highest inter-
national standard. 

Initiatives with green growth potential 
In addition to energy and climate effects, the wide range 
of initiatives in Energy Strategy 2050 will also support 
Denmark’s strong position as a laboratory for green 
technology research, development and demonstration, 
notably for energy technology. 

•	 With regard to wind power, opportunities for a close 
interplay between test, demonstration and produc-
tion of wind turbines will be enhanced, equipping 
Danish companies to continue taking full advantage 
of the global expansion of wind power. 

•	 With regard to biomass and biofuels, increased use 
in combined heat and power production and trans-
port will improve Danish companies’ opportunities 
for development and innovation in a promising area 
in which Denmark has already demonstrated core 
competences. 

•	 With regard to biogas, improved framework condi-
tions will underpin Danish skills and strengthen the 
role of agriculture as a green energy supplier. 

•	 With regard to smart grids and electricity transmis-
sion, these will be expanded, and there will be great-
er integration of renewable energy into the electricity 
system; all areas in which Danish companies already 
have a strong position. 

•	 Last but not least, with regard to energy saving 
efforts, these will place Danish companies at the 
forefront of developments within energy efficiency 
solutions; solutions which will be in high demand by 
other countries. In addition, jobs will be created in the 
building and construction sector. 

Research, development, demonstration and preparation 
for market will also in future be pivotal and contribute to 
continued innovation and testing of Danish energy tech-
nology. The government initiatives aim at stronger focus 
and coordination of allocations for energy technology re-
search, development and demonstration. Moreover, the 
Danish government will enter into partnerships with the 
business community to strengthen coordination of pri-
vate and public efforts in the areas above, for example. 
The government will also increase its focus on providing 
Danish and foreign cleantech companies in Denmark 
with access to highly qualified labour and research com-
munities with skills in green energy. 

Government initiatives will strengthen cohesion between 
development, testing, production and sale of new tech-
nology, and thereby strengthen companies’ opportunities 
for innovation and demonstration of new green solu-
tions. Thus this strategy provides Danish companies with 
a good launch pad for exporting to a rapidly growing 
global market. 

Under the auspices of the EU, the Danish government 
is pushing to promote CO2 reductions, energy sav-
ings and the use of renewable energy across member 
states. These efforts are contributing to securing sales 
of efficient and renewable energy technologies within the 
EU and to ensuring fair competition, which will benefit 
Danish companies. 
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Thus this strategy provides Danish companies 

with a good launch pad for exporting to a  

rapidly growing global market. 
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A fully financed transition 

An economically responsible transition  

is important for the Danish government.  

Therefore all the new initiatives in the  

government’s strategy are fully financed.
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The transition to fossil fuel independence will not be free. 
It will cost money to convert to more energy efficient 
technology and renewable energy. It will require invest-
ment which in the long term will mean lower fuel costs, 
but which in the short term will often be more expensive 
than the fossil alternatives. In the longer term, transition 
will result in an economy less vulnerable to fluctuating 
energy prices, and Denmark will make its contribution to 
meeting the costs arising from extensive global climate 
change. If these benefits are taken into consideration, 
the extra costs of the transition to a society without fossil 
fuels will overall be modest, although transition will have 
to be gradual and over a long time period. 

An economically responsible transition is important for 
the Danish government. Therefore all the new initiatives 
in the government’s strategy are fully financed. Further-
more the financing has been designed with full respect 
for existing economic policies and in a way, which retains 
the overall competitiveness and employment of Danish 
companies, and which provides new opportunities for 
green growth.

In line with the phasing out of fossil fuels, government 
revenues from taxes on fossil fuels will naturally fall as 
well. This means that the government’s revenue base will 
deteriorate with an unchanged tax system. This in turn 
means that there will be a need to gradually introduce 
taxes on other energy sources to ensure government 
revenues, and thus the basis for continued welfare. 
Together with continued taxes on fossil fuels, transition 
can be financed while also ensuring the right incentives 
to reduce the use of fossil fuels. 

In any case, changes in the existing tax system will have 
to take full account of the competitiveness of Danish 
businesses and the finances of individual households. 
There is no benefit in conducting energy and climate 
policy at the cost of Danish businesses and Danish jobs. 
However, neither is it possible to exempt the business 
community entirely from the burden of transition to fos-
sil fuel independence. The government’s strategy has 
established a balance between competitiveness and the 
need for a fair distribution of the burden of transition. 

The transition to fossil fuel independence 

will not be free. 
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A fully financed package of initiatives 

The government’s new climate and energy policy 
initiatives up to 2020 are fully financed. This also ap-
plies to tax revenue losses resulting from lower energy 
consumption and in particular lower consumption of 
fossil fuels. This implies, that the transition to fossil fuel 
independence will primarily be financed by the energy 
consumers, who will also reap advantages in the form of 
lower fuel costs and better security of supply. 

Financing energy saving initiatives through grid 
tariffs and energy consumers
The costs of energy companies relating to energy sav-
ing initiatives are covered through the companies’ grid 
tariffs, and thus ultimately paid by energy consumers. 
The grid tariffs are subject to financial regulation set in 
advance. The regulation is implemented by executive or-
der following political negotiations. If the increases in the 
obligations are distributed proportionately on the basis 
of current consumption, the higher costs will be more or 
less equally distributed between electricity consumers, 
district heating consumers and oil and gas customers. 

Figure 5.1 Financing the government’s proposal 

Increased energy efficiency in 
buildings and businesses

New initiatives for renewable 
energy expansion 

State revenue losses due 
to reduced consumption 

of fossil fuels 

Other new initiatives 

Estimated at 

DKK 0.6 billion in 2020

Estimated at  
DKK 1.4 billion in 2020

Estimated at 

DKK 1.6 billion in 2020

Estimated at DKK 0.2 billion 
over the period 2011-2014

Financed through energy company  
tariffs and thus by energy consumers  
(electricity, heating, oil, gas). 

Financed primarily through the Public 
Service Obligation (PSO), which is charged 
over the electricity bill. In addition, a new 
gas PSO scheme will be introduced 
and charged over the gas bill. 

Financed through the introduction of a 
security of supply tax which will contribute 
to a revenue-neutral green transition.

Financed by re-allocating existing funds 
in the energy and climate budget, 
including remaining funds from the existing 
scheme for scrapping oil furnaces. 
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Most of the funds charged by energy companies to en-
ergy consumers in 2020 to meet the savings obligations 
will be used as subsidies for companies and households 
to buy energy efficient equipment and energy consul-
tancy. The costs of energy saving efforts will therefore to 
a large extent be recouped through falling energy con-
sumption and thus lower energy costs for consumers.

Financing renewable energy expansion through 
the PSO scheme
Government initiatives to expand renewable energy 
up to 2020 include an offshore wind farm at Kriegers 
Flak, coastal wind turbines and onshore wind turbines, 
biomass in electricity and heat production, as well as 
biogas. These initiatives are financed through the PSO 
scheme (Public Service Obligation). The PSO contribu-
tion is a supplement to the price of electricity which, 
in addition to expanding renewable energy, finances 
subsidies for small-scale CHP plants, electricity-related 

research, development and demonstration, as well as 
other common costs of the electricity system. The PSO 
contribution is paid by all electricity consumers through 
their electricity bills, although there is an upper limit. 

As a new element, a small proportion of the PSO costs 
will be covered by gas consumers. This will finance the 
costs of replacing some of the natural gas in the grid 
with biogas. Gas consumers are expected to have to 
pay DKK 0.2 billion of the total PSO costs in 2020. In 
addition to this, some of the expansion of biogas will be 
financed through the security of supply tax.

With these government initiatives, PSO costs will gradu-
ally increase up to 2020, when additional PSO costs will 
amount to DKK 1.4 billion and the total PSO payments 
will therefore amount to almost DKK 4.5 billion (2011 
prices).

An important tool to achieve more efficient 

buildings and businesses is to increase the  

energy saving obligations
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Figure 5.2 PSO costs 2002-2020 (2011 prices)  
Note: the negative contribution to PSO costs from the 
new biogas initiatives is because some of the subsidies for 
biogas will in future be granted outside the PSO system.
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Since the introduction of the scheme in the late 1990s, 
the PSO payment has fluctuated as a result of varying 
market prices for electricity, which affect the need for 
support for renewable energy; varying rates of renewable 
energy expansion; and changes in RE subsidy rates. 
Even with significant expansion of renewable energy 
towards 2020, both as a result of the government’s new 
initiatives and policies already implemented, the total 
PSO payment will not reach more than the level in 2002-
2004 (at fixed prices). The reason it is possible to finance 
more renewable energy without the total PSO payment 
increasing to record levels is that the need for support 
for renewable energy per unit is falling and that previous 
support is falling away. In other words there will be more 
and more renewable energy for the same cost. 

Financing lost state revenue through a security of 
supply tax 
As the consumption of fossil fuels drops as a conse-
quence of energy-efficiency improvements and more 
renewable energy, state revenues from taxes on coal, 
oil and gas will also drop. Revenue losses will increase 
gradually in line with the phase-out of fossil fuels and 
will amount to approximately DKK 1.6 billion in 2020. In 
order to finance this loss in revenues, the government 
will introduce a security of supply tax which, mirroring 
revenue losses, will gradually raise energy taxes on all 
fuels for space heating, i.e. coal, oil and gas as well as 
biomass. It is estimated that a security of supply tax of 
approximately DKK 17 per GJ in 2020 will secure neutral 
government finances and therefore this figure has been 
used in the following calculations. The exact tax rates 
and phase-in will be finally determined in connection with 
the specific implementation in future legislation.

In order to relieve the burden of the security of supply 
tax for consumers already paying high taxes on fossil 
fuels, the tax increase on fossil fuels already taxed will be 
reduced by approximately DKK 7.5 per GJ in 2020. This 

adjustment will also establish a better balance between 
taxation of fossil fuels and taxation of biomass, which the 
Tax Commission proposed and which the Commission 
on Climate Policy Change also suggested. The security 
of supply tax will provide revenues of approximately DKK 
2.0 billion in 2020. 

Furthermore, taxes on electricity and fossil fuels used for 
industry will be reduced by approximately DKK 3-3.5 per 
GJ in 2020 compared with what was otherwise planned 
in the Spring Package 2.0 in order to relieve the tax 
burden for the business community by DKK 0.4 billion in 
2020 for reasons of competitiveness. This means total 
revenues will amount to approximately DKK 1.6 billion in 
2020, ensuring that overall the government’s proposal is 
neutral in terms of total government revenues.
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The proposed security of supply tax, combined with 
the tax relief for energy use for industrial processes will 
especially affect households, but it is also important to 
consider a number of benefits for heating consumers 
from the other initiatives in the government proposal. 
The proposed changes in heating settlement and the 
free choice of fuel means better access to lower taxed 
fuels such as biomass and biogas and therefore lower 
heating bills for a large number of consumers. Efforts for 
energy savings will also be intensified with correspond-
ing benefits for consumers. From an overall perspective 
therefore regulation will be adapted on market terms to 
the benefit of consumers. This is then financed through 
a security of supply tax, which adjusts taxes on fuel used 
in heat production. 

The security of supply tax in itself also provides an incen-
tive for more efficient energy consumption for heating 
– for example to insulate housing better and to install 
heat pumps instead of gas furnaces when replacing old 
installations. 

The strategy includes a large number of  

smaller initiatives to support and prepare  

for the transition to fossil fuel independence

Financing new energy policy initiatives through 
reprioritisation
The strategy includes a large number of smaller initiatives 
to support and prepare for the transition to fossil fuel 
independence. There are very specific initiatives such 
as demonstration projects and subsidy pools for smaller 
renewable energy technologies. There are also broader 
initiatives to establish the right framework for the future 
transition. In total these initiatives will cost DKK 0.2 billion 
for the period 2011-2014.

Of course the initiatives require that financing is in place. 
It is proposed that the initiatives be financed by non-uti-
lised funds from the oil furnace scrapping scheme, which 
was decided in connection with the Central Government 
Budget for 2010. It has been assessed that it is possible 
to reallocate these funds partly because the scheme has 
not seen the expected demand and partly because it 
has been estimated that it is still financially viable to con-
vert to other types of heating, even without government 
subsidies. The full return on investment of for example 
installing a heat pump instead of an oil-fired furnace 
when replacement is due is typically of 5-10 years.

The goal of fossil fuel independence will increase 
pressure on public budgets gradually up to 2050 as a 
consequence of tax revenues lost by reduced use of 
fossil fuels. In order to support the objective of fossil fuel 
independence, it is necessary to amend the environ-
mental clause of the government’s tax freeze, so that the 
guidelines for the tax freeze are expanded as follows: 

“The government’s objective is that Denmark is to be 
independent of fossil fuels. This has the effect, that fossil 
fuels that are highly taxed will be replaced by other, more 
environmentally friendly types of energy taxed at a lower 
rate and in some cases tax exempt. In order to counteract 
this detrimental effect on tax revenues, other energy taxes 
may be increased, provided the overall tax burden is not 
increased.”

Box 5.1. Relationship with the government’s tax freeze
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Micro economic effects of the transition

The transition towards fossil fuel independence will 
strengthen growth opportunities considerably for Danish 
energy and climate companies. However, it is crucial for 
the government that the transition to fossil fuel inde-
pendence takes account of the competitiveness of all 
Danish companies.

Considered in isolation, financing the government’s new 
initiatives will incur additional costs for private business-
es, growing gradually to DKK 1.2 billion in 2020. This 
represents approximately DKK 600 per employee or ap-
proximately 0.1% of the gross added value in the entire 
private sector. In the longer term, it has been estimated 
that the burden will fall, in part as a result of falling costs 
of supporting RE production. Table 5.1 shows specifi-
cally what the initiatives will mean for energy costs for 
a medium-sized service company and a large energy-
intensive manufacturing company.

The calculations have been made on the basis of fuel 
and tax assumptions for 2020; the year in which addi-
tional costs are estimated to be highest. The increase will 
take place gradually up to 2020. Companies therefore 
have good opportunities to adapt to the new conditions.

For most of the business community, exemplified here 
by a medium-sized service company, this will involve 
modest additional costs and will not affect the com-
petitiveness of companies. However, increases in PSO 

contributions and taxes could impact competitiveness 
for a number of energy-intensive companies. 

Therefore, the government proposes that energy taxes 
on energy for industry be relaxed by DKK 0.4 billion, so 
that the whole business community escapes additional 
costs as a consequence of tax increases. However, 
companies will still contribute to renewable energy ex-
pansion and further energy efficiency efforts by paying a 
PSO contribution and a grid tariff. For a large, energy-in-
tensive company, this will mean, that additional costs are 
reduced to approximately 1.3% of the company’s energy 
costs in 2020. This will ensure the right balance between 
competitiveness and the need for a fair distribution of the 
transition costs. 

Furthermore, the government will direct half of the in-
crease in energy companies’ energy saving obligation to-
wards production companies, for example as subsidies 
to purchase energy-efficient equipment etc. Enhanced 
energy saving efforts could be a competitive advantage 
for energy-efficient companies in periods of increasing 
energy prices. 

With regard to conversion to more biomass in electricity 
and heat production, it is still possible to differentiate the 
price of heating and in so doing take account of busi-
ness customers. The government presupposes, that 
producers and buyers agree heating prices which are 
not unnecessarily detrimental to the competitiveness of 
businesses. 

Table 1: Examples of increases in energy costs in 2020 with the strategy in place 

Fully implemented  
in 2020

Total energy 
expenditure 
without proposal 

Expenditure in 
connection with 
proposal without 
reduction of 
energy taxes 

Expenditure in 
connection with 
proposal with 
reduction of 
energy taxes 

Change in 
relation to a 
situation without 
the proposal 

Medium-sized  
VAT-registered enterprise 
(About 250 employees)

DKK 0.65 mill. DKK 0.69 mill DKK 0.69 mill. +5,5 pct.

Large industrial enterprise 
in energy-intensive sector  
(About 400 employees)

DKK 100.0 mill. DKK 104.0 mill. DKK 101.3 mill +1,3 pct.
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A stable energy costs framework for  
Danish households 

The government’s new energy policy initiatives, and the 
financing of these, affect households in two ways. Firstly, 
energy saving efforts will be enhanced and there are 
a number of initiatives to promote conversion; initially 
away from oil, and later away from natural gas. This will 
require investment, but it will also reduce heating costs. 
Secondly, households will have to contribute to financing 
the green transition through slightly higher electricity and 
heating bills. 

Under all circumstances energy costs will increase as a 
result of amongst others the growth in oil prices on the 
world market. However, the new initiatives in the strategy 
mean that households will have to pay slightly more for 
the energy they use because of the gradually increasing 
taxes on energy for heating, gradually increasing PSO 
costs for renewable energy as well as gradually increas-
ing grid tariffs as a result of enhanced savings efforts. 

The government’s strategy has been planned so as to 
ensure that households’ total bills for electricity, heat-
ing and transport develop reasonably over the next few 
years. Increases in taxes and tariffs will be gradual. This 
means, that households will be able to react, for exam-
ple by fitting additional insulation, replacing windows, 
converting to other types of heating or by buying more 
energy-efficient appliances when they need replacing. 

Costs of households for 
heating and electricity

Considered in isolation, households’ expenditure on 
heating will increase, although modestly, as a result of 
the gradual phase-in of the security of supply tax on 
fuel for heating. By far the majority of households will 
have several options to maintain their heating bill at an 
unchanged level, and in some cases even reduce it; with 
the additional benefit of simultaneously reducing con-
sumption of fossil fuels. 

All else being equal, a detached house heated by oil, 
natural gas or district heating based on CHP will have 
increased heating costs in 2020 of approximately DKK 
900, corresponding to 4-5% compared with the cur-
rent cost. Similarly, all else being equal, houses heated 
by wood pellets will have almost double the increase, 
although this will still be a financially attractive type of 
heating.

Energy consumption for heating could in many cases be 
reduced cost effectively in connection with renovation, 
replacement and purchase of new equipment. Enhanced 
efforts to promote energy savings are therefore expected 
to result in the average household using 5% less energy 
for heating in 2020 than it would otherwise have done.

At the same time, worn out oil furnaces can be re-
placed with heat pumps, and this reduces heating bills 
considerably more than replacement with a new oil 
furnace. Natural gas installations will also benefit from 
replacement with heat pumps in many cases. In smaller 
district heating areas, introduction of free choice of fuel 
provides an opportunity to convert to biomass-based 
district heating, and this can reduce the price of heating 
because of lower taxation on biomass. In large district 
heating areas, amended regulation can reduce the price 
of heating because there is an incentive to increase the 
use of biomass, in that producers and buyers obtain 
freedom of contract in setting the price of heating, and 
thereby share the advantages of lower taxes when using 
biomass. 

In 2020, the strategy will lead to an increase in the price 
of electricity of approximately DKK 0.06 per kWh, includ-
ing VAT, corresponding to an increase of approximately 
3% compared with an expected price of electricity in 
2020 of approximately DKK 2.15 per kWh, including 
taxes. For an average detached house with an annual 
electricity consumption of 4,000kWh, this corresponds 
to additional costs of DKK 250 including VAT per year in 
2020. 

By far the majority of households will have 

several options to maintain their heating bill  

at an unchanged level
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En fuldt finansieret og erhvervsvenlig omstilling 

Box 5.2 Economic consequences for two families in 2020 with the proposal

The example is based on two families. Both families live 
in a detached house of 150 m2, with average insulation, 
and with an annual electricity consumption for light, ap-
pliances a.o. of 4,000kWh. 

For both families, the new taxes and tariffs involve a 
gradual increase in energy bills up to 2020, when the 

The family with district heating can save approximately 
DKK 500 per annum on energy consumption by reduc-
ing its heating consumption by 5% (after amortisation 
of the additional investment on energy improvements). 
If the district heating plant converts production from 
natural gas to biomass, expenses for heating may be 
reduced by a further DKK 2,000. 

The family with the oil furnace can save approximately 
DKK 700 per year on energy consumption, if it at the 
same time reduces heat consumption by 5% through 
energy improvements when replacing old windows, 
roofing, etc. (after amortisation of additional investment 
for energy improvements). If, when it is worn out, the 
oil furnace is replaced with a heat pump, the family can 
save additionally DKK 7,300 per annum (after amortisa-
tion of the additional expense for a heat pump). 

increase will be greatest. In 2020, the increase will 
amount to approximately DKK 1,150 including VAT per 
year, compared with a situation without this strategy. Of 
this, support for renewable energy and energy savings 
amounts to about DKK 250, whereas the remaining 
amount is attributable to the new security of supply tax 
on heating.

*after amortisation of additional investment for energy improvements 
** after amortisation of additional costs of a heat pump

Energy bill  
(electricity and heating),  
DKK per annum, VAT incl.

2010 2020

Without 
proposal

With  
proposal

With proposal 
and savings*

With proposal 
and heat pump**

House heated  
by oil	

Heating  17.300 20.900 21.800 21.100 13.800

Electricity  
consumption

  7.900   8.650   8.900   8.900   8.900

Total 25.200 29.550 30.700 30.000 22.700

With proposal 
and conversion 
to biomass 

House heated  
by district  
heating from 
natural-gas-fired 
CHP plant

Heating 16.800 16.800 17.700 17.200 15.200

Electricity  
consumption

  7.900   8.650   8.900   8.900   8.900

Total 24.700 25.450 26.600 26.100 24.100



65Energy Strategy 2050 – from coal, oil and gas to green energy. 



 

February 2011
en

ergy strategy 2050

– from coal, oil and gas to green energy

energy strategy 2050

Energy Strategy 2050

– from coal, oil and gas to green energy
February 2011:7

For information about this publication, please contact:
The Danish Ministry of Climate and Energy
Stormgade 2-6
1470 Copenhagen K
Denmark
Telephone: +45 3392 2800
Email: kemin@kemin.dk
www.kemin.dk

ISBN printed publication
978-87-92727-13-8

ISBN electronic publication
978-87-92727-14-5

Cover: BGRAPHIC
Layout/illustrations: Solid Media Solutions
Print: Litotryk København A/S
Number printed: 500 copies

This publication can be downloaded  
and ordered on www.ens.dk  
and via www.kemin.dk the danish government  

February 2011




