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Denmark is a leader among OECD member countrie; s of
its well-designed policies for renewable energy, energy efficiency and
climate change. The country is a forthright voice in international fora

for climate policy and a strong advocate of tougher climate-change
mitigation measures. A long history of consensus-based policy making
and political stability has been leveraged to develop Denmark’s
far-reaching and comprehensive energy policies, and also allowed

a clear long-term vision to emerge.

Denmark’s long-term energy goal is to become completely
independent of fossil fuels use by 2050. In 2011, the government
published the Energy Strategy 2050, a detailed and ambitious policy
document that sets out a series of new energy-policy initiatives.

The strategy aims to transform Denmark into a low-carbon society
with a stable and affordable energy supply.

The first phase of the strategy focuses on a series of short-term initiatives
that significantly reduce dependence on fossil fuels by strengthening
and expanding existing policies in energy efficiency and renewable
energy. The second and third phases will involve development and
implementation of long-term energy solutions including building

a green transport sector and promotion of smart grids.

This review analyses the energy-policy challenges facing Denmark
as it develops and implements the ambitious policies outlined in the
Energy Strategy 2050, and provides critiques and recommendations

for further policy improvements in particular sectors. The intent of the
review is to assist Danish policy makers as they move towards
a sustainable, low-carbon energy future.
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The International Energy Agency (IEA), an autonomous agency, was established in November 1974.
Its primary mandate was — and is — two-fold: to promote energy security amongst its member
countries through collective response to physical disruptions in oil supply, and provide authoritative
research and analysis on ways to ensure reliable, affordable and clean energy for its 28 member
countries and beyond. The IEA carries out a comprehensive programme of energy co-operation among

its member countries, each of which is obliged to hold oil stocks equivalent to 9o days of its net imports.
The Agency’s aims include the following objectives:

B Secure member countries’ access to reliable and ample supplies of all forms of energy; in particular,
through maintaining effective emergency response capabilities in case of oil supply disruptions.

B Promote sustainable energy policies that spur economic growth and environmental protection

in a global context — particularly in terms of reducing greenhouse-gas emissions that contribute
to climate change.

B |mprove transparency of international markets through collection and analysis of
energy data.

B Support global collaboration on energy technology to secure future energy supplies
and mitigate their environmental impact, including through improved energy
efficiency and development and deployment of low-carbon technologies.

B Find solutions to global energy challenges through engagement and
dialogue with non-member countries, industry, international
organisations and other stakeholders. .
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1. Executive summary and key recommendations

1. EXECUTIVE SUMMARY
AND KEY RECOMMENDATIONS

EXECUTIVE SUMMARY

Denmark is a leader among OECD member countries in terms of renewable energy,
energy efficiency and climate change policies. Since 1990, Denmark has decoupled
economic growth and energy consumption while at the same time reducing greenhouse
gas emissions. The country is an outspoken voice in international forums for climate
policy and is a strong advocate of tougher mitigation measures. It has a long history of
consensus-based policy making and political stability and has been able to utilise this to
develop its own far-reaching and comprehensive energy policies.

A high level of political consensus has allowed a clear long-term vision to emerge,
generally unimpeded by short-term political changes and changes of government.
Implementation is vested in strong, well-resourced institutions with clearly defined
responsibilities and obligations. Energy policy making is overseen by the Ministry of
Climate, Energy and Building, which also maintains a strong international presence, and
implemented by the Danish Energy Agency. It is indicative of the inclusive and open
debate conducted by the government on energy policy that there is broad support
among all stakeholders for the government’s long-term vision.

Denmark’s long-term energy goal is to become independent of fossil fuel use by 2050. In
2011, the government published Energy Strategy 2050, a detailed and ambitious policy
document, which contains a series of new energy policy initiatives, the purpose of which
is to build on existing policies and transform Denmark into a low-carbon society with a
stable and affordable energy supply. The implementation in Danish legislation of the
new energy policy initiatives outlined in Energy Strategy 2050 is to be negotiated in
Parliament. The government is working towards broad agreement behind the Strategy’s
long-term goal and initiatives up to 2020.

LONG-TERM STRATEGY

Energy Strategy 2050 is the outcome of a long and stable process and is a continuation
of previous policies which commenced in the 1980s and existing uniquely-Danish energy
agreements. In 2007, the government stated in its policy platform that Denmark should
be a low-carbon society with a visionary energy and climate policy. The government
elaborated a long-term vision for a Denmark no longer relying on fossil fuels. An
independent Commission on Climate Change Policy was established the task of which is
to investigate how this vision could be achieved and to identify the long-term climate
and energy policies that will be needed to achieve independence from fossil fuels.

The Climate Commission published its findings in September 2010. It made 40 specific
recommendations to the government on how the process to convert the present energy

© OECD/IEA, 2011



1. Executive summary and key recommendations

system to one independent of fossil fuels can be initiated.! Energy Strategy 2050 builds
on the work of the Climate Commission and outlines the energy policy instruments that
will transform Denmark to a fossil fuel-free economy.

The Strategy conveys an understanding of what is implied by independence of fossil fuels
and sets out transparent principles for the transition. This clarity is important for
stakeholders and ensures that there is the broadest possible understanding of the
government’s goals. The Strategy is pragmatic and incorporates the flexibility to respond
to changing technologies over time. It highlights the need for targeted measures and
interventions.

The Strategy identifies a series of government actions within a framework of three well-
defined tracks or layered phases of progress.

Each of these tracks takes into account variations in operational life, decision-making
processes, technological maturity and prices across the energy system. The three phases
also take into consideration the time within which actions and initiatives can be
implemented: those that can be achieved before 2020, those that can be achieved in the
medium term and, finally, longer-term concepts. Actions in each track fall under a
number of clearly defined headings: energy efficiency, heating and electricity
production, transport, and the transition to an intelligent European energy system.

The first phase of the Strategy focuses on a series of initiatives that begin, in the short
term, to significantly reduce the country’s dependence on fossil fuels by concentrating
on strengthening and expanding existing policies in energy efficiency and renewable
energy, and by determining actions in key sectors up to 2020. These actions contribute
towards meeting the long-term target of independence of fossil fuels and ensure that
Denmark will meet its short- and medium-term international obligations.

The Strategy builds on the financial analysis carried out by the Climate Commission and
acknowledges that the transition to fossil fuel independence will not be without costs. It
will require investment, which in the long term may result in lower fuel costs but which
in the short term will often be more expensive than currently available fossil-fuel
alternatives. In the transport sector, the Strategy acknowledges that Denmark is
dependent on international technological developments and therefore has to temper its
ambitions at least in the medium term.

The Strategy presents Danish energy consumers with a robust set of measures to take
the country to the end of the first phase of a radical transformation and the IEA
commends Denmark for the depth and clarity of its vision. Nevertheless, there remains
scope for strengthening the overall package.

ROOM FOR IMPROVEMENT

Monitoring and maintaining momentum will present a huge challenge for the
government once the Strategy is transposed into law. Consideration should be given to
the establishment of a mechanism to review, evaluate and monitor implementation of
all phases of the Strategy and ensure the cost-effective delivery of outcomes. This
evaluation process should also include publication of regular performance reports.

1. Green Energy; The road to a Danish energy system without fossil fuels, Danish Commission on Climate Change Policy,

September 2010.
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1. Executive summary and key recommendations

The shift away from fossil fuels, largely coal, in the power sector, and the expansion of
renewable energy capacity will bring with it some medium-term risks to energy security.
More thought needs to be given to the use of natural gas and its place in the future
electricity supply mix. Implementation of the Strategy will oblige the government to
conduct a number of detailed studies, among these an analysis of gas infrastructure
regulation to ensure its optimal use, and another study on the greater use of biomass for
energy-related purposes. The use of natural gas as a flexible source of electricity supply
in the medium term should be included as an important part of the analysis.

These activities should be co-ordinated with the emphasis of securing medium-term
energy supply and smoothing the path to a low-carbon power sector.

Conversely, the issue of integrating increasing amounts of variable renewable electricity
produced from wind energy into the electricity system will be a major challenge. In this
regard, the government and the Danish transmission system operator, Energinet.dk, has
already undertaken extensive analysis and large investments have been made in
transmission infrastructure and international connections. The IEA own analysis suggests
that penetration of variable renewable energy in Danish gross electricity demand could
increase to more than 60% and still be balanced by existing flexible resources.’

Nevertheless, even if the total amount of future variable renewable energy is lower than
technically possible, a significant transformation of the electricity transmission system
will be required. Investment in the electricity infrastructure should remain a priority.
Regional interconnections will need to be further strengthened and the preparation of a
strategy for the promotion of smart grids, including extensive use of electric vehicles,
heat pumps and advanced metering technology, should be accelerated. A thorough
review of renewable energy tendering procedures should also be undertaken to ensure
that consumers are getting the most efficient electricity generation mix within the new
policy framework and that the costs of capacity investments are fairly distributed.

SUSTAINABLE ENERGY POLICIES

In the climate change sector, Denmark has played an influential role in a number of
international negotiations, most notably in the European Union but also within the
context of United Nations Climate Change Conferences. Denmark has adopted one of
the most stringent greenhouse gas emissions reduction target (21% reduction from the
base-year level) of all Annex | countries of the United Nations Framework Convention on
Climate Change (UNFCCC). Likewise, its target of reducing greenhouse gas emissions by
20% independently of the Emissions Trading Scheme is among the highest in the
European Union Burden-Sharing Mechanism. The high priority attached to influencing
international opinion is also maintained in Energy Strategy 2050 where it has committed
to pushing support for a global green transition in international forums and also a
commitment to the establishment of a Global Green Growth Forum.

Domestic policies are strong and Denmark is on track to meet its Kyoto obligations.
Efforts to reduce emissions will be stepped up over the coming decade as Denmark aims
to meet its ambitious EU 2020 targets. While the government has worked hard to
address deficiencies in the transport sector, and has developed policies to promote
modal shift and alternative fuels, policies could be further strengthened. Additional
emphasis should be placed on the transport sector. Denmark should continue to develop

2. Harnessing Variable Renewables, A Guide to the Balancing Challenge, IEA Paris, 2011.
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1. Executive summary and key recommendations

policies and measures to reduce and, in the longer term, to eliminate to the greatest
extent possible CO, emissions from road transport. Conversely, the development of a
Green Transport Policy and the establishment of a Centre for Green Transport are
commendable steps.

The IEA has developed 25 energy efficiency policy recommendations encompassing
25 fields of action across seven priority areas. Denmark is regarded as one of the few
countries that appear to have fully implemented, or substantially implemented, more
than 40% of the IEA recommendations. In the building sector, Denmark is a world leader
in energy efficiency standards and requirements. In terms of stringency of building code
standards, Denmark stands out as having one of the most advanced set of requirements.

Despite its achievements, Denmark has scope to improve its energy efficiency policy
portfolio. For example, it should consider expanding its enforcement and monitoring
systems. Compliance with updated requirements for new and existing buildings and
energy-saving programmes is important for maximising energy savings and for ensuring
the credibility of schemes. Denmark should establish and implement a suite of
enforcement actions commensurate with the scale of any non-compliance and the value
of lost energy savings. There is also room for developing energy-saving targets for the
stock of existing buildings by means of incentives to invest in energy efficiency
improvements. There is a need to promote the benefits of energy efficiency investments
to financial institutions and to assist them with developing such investments for small
and medium-sized enterprises.

The long-term political and commercial focus on energy efficiency, along with the
development and support of new technologies, have allowed Danish industry and
research and development capacity to bring a strong commercial advantage in new,
clean energy technologies. Denmark is now a major exporter of these technologies and
is a leading player in wind turbine production, supplying about one-third of the global
wind turbine market. Exports of energy technologies and equipment accounted for
approximately 9.5% of total Danish goods exports in 2010. If Denmark is to retain this
position, while simultaneously meeting its own demanding policy goals, substantial
investment will be needed to educate and train the necessary workforce. Denmark must
continue to have access to a large pool of highly qualified labour and maintain
experienced research communities if it is to sustain progress.

KEY RECOMMENDATIONS

10

The government of Denmark should:

O Develop a reporting mechanism to regularly monitor and evaluate progress of the
medium-term implementation of Energy Strategy 2050 against its stated goals and
to ensure the timely and cost-effective delivery of policy.

O Ensure that the electricity transmission system is developed to accommodate the
forecast increase in variable renewable energy. These developments should focus on
the ability to import and export large volumes of power from different sources. The
development of a smart grid and market rules to facilitate a maximum level of
participation in the market by both consumers and producers of electricity should
also be a priority.
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1. Executive summary and key recommendations

O Continue to support regional harmonisation and co-ordination of energy policy by
strengthening relationships with neighbouring countries and international bodies.
This will enhance regional energy security and the cost-effectiveness of Energy
Strategy 2050 policy measures.

O Develop training and educational capacity to ensure Denmark has access to highly
qualified labour and research communities with skills in research, development,
deployment and manufacturing of low-carbon technologies.

11
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2. General energy policy

Figure 1. Map of Denmark
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2. General energy policy

2. GENERAL ENERGY POLICY

Key data (2010 estimates)
Population: 5.5 million
GDP: USD 165 billion (2000 prices and PPPs), +7.0% since 2000

GDP per capita: USD 37 680 in 2009 at current prices and PPPs (OECD average:
USD 32 854)

TPES: 19.7 Mtoe (oil 38%, gas 22%, coal 20%, biofuels 17%), +5.6% since 2000

TFC: 14.2 Mtoe in 2009 (transport 31%, residential 31%, industry 18%,
other 20%), -0.01% since 2000

Electricity generation: 38.6 TWh (coal 44%, gas 20%, wind 20%, biofuels 13%)

Inland energy production: 23.2 Mtoe, exports 14.7% of production

COUNTRY OVERVIEW

The Kingdom of Denmark (excluding Greenland and the Faroe Islands) has a mainland
area of 43 098 km” and shares a small land border with Germany to the south. Its closest
Nordic neighbour is Sweden to whom it is connected by bridge. The bulk of Denmark is
the peninsula Jutland and the rest of the country consists of 406 islands, the largest of
which are Zealand and Funen, 78 of which are habited. Denmark also exercises
sovereignty over the Faroe Islands in the North Atlantic and Greenland, which is part of
the North American continent, both of which enjoy autonomous self-rule. The
topography of Denmark is relatively flat with few hills, its highest point being no more
than 173 metres above sea level.

The population of Denmark was 5.5 million in 2010, with 126 inhabitants per square
kilometre, almost half of whom live on the islands of Zealand and Funen. Almost 87% of
the population lives in urban settlements.

Denmark is a relatively rich country; it ranks tenth among OECD countries in terms of
GDP per capita, at USD 37 680 in 2009, according to OECD statistics. Unemployment, at
7.4% in 2010, is lower than the OECD average of 9.6%. The average exchange rate of the
krone in 2010 was DKK 5.62 for USD 1.0; or DKK 7.45 for EUR 1.0.

Oil and gas production make a significant contribution to Denmark’s balance of trade. In
2009, the surplus in external trade in oil and natural gas amounted to DKK 14.6 billion,
although lower production levels and falling market prices meant a decline when
compared to 2008, when the surplus amounted to DKK 27.1 billion.

Denmark is a constitutional monarchy, with a full parliamentary democracy. Executive
power is vested formally in the Monarch, at present Queen Margrethe I, but is exercised
through the government headed by the Prime Minister. Legislative power is held by the
Folketing, the Danish parliament. Following a general election in September 2011, the

15
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2. General energy policy

incumbent centre-right coalition led by Venstre lost power to a centre-left coalition led
by the Social Democrats thereby making Helle Thorning-Schmidt the country's first
female Prime Minister. The Social Liberal Party and the Socialist People's Party became
the partners in the coalition government.

SUPPLY AND DEMAND

SUPPLY

Total primary energy supply (TPES) in 2010 was 19.7 million tonnes of oil equivalent
(Mtoe). Energy production amounted to 23.2 Mtoe, less than 2009 levels and indicative
of falling oil and natural gas production over the past six years (see Figure 2). Denmark is
a net exporter of oil and natural gas and can be expected to remain so at least until end-
2018 for oil and 2020 for gas.

Energy exports were 17.2 Mtoe in 2010 while imports were 13.8 Mtoe, making Denmark
a net exporter of energy. The share of renewables in TPES is relatively high at 20.7%,
largely wind and biomass.

In 2010, oil accounted for over half (54%) of Denmark’s indigenous energy compared to
64% in 2004 when domestic oil production peaked. The share of natural gas in total
energy production was 31% in 2010 compared to 34% in 2008. In 2009, the remaining
15% of indigenous energy production came mainly from biomass (12%) and wind power
(3%). Denmark generated 38.6 TWh of electricity in 2010, largely from coal (44%),
natural gas (20%) and wind power (20%). In 2010, Denmark imported 10.6 TWh of
electricity mostly from Norway and Sweden, and exported 11.7 TWh mostly to Germany.

Figure 2. Energy production by source, 1973 to 2030*

Mtoe

35 M oi
30 1
[ Natural gas
25 A
[ Biofuels and
20 A waste
15 1 O wind
10 1
[ other **
5 e —//
0

1973 1977 1981 1985 1989 1993 1997 2001 2005 2009 2013 2017 2021 2025 2029

* Estimates for 2010 and government forecasts for 2020 and 2030.

** Other includes solar, geothermal and hydro (negligible).

Sources: Energy Balances of OECD Countries, IEA/OECD Paris, 2011 and country submission.
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Figure 3. Total primary energy supply, 1973 to 2030*
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** Other includes solar, geothermal and hydro (negligible).

Note: Supply of oil is the residual of two very large and opposite terms, production and exports. As a result, large statistical differences in some years
may lead to discrepancies in the growth rates of oil supply and demand.

Sources: Energy Balances of OECD Countries, IEA/OECD Paris, 2011 and country submission.

Figure 4. Breakdown of total primary energy supply by source in IEA member countries, 2010*
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Figure 5. Total final consumption by source, 1973 to 2030
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Sources: Energy Balances of OECD Countries, IEA/OECD Paris, 2011 and country submission.

DEMAND

Denmark’s total final consumption of energy (TFC) was 14.2 Mtoe in 2009, 4% lower
than in 2007 and 2008, at the same level as in 2000 but 8% higher than in 1990. Final
energy mix has remained relatively stable over the last two decades with oil remaining
the largest energy source, at 44% of TFC in 2009, followed by electricity (19%), heat
(17%) and natural gas (11%).

Consumption by sector has remained remarkably stable over the period between 1998
and 2009; the residential (31%) and transport (31%) sectors are consistently the largest
consumers of energy. The industry sector consumed an average of 21% of TFC over the
period while other sectors absorbed the remaining balance. The transport sector is the
largest user of oil and oil products, consuming 70% of the total in 2009. The share of
heat in TFC, at 17%, is among the highest in the OECD.

INSTITUTIONS

The Danish Ministry of Climate, Energy and Building (previously known as the Ministry
of Climate and Energy), established in November 2007, was created as a part of the
government's increased efforts to promote a greener and more sustainable society.3 The
ministry is responsible for national and international efforts to mitigate climate change,
as well as for energy, national geological surveys in Denmark and Greenland, and for
meteorology.

3. The Ministry of Energy was established in 1979. In 1994 energy matters were transferred to the Ministry of Environment
and Energy. In 2001, energy became part of the Ministry of Economic and Business Affairs, and in 2005 part of the Ministry of
Transport and Energy.
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KEY POLICIES

The Danish Energy Agency (DEA) was established in 1976, and is an agency under the
Ministry of Climate, Energy and Building. It is responsible for all tasks related to the
production, transmission and utilisation of energy, and its impact on climate change. Its
principal function is to ensure the legal and political framework for reliable, affordable
and clean supply of energy in Denmark.

Energinet.dk, the transmission system operator, is an independent public enterprise
owned by the Danish State represented by the Ministry of Climate, Energy and Building.
It owns the natural gas transmission system and the 400 kV electricity transmission
systems and is the co-owner of the electricity interconnections to Norway, Sweden and
Germany. It is responsible for maintaining security of supply and ensuring the smooth
operation of the market for electricity and gas. Energinet.dk was established in 2005
following a merger between Eltra, Elkraft System, Elkraft Transmission and Gastra.

The Danish Energy Saving Trust is an independent body established in 2010 as a trust
under the auspices of the Ministry of Climate, Energy and Building, replacing the Danish
Electricity Saving Trust. The scope of the previous organisation's work has been
expanded from electricity savings to cover savings and more efficient use of all forms of
energy in every sector other than transport.

The Danish Energy Regulatory Authority (DERA) oversees the electricity, natural gas and
district heating markets. DERA is an independent authority and its board members are
appointed by the Minister of Climate and Energy. Its decisions can be appealed to the
Danish Energy Board of Appeal.

The independent Danish Commission on Climate Change Policy was established by
government in 2007 and was charged with the task of identifying the long-term climate
and energy policies needed to achieve independence from fossil fuels. The Climate
Commission’s proceedings were attended by the Ministry of Climate, Energy and
Building, the Ministry of Economic and Business Affairs, the Ministry of the Environment
and the Ministry of Finance. The Commission published its findings in September 2010
and ceased activities in November 2011.

OVERVIEW

Energy policy in Denmark is based on political consensus, stability and a series of Energy
Agreements.

On 17 June 2005, the government released Energy Strategy 2025, which replaced the
previous strategy, Energy 21, published in 1996. Energy Strategy 2025 focused on
initiatives for energy saving and renewable energy, climate change, energy markets and
technology.

The government's long-term vision is a Denmark 100% independent of reliance on fossil
fuels. In September 2010, an independent Danish Commission on Climate Change Policy
(hereafter the Climate Commission) published proposals and detailed recommendations
as to how this vision can be achieved. These recommendations formed the basis of
Energy Strategy 2050, which was published in February 2011.
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ENERGY AGREEMENT

The agreement on Danish energy policy for the years 2008 to 2011 was concluded in
February 2008. This agreement built on the success of previous agreements between
political parties and was a broad-ranging energy agreement to ensure the development
of renewable energy, increased energy efficiency and more research into energy
technologies.

The parties agreed that renewable energy will account for 20% of Denmark's energy
consumption in 2011. The agreement also raised the price paid for wind power, as well
as for power from biomass and biogas. Parties also agreed to construct 400 MW of new
offshore wind turbines by 2012. The agreement established a compensation scheme for
people living near wind turbines, a purchasing rights scheme, a green scheme and a
guarantee fund.

Ambitious energy conservation measures were also included; a drop in energy
consumption of 4% by 2020 compared to 2006. Hydrogen-fuelled cars will be tax-free, as
will electric cars, provisionally until 2012, and a pool of DKK 35 million is to be set aside
to cover research into electric cars. For research into solar and wave power and other
new renewable energy technologies, a further DKK 25 million is to be set aside each year
for four years.

At the same time and as part of the energy agreement, the government, the Danish
People's Party and New Alliance entered into an agreement to increase biomass use and
to ensure a wider choice of fuel in central power plants.

Box 1. The agreement on Danish energy policy for the years 2008 to 2011

= The goal of the agreement is to lower Denmark's dependence on fossil fuels, coal,
oil and gas.

= The renewable energy target with respect to gross energy consumption shall be
20% in 2011.

= The agreement sets concrete measures for meeting this intermediate goal.
= Savings and renewable energy targets will be phased on a linear basis.

= |n the event of significant deviations from the linear phasing of renewable energy
and savings targets, the parties shall discuss supplementary initiatives for
attaining the targets.

= Until 2011 a status report of targets and implemented analyses shall be made
annually in September.

= By the end of 2010 the parties shall discuss concrete supplementary initiatives for
the period after 2011.

Source: Danish Energy Agency (DEA).

AGREEMENT ON GREEN GROWTH
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In June 2009, the government and the Danish Peoples’ Party signed an agreement on
Green Growth. This is a long-term plan defining environment and nature policies and the
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agriculture industry’s growth conditions. A total of DKK 13.5 billion is to be invested in
Green Growth until 2015, which is about a 50% increase in investments compared to
previous initiatives. These investments are to ensure that Denmark meets its
environmental obligations fully while strengthening growth and employment.

THE CLIMATE COMMISSION

In March 2008, The Danish Government established a Commission on Climate Change
Policy (the Climate Commission) and asked it to develop proposals on how the
government’s long-term vision of independence from fossil fuels can be realised. The
Climate Commission’s terms of reference state that its work should reflect the European
Union ambition of an 80% to 90% reduction in emissions in the developed world.
Accordingly, the Climate Commission chose to examine the means by which Denmark
can reduce its emissions by more than 80% by 2050.

The Climate Commission concluded that there is significant scope for the reduction of
greenhouse gas (GHG) emissions at a surprisingly low cost, when the future price of
fossil fuels and carbon emissions are taken into account.

POLITICAL AGREEMENT ON A GREEN TRANSPORT POLICY

Denmark has developed a comprehensive strategy to create a greener transport sector,
which was confirmed in the broad agreement on a Green Transport Policy in January
2009. In line with this strategy, a Centre for Green Transport has been established. The
centre carries out campaigns, including the promotion of eco-driving and proper
inflation levels of tyres; it administrates a scheme for demonstration projects in the area
of energy efficient transport solutions.

ENERGY STRATEGY 2050

In February 2011, the government launched Energy Strategy 2050 (hereafter the
Strategy), which outlined proposals for the early phases of the process towards meeting
the long-term goal of achieving national independence from coal, oil and gas. This far-
reaching and visionary strategy, which builds on the findings of the Climate Commission
and the outcomes of previous energy strategies and agreements, sets out the energy
policy tools needed to deliver Denmark’s long-term energy goals and identifies clear
medium-term actions for government.

Figure 6. The goal of the Danish government is independence from coal, oil and gas by 2050

Independence of fossil fuel

Denmark will maintain a high Denmark will contribute its
level of energy security of supply share to curb global warming

Denmark will harvest opportunities for green growth and employment

Source: Energy Strategy 2050.
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The Strategy outlines a number of new short- to medium-term policy initiatives which, if
implemented, are projected to reduce the consumption of fossil fuels in the energy
sector (excluding transport and activities related to North Sea exploitation) in 2020 by
33%, compared with 2009 levels, while over the same period, increasing renewable
energy’s contribution to gross energy consumption to 33%. New initiatives to boost
energy efficiency are projected to bring the reduction of energy consumption to 6% in
2020, below the 2006 level.

Regarding climate change challenges, the policy takes the outcomes of the Fifteenth
Conference of the Parties (COP15), which Denmark hosted, and COP16, as a starting
point. It identifies fossil fuel independence in the energy and transport sectors as a
means of taking Denmark a long way towards reducing GHG emissions by approximately
75%. Conversely, the Strategy also recognises the importance of tackling emissions from
other sectors, most notably agriculture, which is a significant source of nitrous oxide
(N20) and methane (CH,4) emissions. In the shorter term, however, greater effort will be
required if Denmark is to meet its 2020 target, i.e. to reduce non-ETS emissions, which
represent 58% of GHG emissions, by 20%. Over the longer term, Denmark has looked to
the objective of an 80% to 90% reduction by 2050 relative to 1990 as a starting point.

Table 1. Government goals and actions

Government goals Energy Strategy 2050 actions

Initiatives for increased use of renewable energy and
energy efficiency improvements will reduce fossil fuel

Fossil fuel independence by 2050.

use in the energy sector by 33% by 2020 compared with
2009.

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

Government initiatives for increased use of biomass,
wind and biogas will ensure a renewable energy share of
33% by 2020, and thus exceed compliance with the EU
target.

The share of renewable energy in the
transport sector must be 10% by 2020.

Government initiative for 10% biofuels by 2020 in
addition to the government’s initiatives to promote
electric cars will ensure compliance with the EU target by
2020.

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

Government initiatives for energy efficiency
improvements in private homes, businesses, the State
and municipalities will ensure a reduction of 6% by 2020
compared with 2009, and thus exceed compliance with
the national target.

Emissions in the non-ETS sectors must 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.

Government initiatives to reduce fossil fuels will also
reduce non-ETS emissions by 4-5 million tonnes CO in
the period 2013-2020.The government will follow up on
efforts regularly to ensure compliance with the 2020
climate commitment, and launch new initiatives as
required.

Source: Energy Strategy 2050.

STRATEGY GOALS
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The long-term goal of the Danish government is independence from coal, oil and gas by
2050. A secondary goal of the Strategy is securing the position of Danish industry as
world leader in energy, climate and environmental technology. Implementing the
Strategy will also allow Denmark to meet other goals and obligations, for example the EU
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climate and energy package targets and the 2008 Energy Agreement. The government
also wants Denmark to be among the world’s top three countries in terms of renewable
energy penetration by 2020 and to be among the most energy-efficient OECD members
also by 2020.

PRINCIPLES FOR THE TRANSITION TO FOSSIL FUEL INDEPENDENCE

The transition to a fossil fuel-free economy will bring with it costs. Conscious of the fact
that the Strategy must be based on sound economic principles, and not disadvantage the
Danish economy in any way, the government has developed a set of principles within
which the Strategy is framed. Accordingly, the transition to a fossil fuel-free economy
must meet the following principles:

= cost effectiveness — The transition must be cost-effective, with a focus on initiatives
that provide maximum security of supply and the greatest reduction in fossil fuel
use;

=  minimal impact on public finances — The distribution of costs and benefits must not
create a burden on public finances. Energy consumers will finance the transition;

= retaining competitiveness — The competitiveness of Danish business will have to be
taken into account; therefore, energy costs should not increase significantly; and

= full utilisation of international frameworks — The transition must make full use of
global opportunities and take advantage of participation in international markets.

Care must also be taken to ensure that the environment remains protected and is not
negatively impacted by, for example, infrastructure developments. Sustainable use of
biomass will also be required.

A THREE-TRACK APPROACH

Wisely, the government is concentrating its initial efforts on the elements of the Strategy
that appear most promising with regard to establishing a cost-effective energy and
transport system without fossil fuels. There is general recognition that the transition
cannot happen at the same pace throughout the transport and energy systems, for a
number of reasons, primarily because of price differences and differences in
technological maturity. The Strategy, therefore, has identified three parallel tracks along
the transition to fossil fuel independence, with carefully developed initiatives in each
track. The process can be summarised as follows:

Track one, the transition phase, is the process of converting to more efficient energy
consumption and an energy supply based on renewable energy. This transition can start
immediately as existing technologies are cost-effective with long operational life and
decision-making processes. The activities involved will also contribute to realising short-
and medium-term objectives.

Track two is the preparation and planning of the next phase of the transition, followed
by the utilisation and integration of new solutions. It identifies the sectors in which there
is a need to ensure the establishment of the framework before specific measures
towards 2050 can be initiated.

Track three, the technology development phase, requires investment in research,
development and demonstration of cost-effective energy technologies followed by
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large-scale demonstration and preparation for market. The final step will be market
integration.

Table 2. Three phases of initiatives in Energy Strategy 2050

Track Initiatives

More renewable energy with onshore and offshore wind power.

Track one Increased use of biomass and biogas.

More efficient energy consumption.

A green transport sector.

An intelligent energy system.
Track two

Regulation in a new era of energy policy.

A global and regional transition to fossil fuel independence.

Green growth through research, development, demonstration and

Track three preparation for market.

Source: Energy Strategy 2050.

Table 3. Government actions under track one

Track one: the transition phase

Call for tender on 600 MW offshore wind farm at Kriegers Flak.

Call for tenders on the smaller offshore wind turbine installations
totalling 400 MW.

Support continued municipal planning for new onshore wind turbines.

More renewable energy from

onshore and offshore wind
power Analyse the opportunities for reducing the distance requirements for
wind turbines.

In co-operation with industry, continue the wind turbine secretariat,
including the mobile wind-turbine task force.

Promote the conversion to biomass at large-scale plants by amending
provisions of the Heat Supply Act.

Allow small-scale power plants a free choice of fuel.
Introduce a 10% biofuels obligation in the transport sector by 2020.
Ensure the right framework conditions for biogas production.

Increased use of biomass and
biogas

Target the energy-saving obligations of energy companies towards
renovation of buildings, conversion of oil and natural gas heating.

Increase the energy-saving obligations of energy companies by 50%
from 2013 and by 75% in 2017-2020.

Future-proof minimum efficiency standards for building components.

More efficient energy

) Convert heating by oil, and eventually also natural gas heating, to
consumption

district heating, heat pumps and other renewable forms of energy.

Launch market promotion of energy-efficient heat pumps and solar
heating to replace oil boilers.

Incorporate a “low-energy rating 2020” in the building regulations.

Enhance energy-saving efforts by the public sector.

Source: Energy Strategy 2050.
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Table 4. Government action under track two

Track two: preparation and planning of the next phase

A green transport sector

Carry out a technology assessment in 2011, and subsequently every
three years, in order to ensure the right framework conditions for new
energy technologies.

Establish a fund of DKK 25 million to support the establishment of
recharging stations for electric cars.

Push in the EU for tightened standards for energy efficiency and CO,
emissions of vehicles and promote the spread of electric cars in the
EU.

Push in the EU for the establishment of a car recharging infrastructure
throughout the EU.

An intelligent energy system

Establish a new international electricity transmission capacity in
connection with the future offshore wind park at Kriegers Flak.

Analyse the need to expand international transmission lines.

Work for an agreement with the distribution companies to install
intelligent electricity meters when electricity consumers install heat
pumps or recharging stations for electric cars.

Prepare a strategy for the promotion of smart grids in Denmark.

Analyse regulation of future gas infrastructure.

Regulation in a new era of
energy policy

Launch an in-depth review of the electricity supply regulation.

Set aside DKK 20 million for the promotion of strategic energy
planning partnerships constituted by municipalities, local enterprises
and energy companies.

Carry out an analysis of the use of biomass for energy-related
purposes in Denmark.

Carry out an examination of the subsidy and tax system in order to
assess the need for adjustments of the existing system.

Improve tendering procedures for offshore wind parks in order to
reduce the costs of expansion and prepare the basis for decisions to
expand offshore wind turbines in the period after 2020.

A global and regional
transition to fossil fuel
independence

Work in international forums for ambitious, global actions for the
climate, the promotion of a green growth agenda as well as for the
phase-out of subsidies for fossil fuels.

Promote a long-term vision for an EU independent of fossil fuels.

Endeavour to raise the common EU GHG emissions 2020 target from
20% to 30% compared with the 1990 level.

Prioritise a doubling of the funds for research, development and
demonstration in the energy area by 2020 compared with the level

today,

Source: Energy Strategy 2050.

Table 5. Government actions under track three

Track three: the technology development phase

Green growth through
research, development,

demonstration and preparation

for market

Undertake a strategic review of public research, development and
demonstration initiatives in the climate and energy sector.

Allocate DKK 10 million for demonstration of large heat pumps in the
district heating sector.

Allocate DKK 20 million for geothermal energy exploration projects.

Extend the existing public service obligation scheme to support small
electricity-producing renewable energy technologies.

Allocate DKK 10 million to support demonstration projects on solar
heating for household solutions.

Support the establishment of large testing grounds for green solutions
in Denmark.

Enter into partnerships with private enterprises, research institutions
and others, where this can contribute to developing, testing and
preparing for market of Danish clean technology solutions.

Carry out technology assessments in a wide range of areas.

Ensure sufficient recruitment of university graduates and researchers
into the green sector.

Source: Energy Strategy 2050.
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A FLEXIBLE STRATEGY

The path towards fossil fuel independence will require greater efficiency in energy
consumption. The Danish government acknowledges that many factors, such as
economic growth, commodity prices or technological development, cannot be
accurately forecast over the long term; therefore, efforts to determine the most
appropriate energy system for 2050 are futile. Technologies change and evolve over
time and many, which are relatively expensive at present, may play a greater role in the
longer term. Such technologies include electric vehicles, ocean-based energies and
carbon capture and storage (CCS). This highlights the need for a flexible strategy open to
all technological possibilities.

FINANCING THE TRANSITION

26

On the basis of the analysis of the Climate Commission, the government forecasts that,
in the absence of the new Strategy, consumers are likely to see much higher energy
prices and climate-related charges; therefore the long-term financial impact of the
Strategy may be limited. At the same time, the Strategy acknowledges there will be
transitional problems for some categories of consumer.

The goal of fossil fuel independence will gradually increase pressure on public finances
up to 2050 as a result of falling tax revenues caused by reduced use of fossil fuels.
Amendments to tax law will therefore be required to allow a shift of taxes to other
energies without increasing the overall tax burden.

To replace the loss of tax revenue as a result of new initiatives up to 2020, the
government proposes a new revenue-neutral energy security tax on (all) fuels consumed
for heating. The business sector will also contribute to the cost of the Strategy by paying
a public service obligation (PSO) contribution and a grid tariff.

The Strategy also recognises the need to protect the competitiveness of Danish energy-
intensive industry and the need to avoid industry moving elsewhere. In response, the
government proposes a tax relief for energy use for industrial processes compared to
what was envisaged in the “Spring Package” of 2009. This means that the business
community as a whole escapes additional costs imposed as a consequence of tax
increases.

The government expects that some businesses will bear increased costs but that some of
these costs can be offset by increased subsides for the purchase of more energy-efficient
equipment.

Households will also be required to contribute to the cost of the transition by paying the
security of supply tax, a PSO contribution and by paying a grid tariff. Nonetheless, the
government proposes that household energy bills will be kept at a reasonable level and
not significantly higher than what would otherwise have been the case. For example, the
government forecasts that by 2020 the Strategy will result in a 3% rise in the cost of
household electricity.
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TAXATION

Box 2. Financing the transition to fossil fuel independence

New energy policy initiatives up to 2020 are financed taking into account existing
financial policy. This implies that the transition to fossil fuel independence will
primarily be financed by energy consumers. The government proposes that the
following funding mechanisms be utilised:

= Energy-saving initiatives will be financed by revenues from grid tariffs paid by
energy consumers. The impact of rising grid tariffs will be offset by greater energy
efficiency levels and, therefore, lower demand for energy.

= Renewable energy expansion will be funded by revenues from the PSO scheme.
At present, PSO charges vary with the market price of electricity but the
government forecasts that future PSO unit charges will be relatively static as the
cost of larger volumes of renewable capacity will be offset by the falling price of
the technology.

= Revenues lost to the State from falling fossil fuel consumption up to 2020 will
be recovered by a security of supply tax. 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.

= Smaller, less-costly initiatives will be financed by reallocating existing funds in the
energy and climate budget, for example by redistributing remaining funds from
the existing scheme for scrapping oil furnaces.

Source: Energy Strategy 2050.

Denmark is a high-tax economy and energy taxes are no exception. There are taxes on
coal, oil, natural gas and electricity. There are also taxes on vehicle fuels and vehicle
purchases as well as a road-use tax.

Tax rates are determined according to the energy content of the fuel and the tax levies
on coal, oil, natural gas and electricity used for heating correspond to around DKK 51 per
gigajoule (GJ). Taxes on vehicle motor fuel are higher and determined by taking into
account existing demands on mobility, distribution effects, competitiveness and border
trade. The tax rates for the different types of fuel are stated in the energy laws per litre,
per kilogramme or per cubic metre.

Registration tax on new motor cars is calculated on the dutiable value, which is the
vehicle’s normal price including VAT on sale. For new cars, the registration tax is
generally calculated as 105% of the part of the dutiable value under DKK 76 400 and
180% on the part of the dutiable value exceeding DKK 76 400. For second-hand cars
imported to Denmark, the tax is calculated according to the same principle as for new
cars but the amounts are lower: for a passenger car between one and two years old, the
registration tax of 105% is calculated on DKK 46 600 and 180% on the rest. Commercial
vehicles with a total weight of up to 2 tonnes pay no tax on the first DKK16 400 and 50%
on the remaining value.
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ENERGY SECURITY

OIL

NATURAL GAS

ELECTRICITY

CRITIQUE

In general, Denmark has strong security of supply policies; maintaining high security of
supply and the delivery of stable, affordable energy is a fundamental part of Energy
Strategy 2050 and existing policies. Denmark produces much of the oil and natural gas it
consumes and the forecast fall in production over the coming decades will be offset by
the shift to other forms of energy.

As a net exporter, Denmark has no stockholding obligation to the IEA. As a member of

the European Union, Denmark has a stockholding obligation of 67.5 days of consumption.

The present government regulations go well beyond this, setting a compulsory
stockholding obligation on industry of 81 days of consumption. Some 70% of this is
covered by the Danish stockholding agency, FDO, largely in the form of refined products.
In an IEA collective action, Denmark would participate with the release of oil from the
FDO stocks. Demand restraint measures would only be considered in a severe and
prolonged disruption.

Energinet.dk is responsible for maintaining minimum standards and preparing an annual
plan for assuring security of supply. In a crisis, Energinet.dk would take over the role of
gas supplier to the Danish market, with an obligation to ensure supplies of gas to the
non-interruptible end-users. It would do this by drawing on measures only available to
Energinet.dk in emergency supply situations, i.e. deliveries from the two underground
storage sites in Denmark, re-routing of natural gas supply from the North Sea via the Syd
Arne pipeline and limiting supplies to interruptible end-users.

As the electricity transmission system operator, Energinet.dk is also responsible for
emergency preparedness in the electricity system and for co-ordinating emergency
preparedness of the sector before, during and after a crisis.

The country maintains strong electricity links with Sweden and Norway to the north and
east, and with Germany to the south, and is exploring the possibility of interconnection
with the Netherlands. In 2010, east and west Denmark were connected when the Great
Belt Power Link connecting the two areas with 400 kV direct current cables was
commissioned. The projected increase in wind power generation will bring with it
additional challenges in terms of its variability.

28

Before the second oil crisis, Denmark relied on fossil fuels as the basis of its energy
system. The oil crisis in 1974 came as a wake-up call: in response, the government
started to develop policies aimed at a greater security of supply. In the mid-1980s, oil
and natural gas were discovered in the Danish North Sea, thereby reducing dependence
on imported fossil fuels. District heating systems based on combined heat and power
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were developed and the focus of energy policy shifted towards energy efficiency and
renewable energy production.

Denmark is one of the most efficient users of energy compared with the other OECD
countries. Since 1990, energy consumption has remained more or less constant; the
Danish economy has grown by 35%, while CO, emissions have reduced by 7.2%. This
decoupling of economic growth and energy consumption and emissions is something the
Danes can be rightfully proud of.

The present government wants to steer this second phase in energy history towards a
new era with an ambitious policy initiative: over the longer term, by 2050, Denmark will
no longer be dependent on the use of fossil fuels. This vision serves objectives in relation
to climate policy and energy security, as well as economic ones. To assist in this process
the government established an independent Commission on Climate Change Policy
consisting of ten experts, each possessing special knowledge in the fields of economics,
climate and agriculture. In September 2010, the Commission presented their findings

In February 2011, informed by the findings of the Commission, the government
published Energy Strategy 2050, which outlines the long-term objective and first steps
towards achieving independence from coal, oil and natural gas by 2050. This
comprehensive and far-reaching Strategy elaborates on the policies and actions that will
be required to transform Denmark into a green society with a secure, stable and
affordable energy supply.

A BALANCED AND FAR-REACHING STRATEGY

By definition, energy policies must be appropriate to national circumstances, but certain
fundamental elements are common to all sound energy policies: strong energy policy
requires political consensus and clarity of long-term vision, stable institutions and clearly
defined leadership, the ability to adapt to changing circumstances and broad
engagement with all stakeholders leading to public acceptance and effective stakeholder
partnerships. Furthermore, an energy strategy cannot be developed in isolation and
implementation must acknowledge global circumstances. Energy Strategy 2050 contains
all of these elements.

Energy policy in Denmark is characterised by a remarkable level of political consensus,
which has allowed a clear long-term vision to emerge, generally uninterrupted by short-
term political change. Implementation is vested in strong well-resourced institutions,
which maintain a high public profile, with clearly marked responsibilities. For example,
all energy policy matters relating to transport rest with the Ministry of Transport and not
with a number of institutions as is often the case. Policy making is overseen by the
Ministry of Climate, Energy and Building, which also maintains a strong international
presence, and is implemented by the Danish Energy Agency. There is broad support for
the government’s long-term goals among stakeholders, which is indicative of the
inclusive and open debate conducted by government on energy policy.

Energy Strategy 2050 is the outcome of a long and stable process, which commenced in
the 1980s, and is a continuation of previous policies and political energy agreements, a
unique feature of the Danish policy-making environment. In 2007, the government
stated in its platform for government that Denmark should be a green and sustainable
society with a visionary climate and energy policy. Accordingly, the government
elaborated a long-term vision for a Denmark independent of reliance on fossil fuels. An
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independent Commission on Climate Change Policy was established and charged with
the task of investigating how this vision could be achieved and with identifying the long-
term climate and energy policies that will be needed to achieve independence from
fossil fuels.

The Climate Commission published its findings in September 2010.% It made 40 specific
recommendations to the Danish government on how the process leading to a conversion
of the present energy system to a fossil fuel-free system can be initiated. The
independence of the Climate Commission played an important role by fostering a broad
public debate on the future of climate policy, energy consumption and supply in
Denmark and ensuring clear lines of communication with all stakeholders. Energy
Strategy 2050 builds on the work of the Climate Commission and outlines the energy
policy instruments needed to transform Denmark to fossil-fuel independence.

The Strategy wisely focuses on a series of initiatives that begin in the short term to
significantly reduce the country’s dependence on fossil fuels by concentrating on
strengthening and expanding existing energy efficiency and renewable energy policies.
By 2020, the Strategy identifies clear targets and calls for the energy industry to reduce
its consumption of fossil fuels by 33%, compared with 2009 levels. In addition, the
Strategy will increase renewable energy’s share of gross energy consumption to 33% and
reduce energy consumption by 6% in 2020, compared with 2006, by means of a strong
package of energy efficiency measures. Denmark has one of the lowest energy
intensities among IEA countries and the share of non-hydro renewable energy
production in total primary energy production is among the highest in the OECD. Energy
Strategy 2050 contains a series of measures to maintain this status and also ensures
Denmark will meet its international obligations.

The Strategy clearly defines what is implied by independence from fossil fuels and sets
out transparent principles for the transition to independence. This clarity is important
for stakeholders and policy makers alike and ensures that there is broad understanding
of the government’s goals.

The Strategy notes the need for energy policy to be flexible and to retain the ability to
respond to changing technologies; it highlights the need for targeted, well-timed
measures. It identifies a series of government actions within a framework of three well-
defined tracks, each of which takes into account variations in operational life, decision-
making processes, technological maturity and prices across the energy system and the
time within which actions and initiatives can be implemented. Actions in each track, or
phase, fall under a number of clearly-defined headings: energy efficiency, heating and
electricity production; transport; and the transition to an intelligent and international
energy system.

The Strategy contains financial analysis and acknowledges that transition to fossil fuel
independence will not be free. It will require investment, which in the long term may
result in lower fuel costs but which in the short term will often be more expensive than
currently available fossil alternatives. Four streams of finance will ensure that the
Strategy is fully resourced to 2020.

Nonetheless, and despite the comprehensiveness of the government’s strategy
document, there remains some scope for strengthening Danish energy policy:

4. Green Energy; The road to a Danish energy system without fossil fuels, Danish Commission on Climate Change Policy,

September 2010
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MONITORING AND EVALUATION

Realisation of Denmark’s long-term goal of independence from fossil fuels will require
ongoing review and evaluation. The government should consider establishing a
mechanism to monitor and evaluate progress of the medium-term implementation of
the Energy Strategy 2050 against its stated goals and to ensure the timely and cost-
effective delivery of policy. The outcomes of the reviews should be published on a
regular basis. Reviews should take into account the costs to the Danish economy, energy
security implications and include all technologically and economically feasible policy
options.

Energy Strategy 2050 will bring with it large financial and economic risks. At present,
there appears to be limited research and analysis of the long-term costs and benefits of
the Strategy. The overall competitiveness and economic well-being of the Danish people
must not be endangered in the medium term as the country moves towards its long-
term goals and the government has clear responsibility to actively manage the inherent
risks.

Detailed financial modelling should be developed by the government. The output of this
analysis can support policy development, validation and implementation processes. The
models, and their parameters, should be made available to all stakeholders so that they
can conduct their own analysis if necessary.

Evaluations should also take into account the impact of the Strategy on Denmark’s
neighbours with whom it trades energy, and note the influence that changes in policy
elsewhere will have on the Danish energy system.

SECURITY OF SUPPLY

Security of supply is an equally important element of Danish energy policy. Translating
this into fossil fuel independence is an extreme interpretation of energy security. Many
countries realise security of supply through a diverse energy mix in terms of fuel supply,
supply sources and supply routes. The geographical position of Denmark near the North
Sea and the Baltic Sea, and with access to the European natural gas pipeline system, the
European electricity system, as well as a well-developed gas storage infrastructure
reduce the risk of a long-term gas supply emergency, even when Denmark becomes a
net-importer of energy.

Nonetheless, greater consideration should be given to natural gas as a potential bridge
between the present largely coal-fired electricity system and the low-carbon system of
the future. This should be considered for the following two reasons. The Strategy
acknowledges the need for an analysis of the use of biomass for energy-related
purposes; it is clear that biomass could be a limited resource in the future and that long-
term security and sustainability of supply is far from certain. Therefore, the move
towards biomass could take longer than planned or may not occur to the scale
envisaged. Natural gas is an ideal technology with which to address any short-term
electricity security concerns. Existing gas-fired technologies can deliver the additional
flexibility needed to support the large-scale integration of wind power in the medium
term.

Analysis of natural gas infrastructure to ensure its optimal use and maintenance and
analysis of the use of biomass for energy-related purposes should be co-ordinated with
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the emphasis on securing medium-term supply while at the same time reducing
potential emissions from electricity production.

INTEGRATION OF RENEWABLES

Besides phasing out fossil fuel use, the issue of integrating the increasing amounts of
variable electricity production, largely from wind energy, into the electricity system will
be a major challenge. Variable wind energy makes a substantial contribution to Danish
and regional electricity supply. At present, the two parts of Denmark (west and east)
taken together have approximately 5440 MW of interconnection with adjacent areas
(Nordic and Germany), the equivalent of more than 80% of Danish peak demand. This is
the primary reason why Denmark has been able to accommodate such a high
penetration of wind power to date. Denmark, thanks to its heavily interconnected
nature, can also take advantage of hydropower resources in the rest of the Nordic
market to balance its electricity system at short notice. The extent to which Norway will
be able to continue to provide hydropower-based balancing resources to Denmark will
depend on the level of variable renewable energy deployment in Norway itself as well as
in its other neighbours. If these increase, competition for the same flexible resource will
result. In purely technical terms, the IEA estimates that penetration of variable
renewable energy in Denmark’s gross electricity demand could increase to over 60% and
still be balanced by existing flexible resources, after existing requirements for flexibility
are taken into account.”

Nevertheless, even if the total amount of future variable renewable energy is lower than
technically possible a significant transformation of the electricity and transmission
system is already under way. Investment in the electricity infrastructure should remain a
priority. Regional interconnections will need to be strengthened and the preparation of a
strategy for a smart electricity grid and advanced metering technology should be
accelerated.

Greater potential for the development of wind power, both onshore and especially
offshore, remains. Under the present regulatory framework, much of the development
risk for project developers is shared with government. For example, in the most recent
government tender for the development of offshore wind, the environmental impact
assessment and the licences were arranged by the government. Adding that the cost of
connecting to the onshore grid under tendering procedure is socialised, this framework
creates a very favourable starting position for private investors. Nonetheless, the tender
attracted just one bid. This suggests that the tender process is far from optimal and its
structure will require closer examination and corrective action if the future government
goals are to be realised.

INTERNATIONAL CO-OPERATION

Continued international co-operation regarding supply and development of energy
infrastructure will improve the security of supply of Denmark. The government should
continue to strengthen co-operation among national and regional stakeholders. Future
challenges should be debated among all stakeholders in the region, such as energy
producers, consumers, neighbouring countries and the European Union. Denmark

5. Harnessing Renewable Variables; A Guide to the Balancing Challenge, |IEA Paris, 2011.
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should maintain its leadership position in international forums to secure a low-carbon
future.

It is also important to bear in mind that the costs associated with policies to increase
energy security and fossil fuel independence will be paid for by end-users. Consumers,
via higher transmission and distribution tariffs, public service obligations and higher
taxes, pay for new capacity. Care must be taken to ensure that the costs of new capacity
additions are correctly allocated and that users who directly benefit from the security of
capacity or energy supply contribute to the cost. This means that higher costs in
Denmark must not translate into subsidies elsewhere without appropriate compensation
mechanisms.

RECOMMENDATIONS

The government of Denmark should:

O Ensure the timely and co-ordinated delivery of analysis of the potential for biomass,
and analysis of the potential of existing natural gas infrastructure, in order to
address any shortfalls in energy security in the medium term.

O Ensure that the electricity transmission system is developed to accept the forecast
increase in variable renewable energy. These developments should focus on the
ability to import and export large volumes of power from different sources and the
development of a smart grid and market rules to facilitate a maximum level of
participation in the market by both consumers and producers of electricity.

O Continue to strengthen regional co-operation with neighbouring countries and
international bodies to enhance regional energy security and the cost-effectiveness
of the policy measures described in Energy Strategy 2050.
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3. Energy and climate change

3. ENERGY AND CLIMATE CHANGE

Key data (2009)

Total GHG emissions: 62.3 Mt CO,-eq (-10.2% compared to base year 1990); 2008-2012
target: -21%

CO, emissions from fuel combustion: 46.8 Mt (-7.6% since 2000)
Emissions by fuel: oil 43%, coal 33%, gas 20%, biomass 4%

Emissions by sector: electricity and heat generation 47%, transport 28%, industry 8%,
residential 6%, other 11%

GREENHOUSE GAS TARGETS

Denmark is a Party to the United Nations Framework Convention on Climate Change
(UNFCCC) and to the Kyoto Protocol. The EU reduction target is 8% in relation to the
Kyoto Protocol and the reduction target of Denmark is 21% in the EU15 Burden-Sharing
Agreement. For the period 2013-2020 Denmark has a 20% reduction obligation relative
to 2005 emissions for the non-ETS sectors according to the EU Climate and Energy
Package. Preliminary 2009 statistics suggest that 2009 domestic emissions are 10.3%
lower than base-year emissions.® Including the effect of land use, land-use change and
forestry (LULUCF), domestic emissions are 15.9% lower than base-year emissions. The
production of energy and energy-related activities are the largest contributors to
greenhouse gas emissions in Denmark, accounting for 38% of the country's total
emissions of greenhouse gases, primarily CO,.

The long-term goal of the Danish government is to make Denmark fully independent of
fossil fuels. Meeting this ambition will result in significant reductions in greenhouse gas
emissions. Present efforts to reduce greenhouse gas emissions are determined by
Denmark’s second National Allocation Plan (NAP2), which sets out a strategy containing
a series of initiatives that are being implemented in order to meet the Danish reduction
target of 21%. More recently, Energy Strategy 2050 outlines a number of energy policy
initiatives for the period up to 2020 and identifies energy efficiency and renewable
energy as key sectors where policy implementation will result in reduced emissions. A
number of these initiatives will reduce non-ETS greenhouse gas emissions and thus
contribute towards meeting the 2020 reduction target.

CO, EMISSIONS FROM FUEL COMBUSTION

Between 1990 and 2009, CO, emissions from fuel combustion decreased by 7% to
46.8 Mt. A significant portion of this reduction is related to the shift in energy production

6. Denmark’s National Inventory Report 2011, Emission Inventories 1990-2009, submitted under the UNFCCC and the Kyoto
Protocol.
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from coal to natural gas and also to growth in renewable energy, as well as greater use
of combined heat and power (CHP) and improved energy efficiency.

In 2009, emissions from fuel combustion accounted for 98% of all CO, emissions and
78% of all GHG emissions in Denmark. Almost all energy-related CO, emissions come
from three sources: the combustion of coal, used in the production of electricity and
heat, oil consumed by the road transport sector; and to a lesser extent natural gas. In
2009, the production of electricity and heat is the source of 22 million tonnes of CO,-
equivalent of emissions, of which almost 75% is coal-based.” Oil accounts for 43%
(20.2 Mt CO;-eq) of CO, emissions, 13.1 Mt CO,-eq of which is consumed by the
transport sector. CO, emissions fluctuate from year to year owing to electricity trade
with other countries, primarily Denmark’s Nordic neighbours; imports are very sensitive
to exogenous factors such as rainfall in Norway and Sweden and the operational stability
of nuclear plants in the region.

Figure 7. CO, emissions by sector*, 1973 to 2009
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* Estimated using the IPCC Sectoral Approach.
** Other includes emissions from commercial and public services, agriculture/forestry and fishing.

Source: CO, Emissions from Fuel Combustion, IEA/OECD Paris, 2011.

7. Denmark’s Fifth National Communication on Climate Change under the United Nations Framework Convention on Climate
Change and the Kyoto Protocol.
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Figure 8. CO, emissions by fuel*, 1973 to 2009
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* Estimated using the IPCC Sectoral Approach.
** Other includes industrial waste and non-renewable municipal waste.

Source: CO, Emissions from Fuel Combustion, IEA/OECD Paris, 2011.

Compared to other European IEA member countries, Denmark’s CO, emissions per
tonne of primary energy supply are above the average, mainly because of the large
share of coal in its energy mix. In 2009, emissions were 2.5 tonnes of CO, per tonne of oil
equivalent (toe), while IEA Europe average was 2.2 tonnes of CO, per toe, 12% lower.
CO, emissions from the electricity and heat sector are very low, about 303 grammes of
CO, per kilowatt-hour, very low compared to the OECD average of 420 grammes CO, per
kWh.

Figure 9. Energy-related CO, emissions per TPES in IEA member countries, 1990 and 2009
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Source: CO, Emissions from Fuel Combustion, IEA/OECD Paris, 2011.
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In per-capita terms, energy-related CO, emissions in Denmark are closer to the IEA
average. With 8.5 tonnes of energy-related CO, per capita in 2009, Denmark is slightly
higher than coal-consuming European economies such as Poland and Greece, and
significantly higher than the IEA Europe average of 6.8 tonnes of CO, per capita.

Figure 10. Energy-related CO, emissions per capita in IEA member countries, 1990 and 2009

Tonnes of CO:2 per capita
30 0 1990

Source: CO, Emissions from Fuel Combustion, IEA/OECD Paris, 2011.

CO, EMISSIONS PROFILE

The Danish Energy Agency calculates both observed CO, emissions and adjusted CO,
emissions. Adjusted CO, emissions take annual temperature variations and trade in
electricity into account. In 2008, total emissions of greenhouse gases (without
adjustments) were 63.8 Mt CO,-eq, which is 7.9% lower than base-year emissions of
69.3 Mt CO,-eq. Including adjustments in the energy statistics for fluctuations in
temperature and net exports of electricity, the level in 2008 was 65.7 Mt CO»-eq,
corresponding to a drop of 15% relative to an adjusted base year.?

At 79.4% of emissions, CO, makes the largest contribution to GHG emissions. Nitrous
oxide (N,0) is the next largest contributor with 10.5% followed by methane (CH,4) with
8.7%. While the energy sector makes the largest contribution to CO, emissions,
agricultural activities are the largest source of N,O and CH,.

The European Union Emissions Trading Scheme (EU-ETS) covers approximately half of
the emissions from the energy sector, largely in oil and natural gas production and the
transformation sector (power plants and district heating). Preliminary estimates indicate
that GHG emissions in 2009 were 62.1 Mt CO;-eq, of which 36.4 Mt CO,-eq was outside
the EU-ETS.

8. Energistatistik 2009, Danish Energy Agency, November 2010.
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Table 6. Observed CO, emissions from energy consumption in 2008 and 2009 (MtCO,-eq)

Total EU-ETS Non-ETS

2008 2009 2008 2009 2008 2009
Total 50800 48694 24863 24336 26051 24725
Energy sector 2364 2037 2479 2404 0 0
Transformation sector 21997 22028 19758 19859 2239 2170
Final energy consumption 26439 24629 2627 2073 23812 22556
of which:
Transport 16128 15224 0 0 16128 15224
Agriculture and industry 6458 5660 2627 2073 3831 35687
Trade and services 816 766 0 0 816 766
Households 3037 2979 0 0 3037 2979

Source: Energy Statistics 2009, Danish Energy Agency.

PROJECTED EMISSIONS PROFILE

Updated projections of Denmark’s emissions were published in June 2011.° These
projections indicate that GHG emissions will decrease over the projection period from
2009 to 2030. These projections are based on policies already in place. This means that
projections do not take proposed new initiatives such as the package of policy initiatives
in Energy Strategy 2050 into account. In general, the share of emissions from the energy
production sector is declining while emissions from the transport sector are increasing.
The total emissions in 2010 are estimated to be 62.5 Mt CO,-eq and 51.7 Mt CO;-eq in
2030, corresponding to a decrease of about 17%. Road transport is estimated to be the
main source of GHG emissions in 2010 and emissions from this sector are forecast to
increase by about 40% from 1990 to 2030. Emissions from the power sector are
projected to decrease by 60% over the same period owing to a large shift from coal to
renewables, including biomass and municipal waste.

In the shorter term, from 2009 to 2020, GHG emissions are expected to decline by
approximately 14%, including a decrease in energy-related CO; of approximately 15%.°
Part of this reduction is attributed to the fact that Denmark is becoming a net importer
of electricity rather than an exporter as was the case in the past.

INSTITUTIONS

The Ministry of Climate and Energy is responsible for national and international efforts
to mitigate climate change. The ministry was established to facilitate the achievement of
Denmark’s long-term climate goals and to deliver Denmark’s contribution to global
efforts to reduce CO, emissions.

The Danish Energy Agency (DEA) is an agency under the Ministry of Climate and Energy
which has delegated to the DEA much of the implementation of tasks relating to the
Kyoto Protocol; alongside responsibility for legislation and administration of the EU

9. Projection of Greenhouse Gas Emissions 2010 to 2030, NERI, June 2011.
10. Danish Energy Outlook 2011, Danish Energy Agency, April 2011.
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Emissions Trading Scheme as well as the national registry. A secretariat has been
established in the DEA to manage operation and administration of the registry.

The Ministry of the Environment is responsible for administrative and research tasks in
the areas of environmental protection and planning. The ministry includes three
important agencies: the Agency for Spatial and Environmental Planning, the
Environmental Protection Agency and the Forest and Nature Agency.

The Danish National Environmental Research Institute (NERI), part of Aarhus University,
serves as scientific advisor to the Ministry of the Environment and the Ministry of
Climate, Energy and Building. NERI is responsible for producing Danish greenhouse-gas
emission inventories and annual reporting to the UNFCCC.

The Ministry of Climate, Energy and Building works closely with Local Government
Denmark (LGDK) and the municipalities to reduce energy use. A 2007 agreement with
LGDK ensures that municipalities are obliged to implement the same energy-saving
schemes as state institutions. The agreement with LGDK will run until 2012, when a joint
assessment of the initiative will be conducted.

POLICIES AND MEASURES

2008 ENERGY AGREEMENT

In February 2008, the Danish government signed a broad-ranging energy agreement
with a majority of parliamentary parties, the purpose of which was to support the
development of renewable energy, increase energy efficiency and further research into
energy-related technologies.

Parties to the agreement accepted that, by 2011, renewable energy will account for 20%
of Denmark's energy consumption. This was to be achieved by raising the price paid for
renewable energy and the construction of 400 MW of new offshore wind capacity. The
agreement also created a number of other support schemes and a compensation
scheme for people living nearby wind turbines. At the same time, political parties also
entered into an agreement to increase biomass use and to ensure a wider choice of fuel
in central (large-scale) power plants.

The primary goals of the Energy Agreement for the period 2008-2012 are to achieve:
= 20% renewable energy in gross energy consumption by 2011;
= Annual energy savings of 1.5% of the final energy consumption for 2006; and

= A 4% reduction in gross energy consumption relative to 2006 by 2020.

COMMISSION ON CLIMATE CHANGE POLICY

40

The Danish government established the Commission on Climate Change Policy and asked
it to develop proposals on how the government’s long-term vision of independence from
fossil fuels can be realised. The Climate Commission terms of reference state that its
work should reflect the European Union ambition of an 80% to 90% reduction in
emissions in the developed world. Accordingly, the Climate Commission chose to
examine the means by which Denmark can reduce its emissions by more than 80% by
2050.
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The findings of the Commission are discussed elsewhere in this report but it concluded
that there is significant scope for the reduction of GHG emissions at a surprisingly low
cost, when the forecast future price of fossil fuels and carbon emissions are taken into
account.

DANISH STRATEGY FOR ADAPTATION TO A CHANGING CLIMATE 2008

In 2008, the Danish government published a Strategy for Adaptation to a Changing
Climate. The purpose of the strategy was twofold: to initiate an information campaign
highlighting the effects of climate change and to ensure that climate change was
incorporated into planning and development. The strategy comprises the following
measures:

= 3 targeted information campaign, which included the creation of a web portal
operated by an information centre;

= 3 research strategy including the establishment of a co-ordinating body to ensure
that Danish climate research focuses on the adaptation question to a greater extent;
and

= establishing an organisational framework, including setting up a horizontal co-
ordination forum for adaptation that will ensure a co-ordinated effort among public
authorities.

The strategy identified a number of key sectors likely to be impacted by changes in
climate: coastal management, buildings and construction, water and energy supply,
agriculture, fisheries and forestry, nature management and land-use planning, and
health. The strategy also examined rescue preparedness and insurance impacts of
climate change. It highlighted a number of cross-sectoral initiatives necessary to have
stakeholders more involved in climate-related activities. These initiatives included a web
portal on climate change that provides targeted information on e.g. climate data and
tools on adaptation measures. Further, the strategy includes a forum for research on
climate and climate change and the establishment of a cross-sectoral Coordination
Forum for Climate Change Adaptation.

ENERGY STRATEGY 2050

In February 2011, the government launched its Energy Strategy 2050, which outlined
proposals for the early phases of the process towards meeting the long-term goal of
achieving national independence from coal, oil and gas. The Strategy, which builds on
the findings of the Climate Commission, sets out a series of energy policy actions and
initiatives needed to deliver Denmark’s long-term energy goals as well as actions needed
to meet a number of medium-term targets.

Energy Strategy 2050 has introduced a package of new energy policy initiatives to be
implemented before 2020. If these initiatives are successfully implemented, the
consumption of fossil fuels in the energy sector (excluding transport and consumption
related to North Sea oil and gas production) will be reduced by 33%, compared with
2009 levels (this percentage is likely to be revised upwards in line with the new baseline
projections published in 2011). If fully implemented, these new initiatives will increase
renewable energy’s contribution to gross energy consumption to 33%. Complete
implementation of new energy efficiency measures will reduce energy consumption by
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6% in 2020, compared with 2006 (likewise, this percentage is likely to be revised
upwards according to the new baseline projections published in 2011).

Regarding climate change challenges, the policy takes the outcomes of the Fifteenth
Conference of the Parties (COP15), which Denmark hosted, and COP16, as a starting
point. This implies a long term objective of an 80% to 95% reduction in emissions by
2050 relative to 1990. The Strategy identifies fossil fuel independence in the energy and
transport sectors as a means of taking Denmark a long way towards reducing GHG
emissions. Phasing out fossil fuels for energy and transport purposes will reduce total
Danish emissions by approximately 75%. Conversely, the Strategy also recognises the
importance of tackling emissions from other sectors, most notably agriculture, which is a
significant source of N,O and CH4 emissions.

Implementation of new energy policy initiatives contained in the Strategy will also
deliver emissions reductions in the short to medium term as well, although meeting the
2020 target for non-ETS emissions, which represent 58% of GHG emissions, will require
additional measures.

In addition to a number of commitments relating to emissions from the agricultural
sector, the Strategy states explicitly that the government will:

= 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 employment,
competitiveness and fair burden sharing;

= push for the adoption of minimum standards for energy and CO, taxes in the EU in
connection with the revision of the EU Energy Tax Directive.

However, cost-effective reductions in emissions, both CO, and other gases, will require
greater efforts to limit GHG emissions outside the energy sector. The Strategy estimates
that the government’s new policy initiatives will reduce non-ETS emissions by
4 -5 Mt COz-eq in the period 2013-2020, largely from enhanced efforts to improve
energy efficiency. Further reductions will be achieved by no longer using oil and gas for
heating, greater use of biofuels, and an improved framework for using biogas.

EMISSIONS TRADING

42

The European Union Emissions Trading Scheme (EU-ETS) was launched in 2005 and its
first commitment period ran until the end of 2007. The EU-ETS limits the amount of CO,
emissions from installations in nine energy-intensive industries: combustion
installations, hydrocarbon refineries, coke ovens, metal ore roasting or sintering
installations, production of pig iron and steel, production of cement clinker, manufacture
of glass, manufacture of ceramic products and production of pulp and paper. Each
installation is allocated emission allowances and must surrender allowances to cover its
total CO, emissions. If its emissions are higher than expected, it shall purchase more
allowances on the allowance market to cover the shortfall between allocation and actual
emissions. If, in turn, it needs fewer allowances than it holds, it can sell them. Allocation
in the first two phases of the EU-ETS is based on a National Allocation Plan that is
prepared by the national government and approved by the EU Commission. Allocation
criteria are laid out in Annex Il to the EU Emissions Trading Directive (2003/87/EC).

In 2007, the European Commission approved Denmark’s second National Allocation Plan
(NAP2) for the period 2008-2012. NAP2 regulates almost half of Denmark’s total

© OECD/IEA, 2011



3. Energy and climate change

greenhouse gas emissions. Approximately 380 Danish installations are covered by the
EU-ETS. Most of these are generators of power and heat, the remainder are industrial
installations plus a few production units within the offshore energy production sector.
The Danish Act on CO, Allowances defines which installations are subject to the scheme
and, in some instances, which new installations may receive free allowances. NAP2
differentiates the reduction obligations between non-exposed electricity producers and
exposed industry. Industries, including offshore, which are normally exposed to external
competition, receive a total of free allowances corresponding to about 92% of the
allowance basis. The heat production sector receives allowances corresponding to about
87% of the allowance basis. Electricity producers receive allowances corresponding to
about 57% of the allowance basis.

Denmark is committed to reducing its national greenhouse gas emissions by 21% in
2008-2012, compared to 1990-1995 levels. This means that emissions must be reduced
to an average 54.8 Mt CO;-eq annually for the period. This also means that, over the
second commitment period, Denmark can allocate 54.8 Mt of CO, allowances per year
to incumbents. For new entrants, a total of 2.5 million allowances was set aside for the
period 2008-2012, corresponding to an average of 0.5 million allowances annually.

Table 7. Key figures in Denmark’s National Allocation Plan 2008-2012

Expected annual CO, Annual allowance Ann:lakl"zlalgzv:nce

emissions 2008-2012 (Mt) | allocation 2008-2012 (Mt) 2005-2007 (Mt)
Electrlc!ty and heat 20.5 158 217
production
Other industries, including 9.9 8.9
offshore
New enterprises - 0.5 1.0
Auctioning - 1.7
Total CO,
emissions/allowances in ETS 29.7 24.5 33.5
sectors
Non-ETS sectors and gases
. 38.1 - -
in total
Tot_al _greenhouse gas 67.8 ) )
emissions
Emissions target 54.8 - -
Deficit 13.0 - -

Source: Danish Energy Agency.

At the time of NAP2 approval in 2007, the deficit between expected Danish emissions of
CO, and the committed target was expected to be 13 Mt for the period 2008-2012,
should no further initiatives be implemented. The Danish government has since
implemented a number of measures to reduce the deficit to zero, including a
combination of domestic and foreign environmental and energy measures. Recent
projections suggest that the Kyoto target will be overachieved by a margin of
approximately 0.8 Mt CO,-eq per year. This is a result of a decline in emissions from
the non-ETS sectors of approximately 2.3 Mt CO;-eq, from 38.1 Mt CO-eq to
35.8 Mt CO,-eq.
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DOMESTIC MEASURES OUTSIDE EMISSIONS TRADING
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Box 3. 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.

Source: Danish Energy Agency.

Taxes and duties

Throughout the 1990s a number of environmental taxes were introduced and placed on
consumer goods that were deemed to cause pollution or were of finite quantity (water,
fossil fuels, electricity) or on discharges of polluting substances (CO,, hydro
fluorocarbons, polyvinylchloride, sulphur hexafluoride, sulphur dioxide, and sewage).
Taxes are imposed on mineral oil, tobacco, and alcohol in accordance with EU legislation.

Renewables and CHP

Increasing the use of CHP and enlarging the reach of district heating schemes have been
part of the Danish energy strategy since the end of the 1970s. Energy from renewable
sources has been promoted by a number of means, including the tax system and
production grants.

Transport sector

The transport sector, largely road transport, accounts for 26% of Denmark’s energy-
related CO, emissions. In order to implement reductions in the sector, the government
has developed a Green Transport Vision, which has been formulated with the overall
objective of improving mobility while reducing transport-related CO, emissions in a cost-
effective way. The Ministry of Transport has established the Centre for Green Transport
to develop and implement initiatives to reduce transport-related CO,. The role of the
Centre is to create synergy between specific initiatives and to promote knowledge
gained, and research results achieved, for new forms of transport with a view to
reducing CO, emissions in the sector.

Between 2010 and 2013, the Centre has been allocated DKK 200 million to conduct a
number of test projects, which will examine different options for energy-efficient
transport solutions. These monies will be used to develop projects that promote
environment-friendly and energy-efficient public transport, including test projects with
alternative fuels.
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The Centre will also work with measures that increase energy efficiency such as:
= alternative fuels for buses;

= Jarge fleets of clean vehicles in collaboration with public and private sector
operators; and

= partnerships with private sector companies and municipal authorities on transport
planning and system solutions.

The Centre is also examining proposals relating to aerodynamic trucks, eco-driving,
energy labelling of light commercial vehicles, a certification scheme for municipalities
and companies that prioritise environment-friendly transport and transport network,
research and development.

The Energy Agreement of 2008 also set aside DKK 5 million per year for 2010 to 2012 for
testing electric cars. The purpose of the test scheme is to generate practical experience
with electric cars and understand the required infrastructure.

Taxes are also used as a means to promote the use of fuels with lower CO, emissions,
mainly biofuels. Since 2000, registration taxes for privately owned motor vehicles have
been differentiated according to their fuel efficiency. In 2007, the tax rates were
increased or decreased according to the fuel efficiency of the vehicle generating an
estimated additional emissions reduction of 0.05 Mt CO,-eq per year. Gasoline-driven
passenger cars and vans receive a tax credit of DKK 4 000 for each kilometre in excess of
16 kilometres the vehicles run per litre of gasoline. In the case of diesel vehicles, the
efficiency increase sought is 18 kilometres. Conversely, a tax increase of DKK 1 000 has
been imposed for each kilometre less than 16 kilometres gasoline-powered vehicles run
per litre gasoline (18 kilometres in the case of a diesel-powered car).

Table 8. Examples from the Danish structure of tax incentives based on annual taxes on motor

vehicles (2008/09)

Fuel type | Class of vehicle | Fuel consumption (km per litre) | Annual tax (DKK per year)
Gasoline 1 >20 520

11 10-10.5 5500

24 <10.5 18 460
Diesel 1 25-225 1960

12 10.2-11.3 9620

24 <5.1 25 060

Source: Ministry of Taxation.

In addition, Energy Strategy 2050 contains a number of actions relating to transport. The
government will:

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 of 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 10% requirement for biofuels by 2020;

= push in the EU for more comprehensive sustainability requirements for first
generation biofuels, and the option to prioritise second-generation biofuels;
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= establish a fund of DKK 25 million to provide state co-financing for the establishment
of recharging stations for electric cars in order to kick-start development in the area
and design appropriate regulation;

= push in the EU for the promotion of electric cars, among other things through
enhanced harmonisation and standardisation of technologies for electric cars; and
push for the establishment of a car recharging infrastructure throughout the EU,
which is to be co-ordinated with the regulation of intelligent infrastructure;

= push in the EU for more intensive research and development efforts within green
transport technologies; and

= enforce stricter requirements for the efficiency of motor vehicles and tighter limits
to carbon emissions from cars.

Business sector

Initiatives to reduce GHG emissions in the business sector include the promotion of
energy savings and energy efficiency improvements, a move towards cleaner fuels and
initiatives to reduce the emissions of industrial gases. An independent evaluation of the
main energy-saving activities was published in December 2008 showing that is was a
cost-effective scheme. As a follow-up on the evaluation, the Danish parliament in
December 2010 passed a bill on the establishment of a ten-year energy-saving
programme (2010 to 2020). The aim of the programme is to strengthen energy-saving
efforts in order to deliver a more coherent and efficient approach.

Since 2006, the main measure — beside energy and CO, taxes — to promote energy
efficiency in the business sector has been the energy-saving obligations for energy
utilities. As part of this scheme, the utilities are involved in the realisation of savings by
consultancy, subsidies, etc. Around 50% of the reported saving has been realised in the
business sector. Other initiatives include:

= promotion of sales of energy services. Efforts for business and industry is organised
so that energy services are promoted. Information campaigns are still running to
give the market a push;

= promotion of energy management, energy-conscious planning, energy-correct
procurement and bench-marking of energy consumption; and

= promotion of exploitation of surplus heat.

Energy Strategy 2050 includes initiatives to increase the effort. The obligations for
energy utilities will be increased and target the reduction in consumption of fossil fuels
in the business sector and renovation of existing buildings.

Buildings

Several measures are in place to promote energy efficiency in buildings and to reduce
the use of fossil fuels for heating. There are very strong requirements for new buildings
and the building codes have also tightened energy efficiency requirements in relation to
several components of existing buildings. Building owners are obliged to meet these
requirements when the components are changed. The energy utilities also promote
energy efficiency in buildings as part of their energy-saving obligations.

46

© OECD/IEA, 2011



3. Energy and climate change

To ensure a reduction in CO, emissions from domestic housing, DKK 400 million has
been made available for subsidies for the replacement of inefficient oil-fired boilers with
more energy-efficient heating systems. Energy Strategy 2050 includes several measures
to increase energy-saving activities and to replace oil-fired boilers in buildings.

Forestry sector

In 1989, the government announced its intention to double the Danish afforestation
within a century. Various steps have been taken towards achieving this goal. For
example, a government grant scheme has been established that supports private
afforestation on agricultural land and the State also works to plant new forests.

Recent data suggest that the forest cover in Denmark is larger (14%) than previously
estimated (11%) and that these forests are older than previously thought. This could
change the status of Danish forests from being a net sink to be a net source in 2008-
2012. An extensive survey of Danish forests will be conducted in 2011, improving the
present estimates with up to date figures. The survey will be finalised in 2012.

Municipalities and local governments

In addition to the 2007 agreement between local governments and the Ministry of
Climate, Energy and Building, many municipalities are also making efforts to reduce CO,
emissions and energy consumption. Both parties have developed a municipal CO,
calculator, an interactive tool designed for use by local councils to calculate its CO,
baseline, as well as to prioritise which instruments should be considered in future
climate initiatives.

Another example was the EcoCities programme, which ended in 2009, where the cities
of Kolding, Skive, Copenhagen, Aarhus, Albertslund and Herning were designated by the
ministry as model examples of the way in which municipalities can work counter the
climate and energy challenges. The EcoCities programme has been superseded by the
Nordic Energy Municipality programme, which will focus on sustainable energy, green
growth and energy-related climate efforts across Nordic countries. The purpose of the
project is to recognise those municipalities that are making a significant effort to carry
out pioneer energy projects.

INTERNATIONAL MEASURES

Joint implementation projects (JI)

Contracts for the acquisition of approximately 10.2 million tonnes of CO, credits from
21 projects in Central and Eastern Europe have been entered into. Furthermore, two
contracts are currently in place with suppliers of indirect CO, credits: the Testing Ground
Facility (TGF) under the Nordic Environment Finance Corporation (NEFCO) and the World
Bank.

Clean development mechanism (CDM) projects

Collaboration with developing countries on CDM projects is managed by the Ministry of
Climate, Energy and Building with the goal of delivering the greatest possible synergy
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between CDM collaboration and Denmark’s international effort within development
assistance. The Ministry of Climate, Energy and Building has approximately 30 contracts
on credit purchase from CDM projects.

Denmark works with Malaysia, South Africa and Thailand, and has recently expanded to
include Indonesia, Armenia, Cyprus, China and Egypt. General agreements have also
been entered into with Chile, Nicaragua and Argentina with a view to developing
possible CDM credit trades with these countries. A similar relationship has also been
entered into with Mexico and India.

REGIONAL AIR QUALITY

CRITIQUE

Denmark has implemented the EU Directives 2008/50/ECE and 2004/107/EC on Air
Quality. Denmark complies with the limit or target values for the following substances:
sulphur dioxide, nitrogen oxides, particles PM.y and PM,s, lead, benzene, carbon
monoxide, ozone, arsenic, cadmium, nickel and benzopyrene.

Denmark does not comply with the limit values for nitrogen dioxide (NO,). An air quality
action plan has been published in February 2011 and the Climate Commission has been
notified of the Danish application to postpone by five years the NO,-attainment deadline
in Copenhagen, Aarhus and Aalborg from 2010 to 2015.

48

Denmark takes climate change very seriously as evidenced by the depth of domestic
policies and, more significantly, its wide-ranging efforts in the international arena. The
country has played an influential role in a number of international negotiations, most
notably in the European Union but also within the context of COP15, which Denmark
hosted. The government has adopted one of the most stringent greenhouse gas
emissions reduction target (21% reduction from the base-year level) of all Annex |
countries of the UNFCCC. Likewise, its target of non-ETS GHG reductions of 20% is
among the highest in the European Union Burden-Sharing Agreement. The high priority
attached to influencing international opinion is also maintained in Denmark’s long-term
Energy Strategy 2050 where it has committed to pushing support for a global green
transition in international forums and also its commitment to the establishment of a
Global Green Growth Forum.

Domestically, the government, with strong parliamentary support has begun a process
to transform, within a generation, the Danish energy sector from one heavily reliant on
fossil fuels to one of Europe’s first low-carbon societies. A full phase-out of fossil fuels
for energy and transport purposes will in itself reduce total emissions by approximately
75%. While this is very much a long-term strategy many of the emissions savings will be
delivered in the medium term by increasing energy efficiency targets and phasing out
coal-fired power by replacing it with biomass and wind energy. Furthermore,
implementation of a series of measures aimed at the transport sector should also reduce
emissions from the largest oil-consuming sector in Denmark. While much of the
remaining emissions are largely from agriculture, the government has highlighted the
role agriculture will play as a green energy supplier in the transition to fossil fuel
independence. In accordance with the national Green Growth Agreement, the
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government wants Denmark to aim for the exploitation of large natural biogas
resources, especially in the form of livestock manure.

In the short term, in line with the EU Renewable Energy Directive, Denmark has
committed itself to an ambitious target of 30% renewable energy in final energy
consumption by 2020, thereby displacing a portion of the country’s coal-fired CO,-
emitting capacity (the government has not excluded some utilisation of coal-fired power
with carbon capture and storage (CCS) should it prove cost-efficient). Projections
included in the Fifth Communication on Climate Change suggest that Denmark will meet
its EU Burden Sharing targets and at the same time maintain a reserve to support
additional JI and CDM initiatives if needed. International mechanisms such as Jl and CDM
can provide a high degree of freedom and cost-effectiveness in reaching the climate and
energy targets and the prudence of the Danish government in this regard is notable.
Should many of the policies proposed in the Energy Strategy 2050 be successfully
implemented, emissions reductions in the non-ETS sector should be even higher.

Nonetheless, and despite the positive impact existing policies are having, there remains
room for improvement, specifically in the transport sector. At present, the share of
renewable energy in the transport sector is estimated at 1.0%, largely from electric
trains and first-generation biofuels. The transport sector is the second-largest source of
CO, emissions from fuel combustion after power generation. The government has
developed policies which plan to increase the share of renewable energy in the transport
sector in order to meet the EU target of 10% renewable energy in transport by 2020. By
2020, an increase in electric vehicles is expected, as well as an increased consumption of
first- and second-generation biofuels. Energy Strategy 2050 strengthens existing policies
in the transport sector, which include some of the heaviest transport taxation policies in
Europe, by adding a series of new measures such as greater support for electric vehicles
and a firm commitment to biofuels. Nonetheless, the Strategy appears to omit any
measures that support modal shift from privately owned vehicles to public transport.

RECOMMENDATIONS

The government of Denmark should:

OO Develop and implement the policies contained in Energy Strategy 2050 and prepare
clearly articulated roadmaps and targets for non-ETS sectors of the economy.

O Place special emphasis on the transport sector and continue to develop policies and
measures to reduce and, in the longer term, eliminate to the greatest extent possible
CO; emissions from road transport.
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4. Energy efficiency

4. ENERGY EFFICIENCY

Key data (2010 estimates)
Energy supply per capita: 3.6 toe per capita (OECD average: 4.4), +2% since 2000
Energy intensity: 0.12 toe per USD 1 000 (OECD average 0.16), -1.2% since 2000

Total final consumption: 14.2 Mtoe in 2009, transport sector 31%, residential sector
31%, industry 18%, commercial and agriculture 20% (OECD average: transport 33%,
residential 20%, industry 31%, other 16%)

OVERVIEW

In 2009, Denmark’s total final energy consumption (TFC) was 14.2 Mtoe, at the same
level as in 2000 but less than either in 2007 or in 2008 (Figure 11). Industry accounted
for 18% of this total, transport for 31%, the residential sector for 31% and services,
agriculture and fishing for 20% of TFC. Between 2000 and 2009 the transport sector was
responsible for almost two-thirds of the growth in energy TFC. Over the same period,
energy consumption in industry and in the residential and commercial sectors grew at a
very moderate rate.

Figure 11. Total final consumption by sector, 1973 to 2030
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Sources: Energy Balances of OECD Countries, IEA/OECD Paris, 2011 and country submission.
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Figure 12. Total final consumption by sector and by source, 1973 to 2030
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Energy intensity in Denmark — the amount of primary energy used in a country per unit
of GDP — is lower than the IEA European average and has decreased by 1% in the last
decade (see Figure 13), which appears weaker than its Swedish and Finnish neighbours
but this is largely because of its better performance ten years ago. The decrease in
energy intensity is to some extent due to structural changes in the economy.

Figure 13. Energy intensity in Denmark and in other selected IEA member countries, 1990 to 2010
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Sources: Energy Balances of OECD Countries, IEA/OECD Paris, 2011 and National Accounts of OECD Countries, OECD Paris, 2011

INSTITUTIONS

The Danish Ministry of Climate, Energy and Buildings is charged with the development
of policies that provide a stable, sustainable and efficient production, distribution and
use of energy throughout Danish society.

The Danish Energy Agency engages nationally and internationally in policies to reduce
energy consumption and increase savings. It oversees overall planning and prioritisation
of energy-saving measures, including determining the framework for measures involving
other bodies.

On 1 March 2010, the Danish Electricity Saving Trust became the Danish Energy Saving
Trust. The scope of the organisation's work has been expanded from electricity savings
to cover savings of all forms of energy in all sectors other than transport. The Trust is
financed by a special energy savings charge payable by households and the public sector.
The Trust is an independent, public authority with its own board appointed by the
Minister of Climate and Energy.

The electricity network companies, the natural gas network companies and the district
heating companies have been given annual energy-saving obligations. As part of this,
they help the end-use consumers implement energy savings by providing advice,
consultancy and/or subsidies.

The Danish Enterprise and Construction Authority is responsible for building codes and
the Ministry of Transport has responsibility for energy efficiency policy in its own sector.
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POLICIES AND MEASURES

Policies on energy use, and on energy efficiency in particular, are often made following
general agreement among all political parties in Denmark, which allows for stable long-
term policies that are less likely to be dislodged by changing governments.

NATIONAL ENERGY EFFICIENCY ACTION PLAN

According to Article 14(2) of the EU Directive, member states were required to submit
their first National Energy Efficiency Action Plan (NEEAP) to the European Commission by
30 June 2007." Member states must adopt and achieve an indicative energy saving
target of 9% by 2016 in the framework of a National Energy Efficiency Action Plan
(NEEAP). The NEEAP is also required to describe how member states intend to comply
with the provisions on the exemplary role of the public sector and the provision of
information and advice to final consumers.

Denmark submitted its first NEEAP, based on the June 2005 Agreement on Energy Saving
Initiatives, in September 2005, which was augmented by further amendments in June
2007. A new NEEAP is being developed at present and will be submitted to the European
Commission by June 2011.

The objective of the 2005 NEEAP was to reduce total energy consumption (excluding
transport) and increase efforts to save energy which can be documented, corresponding
to an average of 1.15% per year, or 7.5 petajoules (PJ), during the period 2006-2013.
Successful implementation should result in total energy consumption (excluding
transport) of 430 PJ in 2013.

In 2007, the government suggested an amendment to the plan, which includes a
suggestion to increase the annual energy saving target to 1.4%. Furthermore, it
suggested inclusion of transmission and distribution losses in the basis for the
calculation of the annual energy saving target. Taken together, this increases the annual
energy saving target from 7.5 PJ to 9.6 PJ, or an average increase of 2.1 PJ over the
period 2008-2013.

2008 ENERGY AGREEMENT

In February 2008, the Danish government signed a broad-ranging energy agreement
with almost all parties in the Parliament that ensures the development of renewable
energy, increased energy efficiency and more research into energy technologies. The
2008 Energy Agreement, which covers the period from 2008 to 2011, adopted the
following ambitious energy conservation measures:

= Gross energy consumption: gross energy consumption must fall by 4% by 2020,
relative to 2006. The goal is for gross energy consumption to fall by 2% by 2011
compared with 2006, corresponding to a drop from 863 PJ in 2006 to 846 PJ in 2011.

= Higher targets for energy efficiency: annual savings must be increased to 1.5% of
final energy consumption in 2006, corresponding to annual savings of 10.3 PJ.

11. Directive 2006/32/EC of the European Parliament and of the Council of 5 April 2006 on energy end-use efficiency and
energy services and repealing Council Directive 93/76/EEC.
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= Stricter obligations: from 2010, the energy companies' obligations must be increased
from the current 2.95 PJ annually to 5.4 PJ annually. Implementation of the stricter
obligations was agreed with the companies.

= Reduction of energy use in buildings: for new buildings there must be energy savings
of at least 25% in 2010, at least 25% in 2015 and at least 25% in 2020, corresponding
to a total reduction of at least 75% by 2020.

= Campaigns to promote energy savings in buildings: DKK 20 million will be allocated
annually over the period 2008-2011, and DKK 5-10 million annually thereafter. This
measure was implemented immediately.

= Knowledge Centre for Energy Savings in Buildings: of the DKK 20 million earmarked
for promoting energy savings, up to DKK 10 million will be allocated annually in
2008-2011. The Centre will be evaluated in 2011.

REVIEW OF ENERGY SAVING ACTIVITIES

In early 2008, the DEA initiated an independent review of energy saving activities. The
review was carried out in accordance with the political agreement of June 2005, which
states that a review of combined Danish energy saving activities should be carried out in
the course of 2008. The main focus of the review is concentrated on the saving activities
of the grid and distribution companies, energy labelling of buildings, and the activities of
the Danish Electricity Saving Trust.

ENERGY STRATEGY 2050

Energy Strategy 2050, published in early 2010 following the publication of the findings of
the Commission on Climate Change Policy, outlines the energy policy instruments
needed to deliver the Danish government’s vision of becoming independent of coal, oil
and gas. In the period up to 2020, the Strategy aims to reduce the use of fossil fuels in
the energy sector by 33% compared with 2009. The Strategy will also increase the share
of renewable energy in total energy supply to 33% by 2020 and it will reduce primary
energy consumption by 6% by 2020 compared with 2006 thanks to a strong focus on
energy efficiency improvements.

The Strategy identifies energy efficiency and renewables as the two key focus areas to
put Denmark on track to meeting the long-term goal of fossil fuel independence and to
help meet the 2020 targets. Accordingly, many of the early objectives of the Strategy
focus on policy in these two sectors.

Box 4. Energy efficiency actions contained in Energy Strategy 2050

=  Obligations on energy companies will be raised by 50% from 2013 and by 75% in
2017-2020. Efforts will be financed via network tariffs.

= Denmark will 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.

=  Public sector energy-saving efforts from 2012 will be enhanced and, late in 2011,
a proposal will be presented to replace the existing requirements for a 10%
reduction in energy consumption by the State, relative to 2006.
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Box 4. Energy efficiency actions contained in Energy Strategy 2050 (continued)

When the present agreement on energy savings with Local Government Denmark
and Danish Regions expires, budget agreements with municipalities and regions
will be amended to include voluntary agreements on energy consumption in
buildings.

Denmark will continue to support the efforts by the Knowledge Centre for Energy
Savings in Buildings.

The Strategy also identifies a series of actions targeted on efficiency
improvements in households and in buildings.

Government will target the saving obligations of energy companies towards
renovation of buildings and the phase-out of oil and natural gas for heating.
Obligations will moreover be increased by 50% from 2013 and by 75% in 2017-
2020. Efforts will be financed via network tariffs.

Minimum efficiency standards for building components (windows, insulation etc.)
will have to be met when renovating buildings relative to future challenges, and
expected energy prices will be future-oriented. The standards will be determined
by taking into account the financial situation of home-owners, a healthy indoor
climate and freedom of architectural 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 achieved by
implementing a ban on installing oil furnaces in existing buildings 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.

Increased support for market promotion of initiatives for energy-efficient heat
pumps and solar heating, including labelling schemes, certification schemes,
package solutions and energy service companies (ESCOs) models.

Rules on compensation for gas companies converting individual natural gas
heating 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 construction of new buildings with very low energy consumption.

In the transport sector, the government will push in the EU for the promotion of
electric cars, among other things through enhanced harmonisation and
standardisation of technologies for electric cars; and push for the establishment
of a car recharging infrastructure throughout the EU, which is co-ordinated with
the regulation on intelligent infrastructure.

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

Source: Energy Strategy 2050.
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TRANSPORT

While total final consumption of energy in Denmark has remained relatively static over
the past decade, consumption in the transport sector has increased by 9% and in 2009
accounted for 31% of energy consumption or 70% of oil consumption. Existing efficiency
measures in the transport sector are based on a political agreement on transport,
taxation measures, efforts to promote modal shift and switching to alternative fuels.

Denmark has developed a comprehensive strategy to create a greener transport sector,
which was confirmed in the broad political agreement on a green transport policy in
January 2009. In line with this strategy, a Centre for Green Transport has been
established. The centre carries out campaigns, including the promotion of eco-driving
and proper inflation levels of tyres; and administrates a scheme for demonstration
projects in the area of energy-efficient transport solutions. Denmark is also
implementing European regulations to improve proper tyre inflation and lower CO,
emissions from light-duty vehicles.

Transport demand (modal shift)

In December 2008 the government presented a strategy giving priority to public
transport, which was subject to an agreement among a majority of parties in the Danish
Parliament in January 2009.

The agreement defines a number of projects related to improving infrastructure for rail
transport and public transport in major cities and to the promotion of bicycle use in
cities. The agreement also covers the costs of financing of the projects.

Promoting alternative fuels

In February 2008, the government and a majority of parties within the Danish Parliament
agreed to promote the use of renewable fuels. It was decided that electric vehicles
should be tax-exempted until 2012, a measure that was recently extended to 2015. In
addition, biofuels were mandated to account for 5.75% of the total use of fuel in the
transport sector by 2010, increasing to 10% by 2020. Finally, a test scheme for electric
cars was agreed and during the period 2008-2012 the government will provide a subsidy
to support testing of approximately DKK 33 million.

Vehicle taxes

Since 2000, registration taxes for privately owned motor vehicles have been
differentiated according to their fuel efficiency. In 2007, the tax rates were increased or
decreased according to the fuel efficiency of the vehicle generating an estimated
additional emissions reduction of 0.05 Mt CO,-eq per year.12 Gasoline-fuelled passenger
cars and vans receive a tax credit of DKK4 000 for each kilometre in excess of
16 kilometres the vehicles run per litre of gasoline. In the case of diesel vehicles, the
efficiency increase sought is 18 kilometres. Conversely, a tax increase of DKK 1 000 has
been imposed for each kilometre less than 16 kilometres gasoline-powered vehicles run
per litre of gasoline (18 kilometres in the case of a diesel-powered car).

12. Denmark’s Fifth National Communication on Climate Change under the United Nations Framework Convention on Climate
Change and the Kyoto Protocol, Ministry of Climate and Energy, 2009.
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Table 9. Examples from the Danish structure of tax incentives based on annual taxes on motor

vehicles, 2008/09

Fuel type Class of vehicle Fut(ell(:‘lo:esrlrirtlg)ion (DQT("::: ;Zxar)
Gasoline 1 >20 520
11 10-10.5 5500
24 <10.5 18 460
Diesel 1 25-225 1960
12 10.2-11.3 9620
24 <5.1 25060

Source: Ministry of Taxation.

BUILDINGS
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Denmark has very substantial energy efficiency policies for buildings and is a world
leader when it comes to building standards and requirements. The Danish government
estimates that between 30% and 40% of Danish energy consumption is used for heating,
ventilation and lighting in buildings. Accordingly, the government has developed a series
of regulations designed to reduce energy consumption in buildings.

The Danish building code is among the strictest in the world, and Parliament has decided
that these requirements will be strengthened by 25% to 30% first in 2010, then again in
2015 and 2020. Denmark, along with a few other countries, is implementing policies to
support the construction of buildings with very low or no net energy consumption
(Passive Energy Houses and Zero Energy Buildings). Denmark has established targets for
new builds in 2015 and 2020 at, or lower than, the passive energy house standard. By
2010, all new buildings must meet requirements for low-energy houses, i.e. less than
50 kWh per square metre per year. By 2015, energy consumption of new buildings will
have to be reduced by 60 % compared to actual requirements. Requirements for new
residential buildings will, by 2015, be equivalent to current voluntary German standards
for passive houses. The overall vision of the Danish government is that, in the long run,
all buildings should be "plus-energy houses", that is, houses that produce more energy
than they consume.

In addition, Denmark has energy requirements for the refurbishment of existing
buildings. Energy certification for the sale and rental of all types of buildings has been
mandatory for more than a decade. Public buildings have mandatory requirements for
energy efficiency improvements, based on the regular certification of these buildings
every five years.
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WINDOWS

Box 5. Danish building code requirements

Energy labelling of buildings in connection with a sale is mandatory every five years
when a building is over 1 000 square metres. The results of the labelling are public
and the rating (A to G), shall be included when advertising buildings for sale.

Inspection of boilers and heating installations: these regulations apply to boilers fired
by oil, gas, coal or coke; energy inspections of large ventilation plants take place every
five years

Building regulations are to ensure that construction of new buildings and the
renovation of existing ones prevent unnecessary energy consumption.

Furthermore, a number of initiatives have been launched to promote energy savings
in buildings. These include:

= DKK 30 million for the promotion of heat pumps in areas situated outside the
collective supply grid;

=  DKK 10 million annually over a three-year period for campaigns on energy savings
in buildings; and

=  DKK 10 million per year for the support for a Knowledge Centre on Energy Savings
in Buildings.

Source: Danish Energy Agency.

Improvement of the energy efficiency standards of windows and glazing are important
elements in Danish energy conservation measures. Current measures consist of three
elements:

New provisions in the building code have established standards for energy properties in
facade windows for both new buildings and replacement of windows in existing
buildings.

In December 2010, the Association of Danish Window Manufacturers — a branch
association that represents the interests of 70 window and door manufacturers — and
the Minister of Climate and Energy signed a new voluntary energy labelling scheme for
windows. The purpose is to make it easier for consumers to find energy-efficient
windows. The schemes categorise products into a scale from A to C, where C is the
mandatory target in the building code. Companies and products subject to the scheme
will be regularly checked and companies will have to state the energy properties of their
products.

According to an earlier agreement on the phasing-out of traditional sealed units and
promotion of energy-efficient window solutions, the glazing industry has a voluntary
labelling system for double glazing. Consequently, energy-efficient sealed units have
become standard products and a campaign to promote their sales and those of other
energy-efficient window solutions has been launched.
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KNOWLEDGE CENTRE FOR ENERGY SAVINGS IN BUILDINGS

APPLIANCES

PUBLIC SECTOR

As part of the 2008 Energy Agreement, the government established a Knowledge Centre
for Energy Savings in Buildings, which opened for the general public in January 2009.

The objective of the Knowledge Centre’s work is to raise awareness in the construction
sector of how energy savings in buildings can be achieved, and to ensure greater
awareness of the building code requirements and hereby increase energy savings. The
primary target group is tradesmen, contractors, advisors and consultants as well as
smaller enterprises in the construction sector.

European Union regulations have to a large extent harmonised national measures
relating to the publication of information on the consumption of energy and of other
essential resources by household appliances, thereby empowering consumers to choose
appliances on the basis of their energy efficiency.13 In September 2010, the European
Commission published a series of delegated regulations, which will enter into force in
2011. The aim of energy labelling is to provide incentives for industry to develop further
improved products and innovations beyond the minimum mandatory energy efficiency
levels.

These regulations will require manufacturers to declare the energy efficiency of
televisions, refrigerators, dishwashers and washing machines, using an A to G scale, with
A being the highest rating. The new labelling system allows up to three classes (A+ to
A+++) to be added on top of class A so as to provide consumers with more
differentiation between products. Energy labels are mandatory for all appliances placed
on the EU market and they must be clearly displayed on each appliance at the point of
sale.

The Danish Energy Saving Trust complements European measures with its Energy Saving
Label scheme. The scheme, launched in 2006, is typically used on Denmark's top 20%
most energy-efficient appliances, equipment and light bulbs in any given product
category. The Trust ensures that the requirements are fulfilled through ongoing
monitoring and carries out random testing on products. The Trust also provides
purchasing and energy savings advice to consumers.

Since January 2006, all public buildings larger than 1500 square metres must renew
their energy label every five years. From July 2009, this provision was extended to all
buildings. In addition to regular energy labelling of buildings, there are a number of
requirements that state institutions must comply with so as to ensure energy efficiency.

The Danish Regions and Local Government Denmark have entered into agreements
whereby regions and municipalities are to comply with the same requirements as the
State regarding energy efficiency.

13. Directive 2010/30/EU of the European Parliament and of the Council of 19 May 2010 on the indication, by labelling and
standard product information, of the consumption of energy and other resources by energy-using products.
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Curve Breaker Agreements

The Energy Saving Trust has introduced Curve Breaker Agreements with a number of
municipalities. Municipalities that sign this agreement pledge themselves to reducing
their annual electricity consumption by a certain percentage over an agreed number of
years. The aim of the agreements is to reverse energy consumption trends by setting
fixed targets for how to achieve savings.

The idea behind these agreements is to save energy, as well as providing a greener
profile to the organisations making the efforts. As part of the agreement, organisations
benefit from a range of tools to help them fulfil their targets. These cover user
behaviour, purchasing and operations.

INDUSTRY

Total final consumption in the industry sector has been relatively flat over the past
decade averaging 3.1 Mtoe per year. This suggests that industry has stabilised energy
consumption while maintaining considerable growth at the same time. The government
utilises two related tools to drive energy efficiency in the sector: taxation and voluntary
energy agreements.

Since 1996, when the Green Tax Package was introduced, energy consumption by the
sector has been subject to CO, and energy taxes.' The revenue from the taxes is
redirected to trade and industry, and energy-intensive companies can receive a tax
rebate.

Voluntary agreements on energy efficiency

Since 1996, Denmark has used voluntary agreements on energy efficiency as an
important instrument to improve energy efficiency in energy-intensive companies. The
voluntary agreement scheme is closely integrated with the Green Tax Package as
companies that enter an agreement receive a rebate on the green taxes. The agreement
system has two main objectives; first, to encourage energy-intensive companies to
improve their energy efficiency, and second, to ensure that the international
competitiveness of energy-intensive companies is retained.

The agreement system contains three essential elements:

®  energy management;

= industry-specific investigations focusing on improving energy efficiency; and
= production processes investments in projects improving energy efficiency.

Each agreement contains a number of key elements: energy management, special
investigations, and investments in energy efficiency. In addition, a number of measures
are introduced in order to monitor and verify the process. All agreements cover a three-
year period and are based on estimates of the company’s production potential and
estimated investments in the agreement period. Agreements can be renegotiated during
the agreement period if the original estimates change considerably."” Each participating

14. Since 1995, a number of green taxes have been introduced for trades and industries as follow-up to the 1993 tax reforms
and the 1994 report, Green Taxes and Trades and Industries.

15. Voluntary Agreements on Energy Efficiency — Danish Experiences, Danish Energy Agency.
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company must submit reports on its compliance with the agreement to the Danish
Energy Agency and all aspects of an agreement must be verified by accredited
institutions. In rare cases of non-compliance, the agreement is rescinded and the
company becomes subject to full taxation and tax rebates received by the company
must be reimbursed.

Table 10. Participation in Energy Agreements and tax levels

Heavy process Light process Space heating
With Without With Without With Without
agreement agreement agreement agreement agreement agreement
Energy tax 0, 0, 0, 0, 0, 0,
(The full tax is EUR 6.8/GJ) 0% 0% 0% 0% 78% 100%
COZ tax
(The full tax is 3% 25% 68% 90% 78% 100%
EUR 13.4 per tonne CO;)

Source: Danish Energy Agency.

In 2006, the Danish Energy Agency published an evaluation of the effectiveness of the
voluntary agreements.16 The report was unable to quantify the effect of the agreements
but acknowledged that they improved overall energy efficiency by about 0.7% per year.

UTILITIES

Annual savings obligations are set for all energy distribution companies. In January 2010
the obligations were increased by 100%. The target corresponds to more than 1.2% of
total final energy consumption. From 2011 savings are weighted in relation to lifetime,
CO, emissions reductions and savings in areas outside the EU Emissions Trading Scheme.
The obligations of energy distribution companies will be raised by 50% from 2013 and by
75% in 2017-2020.

COMBINED HEAT AND POWER AND DISTRICT HEATING

Denmark has the most extensive co-generated heat and electricity system in the EU and
more than half of Danish electricity is co-generated with heat. There are more than two
and a half million domestic heating installations in Denmark and more than half of these
are district heating (DH) installations. Approximately 60% of heat consumers receive
their heat from public heat supply.

Danish local authorities are the central players in the public heat supply; they develop
heating plans and have responsibility for expanding district heating and for
implementing any changes made necessary by amendments to the regulations in the
Law on Heat Supply.

16. Evaluation of the Danish Voluntary Agreements on Energy Efficiency in Trade and Industry, Danish Energy Agency, 2006.
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District heating (DH) consumers can receive heat from either heating plants or combined
heat and power plants (CHP). Typically, CHP facilities are either centralised or
decentralised; centralised CHP plants usually have much larger capacity than
decentralised CHP. At present, there are approximately 16 centralised and 415
decentralised plants supplying public heating in Denmark.

One in three of the decentralised DH plants and one in seven of the decentralised CHP
plants use environment-friendly fuels (straw, wood chips, wood pellets, biogas or
waste). The remainder — by far the majority — use natural gas.

The Danish Energy Agency has set the general conditions for the establishment and
operation of district heating. These conditions are intended to ensure that both cost-
effectiveness and consumers' heating costs are taken into consideration.

The Danish Energy Regulatory Authority (DERA) and the Energy Supplies Complaint
Board monitor the district heating sector and handle complaints regarding prices and
conditions. The district heating sector is owned and operated in various ways. There are
co-operatives, joint-stock companies and local authority companies (often interest group
companies and local authority supply bodies).

In the district heating market, both production and network companies are monopolies
and regulated as non-profit undertakings. DERA monitors their prices and delivery terms,
and takes regulatory action if the prices and terms of the network companies are not in
line with the non-profit regime.

The district heating sector comprises about 600 suppliers, which together supply about
60% of Danish housing with district heating. The 55 to 60 largest enterprises supply 60%
of district heating. About 75% of DH production is at CHP plants. The remaining 25% is
produced at smaller plants which primarily produce heating. DERA regulates the full
consumer price of district heating, apart from the VAT element. There are no special
taxes on district heating. Instead, taxes and duties are imposed on the fuel used to
produce district heating.

Prices from district heating plants are adjusted in accordance with the “non-profit”
principle. In contrast to enterprises operating under ordinary market conditions, where
the market sets prices, district heating plants’ prices may only reflect necessary
production and administration costs. The Heating Supply Act stipulates which necessary
costs can be included in heating prices and DERA supervises these.

The price differences between the individual district heating plants therefore reflect the
different levels of costs of the plants, for example differences in construction costs, type
of plant, size, etc. There are also differences in the framework conditions to which the
individual plants are subject, such as the choice of fuel and mandatory connection for
customers.

DERA publishes consumer prices of district heating for residential flats and single-family
houses on the DERA website and here consumers can compare suppliers’ prices. The
published prices are those (including VAT) most recently notified to DERA by the
individual district heating suppliers.

However, the prices provide no information about the heating costs for a specific given
residence. In order to calculate the actual price, the consumer must start from the actual
consumption of the residence (variable contribution) and the actual basis for calculating
the fixed contribution (subscription and output contribution).
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CRITIQUE
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Energy intensity, adjusted for purchasing power parity (PPP), in Denmark is among the
lowest in the IEA. Denmark has very substantial energy efficiency policies for buildings
and is a world leader when it comes to building standards and requirements. The Danish
Parliament has decided that these requirements will be strengthened once more; by
25% to 30% first in 2010, then again in 2015 and 2020.

The 2008 Energy Agreement determined ambitious goals for energy-saving initiatives.
Total annual energy savings must be raised to 1.5% of the final energy consumption for
2006 (10.3 PJ per year), which corresponds to the combined energy consumption of
about 110 000 Danish homes. Furthermore, Denmark must reduce gross energy
consumption by 4% by 2020 relative to 2006. At the same time, it has been decided that
the energy-saving requirements of energy companies will be increased by about 85%
from 2010.

Energy Strategy 2050 identifies energy efficiency and renewable energy as the two key
activities to put Denmark on track to meeting 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.
The Strategy projects that in 2050 Danish energy consumption could be more than 50%
more efficient than at present.

Denmark has built strong well-resourced institutions to support its energy efficiency
activities. The remit of the Danish Electricity Saving Trust has been expanded with the
creation of the Danish Energy Saving Trust with the mission to promote energy efficiency
in households, the public sector, and the commercial and industrial sectors for all forms
of energy use. The Trust promotes energy savings through information campaigns,
knowledge sharing, market introductions, the development and presentation of
standard energy-saving products and solutions, and project financing. Denmark has also
established an Energy Saving Centre, where energy-saving practices in buildings and
industry sector are promoted.

The energy utilities are the main actor providing help to actual implementation of energy
saving, especially in existing buildings and private enterprises. From 2010, their annual
energy saving obligations increased by more than 100% and will count towards 60% of
the total annual energy-saving target.

To support member governments with their implementation of energy efficiency, the
IEA has developed 25 energy efficiency policy recommendations. This consolidated set of
recommendations covers 25 fields of action across seven priority areas: cross-sectoral
activities, buildings, appliances, lighting, transport, industry and electric utilities.
Denmark is regarded as one of only five countries that appear to have “fully
implemented” or “substantially implemented” more than 40% of the IEA
recommendations.

In the building sector, Denmark is a world leader in energy efficiency standards and
requirements. In terms of stringency of building code standards, Denmark stands out as
having one of the most advanced set of requirements

The building codes contain relatively strong measures that apply to both new and
existing buildings. Building codes for existing buildings apply when the building
undergoes a major renovation or when replacing components such as roofs, windows,
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pumps, etc. Energy certification for the sale and rental of all types of buildings has been
mandatory for more than a decade. Public buildings have mandatory energy efficiency
improvement requirements, based on their regular certification every five years.

A system for successive strengthening of energy efficiency requirements for new
buildings is in place and, from 2015, all new buildings will require less energy use than a
passive house. The government’s long-term vision, adopted in April 2009, is for all
buildings to be “plus-energy” houses, meaning they produce more energy than they use.
Energy Strategy 2050 builds on existing measures and will incorporate a “low-energy
rating 2020” in the building regulations with a view to promoting the construction of
new buildings with even lower energy consumption levels.

Denmark is also addressing the building workforce through an innovation and education
programme. This work is important as low-energy buildings require new knowledge and
more quality awareness from the construction workers and material suppliers.
Furthermore, monitoring the implementation of the measures proposed by the
government will require a large corps of suitably qualified inspectors.

In the commercial and public-sector buildings, Denmark is continuing its efforts to
implement energy-efficient lighting systems. Specifying minimum efficiency
performance standards (MEPS) for general service lighting in commercial buildings and
targeted measures to stimulate better control of lighting in unoccupied spaces have a
significant potential to improve Denmark’s energy efficiency.

For industry there is significant use of obligation for energy utilities. That means that the
energy utilities have a yearly obligation to assist its customers in introducing energy-
saving measures. Denmark also has a tradition of voluntary agreements with industry,
combined with economic incentives. But these agreements tend to be out-of-date
because of the ETS and EU constraints (legal regulations).

For domestic appliances, Denmark is in the process of implementing the relevant EU
directives. These regulations are supported by the innovative Energy Saving Label
scheme, which identifies the most efficient appliances and bulbs to consumers.
Voluntary agreements with industry are to be adopted in the areas of Set Top Boxes and
Digital Television Adaptors. The Energy Saving Trust supports these measures with
various information and certification schemes and efficiency-related tools and
calculators aimed at consumers and small business.

Despite its achievements, Denmark has some scope to improve its energy efficiency
policy portfolio. For example, Denmark could consider expanding its enforcement
systems. Enforcement of energy efficiency policy is important for maximising energy
savings and for ensuring the credibility of schemes. Denmark should establish and
implement a suite of enforcement actions commensurate with the scale of any non-
compliance and the value of lost energy savings.

There is also room for improvement with respect to policies promoting the financing of
energy efficiency; there is a need to promote the benefits of energy efficiency
investments to financial institutions and to assist them with developing energy efficiency
investments for small and medium-sized enterprises.

The Danish government has worked hard to address deficiencies in the transport sector
and has developed policies to promote modal shift and alternative fuels. The
development of a Green Transport Policy and the establishment of a Centre for Green
Transport are commendable steps.

65

© OECD/IEA, 2011



4. Energy efficiency

Notwithstanding Denmark’s impressive progress to date, the government should
continue efforts to fully implement the IEA recommendations for improving energy
efficiency (see Box 6). In particular, it should consider bringing together its various
policies and measures under a single national strategy on energy efficiency.

RECOMMENDATIONS
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The government of Denmark should:

O Develop measures to ensure continued compliance and monitoring of updated
building codes and energy-saving programmes.

O Develop energy-saving targets for the stock of existing buildings by means of
incentives for investments in energy efficiency improvements.

O Continue its efforts to implement energy-efficient lighting systems and introduce
targeted measures to stimulate better control of lighting in unoccupied spaces.

Box 6. IEA 25 energy efficiency recommendations

To support governments with their implementation of energy efficiency, the IEA
recommended the adoption of specific energy efficiency policy measures to the G8
summits in 2006, 2007 and 2008.

In 2011, in order to reflect emerging priorities, the IEA, in consultation with
international experts and member countries, streamlined and updated the 25
recommendations. The updated 25 recommendations cover a robust portfolio of
policies that member and non-member countries should consider in the context of
their energy economies.

This portfolio of recommendations includes policies to cost-effectively increase
energy efficiency by establishing market signals to motivate effective action,
accelerate the introduction of new technologies, and strengthen and enforce
minimum energy performance standards (MEPS) for appliances, lighting, equipment
and building energy codes.

1. To improve energy efficiency across all sectors, the IEA recommends action in the
following areas:

= energy efficiency data collection and indicators;

= strategies and action plans;

= competitive energy markets, with appropriate regulation;

= private investment in energy efficiency; and

=  monitoring, enforcement and evaluation of policies and measures.
2. To achieve savings in the buildings sector, the IEA recommends:

= mandatory building energy codes and minimum energy performance
requirements

= aiming for net zero energy consumption buildings;

= improving energy efficiency of existing buildings;
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Box 6. IEA 25 energy efficiency recommendations (continued)

building energy labels and certificates; and
energy performance of buildings components and systems.

To achieve significant energy savings in the appliances and equipment sector the
IEA recommends:

mandatory energy performance standards and labels for appliances and
equipment; and

test standards and measurement protocols for appliances and equipment.

To achieve significant energy savings in the lighting sector, the IEA recommends:
phase-out of inefficient lighting products and systems; and

energy-efficient lighting systems.

To achieve significant energy savings in the transport sector, the IEA
recommends:

mandatory vehicle fuel efficiency standards;

measures to improve vehicle fuel efficiency;

fuel-efficient non-engine components;

improving operational efficiency through eco-driving and other measures; and
improve transport system efficiency.

To achieve significant energy savings in the industrial sector, the IEA
recommends:

energy management in industry;

high-efficiency industrial equipment and systems;

energy efficiency services for small and medium-sized enterprises; and
complementary policies to support industrial energy efficiency.
Energy utilities and end-use energy efficiency

Governments should establish regulatory and other policies to ensure that energy
utilities support cost-effective, verifiable end-use energy efficiency
improvements.
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5. Renewable energy

OVERVIEW

5. RENEWABLE ENERGY

Key data (2010 estimates)

Share of renewable energy: 20.7% in TPES and 33.5% in electricity generation
(IEA average: 7.7% and 17.7%), up from 11.4% and 17.1% in 2000

Biofuels and waste: 17.1% of TPES and 13.2% of total electricity generation
Wind: 3.4% of TPES and 20.2% of total electricity generation

Other renewable energy: 0.15% in TPES and 0.06% in electricity generation

Renewable energy policies have been at the heart of Danish energy strategy for almost
three decades and with no hydropower resources of note, Denmark relies on wind and
biomass for most of its renewable energy. It was an early mover in the wind energy
industry and today Danish technology is a world leader. Should Energy Strategy 2050 be
fully implemented the renewable energy sector will form the cornerstone of the new
energy economy.

SUPPLY AND DEMAND

Over the past decade, Denmark has developed an enviable record of growing the share
of renewable energy in its total primary energy supply (TPES). Since 2000, it increased at
an average rate of 6.6% per year reaching 19.4% of TPES in 2009. Estimates indicate that
production of renewable energy increased by a further 13% in 2010.

Biomass and waste is the largest renewable energy source, representing 17.1% of TPES
in 2010, followed by wind, which contributed 3.4%, with a negligible contribution from
other sources. Sources of biomass include fuel wood and vegetal products such as straw,
which represent 12% of TPES, followed by waste, which represents approximately 5% of
TPES, with the remainder coming from biofuels.

Among IEA-member countries, Denmark is a leader in terms of energy produced from
waste, followed by Switzerland and far ahead of IEA third- and fourth-placed Sweden
and Austria. In terms of consumption, 91% of waste is used in CHP plants and the
remaining part in heat-only plants. In 2009, nearly half of solid biomass supply was used
for heating purposes in the residential sector, 29% in CHP plants, and 17% in heat-
producing plants.

Over the longer term to 2030, the Danish government forecasts a similar growth trend
during the next decade, with renewable energy sources adding up to nearly 30% of total
primary energy supply in 2020 in business-as-usual/without new initiatives and stabilising
at this level until 2030. The large part of the increase will come from the biomass and
waste sector and is expected to replace the drop in coal supply over this period.
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Figure 14. Renewable energy as a percentage of total primary energy supply, 1973 to 2030*
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Source: Energy Balances of OECD Countries, IEA/OECD Paris, 2011.

Figure 15. Renewable energy as a percentage of total primary energy supply
in IEA member countries, 2010*
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* Estimates.

Source: Energy Balances of OECD Countries, IEA/OECD Paris, 2011.
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Figure 16. Electricity generation from renewable energy as a percentage of all generation
in IEA member countries, 2010*
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Source: Energy Balances of OECD Countries, IEA/OECD Paris, 2011.

INSTITUTIONS

The long-term goal of the Danish government is independence from coal, oil and gas by
2050. Achieving this goal will require the development of a greenhouse gas neutral
energy sector, which utilises 100% renewables, or a combination of renewables and
coal/biomass with carbon capture and storage (CCS). Satisfying this ambition will also
require a renewable energy-based transport sector. The transition to this long-term goal
will pose strong challenges to the renewable energy sector.

The Ministry of Climate, Energy and Building is the lead ministry with responsibility for
the development of renewable energy policy, energy agreements, legislation and
regulations. The ministry and its agencies represent Denmark at international forums
and energy-related regional co-operation.

The Danish Energy Agency (DEA), established in 1976, is an agency under the Ministry of
Climate, Energy and Building. Its responsibilities in relation to renewable energy policy
include: preparing energy agreements, legislation and regulations, the permitting wind
turbines construction and managing tender processes for offshore wind farms.

Energinet.dk owns and operates the electricity transmission system. It administers a
number of schemes aimed at promoting increased use of renewables energy sources
and is responsible for ensuring that the power system is able to handle the increasing
amounts of wind-generated electricity.

The Ministry of the Environment is in charge of administrative and research tasks in the
area of environmental protection and planning. The administration at state level is
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managed by the Ministry of the Environment. At regional and local levels, much of the
administrative responsibility has been delegated to municipalities.

POLICIES AND MEASURES

OVERVIEW AND TARGETS

Danish energy policy has long supported renewable energy and energy efficiency policies
as a means to reaching its broader energy policy goals. Danish renewable energy policy
is to a large extent influenced by European Union energy policy and Denmark supports
the view that EU member states should also work together to avoid any inappropriate
competition between them.

Domestically, the Energy Policy Agreement of 21 February 2008, between the
government and a number of other parliamentary parties, has the most significant
influence on renewable energy policy. Proceeding energy agreements and energy laws
also shape Danish renewable energy policy.

DOMESTIC MEASURES

74

2008 Energy Policy Agreement

In accordance with the 2008 Energy Policy Agreement, renewable energy must make up
20% of Denmark’s gross energy consumption by 2011. The agreement improved
framework conditions and enhanced support for wind, biomass, biogas, waste and other
sources of renewable energy. The agreement also contains a series of initiatives to
ensure that Denmark is able to meet these targets.

In addition to raising the price premium of power from the country’s wind turbines,
biomass and biogas, parties to the agreement committed to constructing 400 MW of
new offshore wind turbines by 2012. The agreement also covered the creation of a
compensation scheme for people living near wind turbines, a purchasing rights scheme,
a green scheme and a guarantee fund. The agreement also set aside a further
DKK 25 million for research into solar and wave power and other renewable energies
each year for the four years of the arrangement.

The Promotion of Renewable Energy Act implements important parts of the political
agreement. It entered into force in January 2009.

Green Growth Agreement 2009

In June 2009, the government and the Danish People’s Party signed an Agreement on
Green Growth. The purpose of the agreement was to ensure that a high level of
environmental, nature and climate protection goes hand in hand with modern and
competitive agriculture and food industries. The agreement includes a plan for the
expansion of agriculture’s role as a supplier of green energy, such as energy crops and
biogas, and established the goal that up to 50% of livestock manure in Denmark is to be
used for green energy in 2020. In 2012, the status of development of the biogas plants
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will be assessed, including an evaluation of the need for any further initiatives to achieve
greater energy exploitation of livestock manure.

EUROPEAN UNION MEASURES

Renewable energy policy in Denmark is also guided by EU requirements. The Directive
2009/28/EC on Renewable Energy sets ambitious targets for all member states, such
that the EU will reach a 20% share of energy from renewable sources by 2020 and a 10%
share specifically in the transport sector.”’ Previous non-binding targets for 2010 for
biofuels and electricity from renewable sources have been replaced by a binding target
to increase the share of renewable energy in gross final energy consumption by 2020.
Under Directive 2009/28/EC, Denmark must increase this share from 17% in 2005 to 30%
in 2020.

Article 4 of Directive 2009/28/EC requires member states to submit national renewable
energy action plans by 30 June 2010. These plans, to be prepared in accordance with the
template published by the Commission, provide detailed roadmaps of how each
member state expects to reach its legally binding 2020 target for the share of renewable
energy in its final energy consumption.

Member states must set out the sectoral targets, the technology mix they expect to use,
the trajectory they will follow and the measures and reforms they will undertake to
overcome the barriers to developing renewable energy. Denmark submitted its National
Action Plan in June 2010.

Table 11. National 2020 target and estimated energy share from renewable energy sources in heating
and cooling, electricity and transport

2005 2010 2015 2020
(F:{(Eosi(i)nugr?‘f; for heating and 23.2 30.8 36.0 39.8
RE sources for electricity (%) 26.8 34.3 45.7 51.1
RE sources for transport (%) 0.2 1.0 6.7 10.1
Overall share of RE sources (%) 16.5 21.9 22.6 30.0

Source: National Action Plan for renewable energy in Denmark.

ENERGY STRATEGY 2050

In early 2011, the Danish government published its long-term energy strategy, Energy
Strategy 2050. This document elaborated on Denmark’s vision of a future completely
independent of reliance on fossil fuels by 2050. The Strategy contained a number of
policies designed to increase the share of renewable energy. With the policies
implemented, its share in total energy supply is projected to reach 33% by 2020. The
Strategy identifies energy efficiency and renewables as the two key focus areas to put
Denmark on track to meeting the long-term goal of fossil fuel independence and to help

17. Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the promotion of the use of
energy from renewable sources and amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC.
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meet the 2020 targets. Accordingly, many of the early objectives of the Strategy focus on
policy in these two sectors.

Energy Strategy 2050, published in early 2011 following the publication of the findings of
the Commission on Climate Change Policy in 2010, outlines the energy policy
instruments needed to deliver the Danish government’s vision of becoming independent
of coal, oil and gas. The government’s goal is a greenhouse gas-neutral energy sector,
which utilises 100% renewables or a combination of renewables and coal/biomass with
room for CCS if the technology in the long term proves to be commercially attractive.
The ambition is also for a renewable energy-based transport sector; however, this goal is
less certain in the medium term. The Strategy identifies the potential elements in an
energy and transport system independent of fossil fuels (see Box 7).

Box 7. Key elements of the Danish energy system of the future

= Highly-efficient energy consumption.

= Electrification of heating, industry and transport.

=  More electricity from wind power.

= An efficient utilisation of biomass resources.

= Utilisation of biogas.

= Photovoltaic solar modules and wave power as supplements.

=  Spreading renewable energy-based district heating and individual heating.

= Anintelligent energy system.

Source: Energy Strategy 2050.

In the Strategy, the government presents a package of energy and climate policy
initiatives. The package includes initiatives with immediate effect, initiatives setting out
long-term frameworks, and initiatives that encourage technological development.

In the period up to 2020, the new initiatives are projected to reduce the use of fossil
fuels in the energy sector by 33% compared with 2009. If fully implemented, the
Strategy will also increase the share of renewable energy in total energy supply to 33%
by 2020 and it will reduce primary energy consumption by 6% by 2020 compared with
2006 owing to a strong focus on energy efficiency improvements.

The Strategy identifies a large number of actions relating to the expansion of renewable
energy under each of the relevant initiatives.

Strategy 2050 initiatives

Increased expansion of wind power: Over the longer term, Denmark expects that wind
will be able to compete with the costs of conventional electricity production. Therefore,
subsidy mechanisms for onshore wind turbines can gradually be phased out. Energy
Strategy 2050 acknowledges that in the future most development will happen offshore,
since there are only a limited number of suitable locations available onshore. In order to
maximise the potential of offshore wind, newly developed turbines will have to be
erected and operated on a continuous basis, ideally closer to the coast than was the case
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PLANNING

in the past. For this to happen, the Strategy identifies a number of government actions
that need to be completed as soon as possible. These actions are summarised in
Table 14.

Greater use of biomass: the Strategy sees considerable potential for biomass to cost-
effectively replace large amounts of coal and natural gas in the short term. At present,
the majority of large-scale power plants in Denmark have the technical ability to utilise
biomass for part of their production. The Strategy acknowledges that, in the long term,
conversion from fossil fuels to renewable energy outside Denmark will lead to pressure
on biomass resources and thus rising prices, and possible challenges to security of

supply.

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 accordance 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.

A transition to green energy in the transport sector: as a major consumer of fossil fuels,
the transport sector will have to go through a radical transformation before 2050. In the
short term, greater use of biofuels is expected as is more efficient combustion engine
technology. In the long term, electric power will be the likely source of energy.
Therefore, the necessary infrastructure will be needed. Work to establish the required
framework and infrastructure is already well under way in Denmark, and incentive and
supports are already in place.

The political framework conditions for onshore wind turbines have been agreed in part
in the Energy Policy Agreement 2008 and subsequently implemented in the Danish
Promotion of Renewable Energy Act, which was adopted by the Danish Parliament in
December 2008 and entered into force on 1 January 2009. As a general rule, the
municipalities are responsible for the planning of onshore wind turbines. The Agency for
Spatial and Environmental Planning, part of the Ministry of the Environment, manages
legislation on planning activities in connection with onshore wind turbines.

Following the local government reform in 2007, the planning authority for onshore wind
turbines up to 150 metres has passed to the municipalities. The regulations for municipal
planning ensure that citizens, associations, authorities and other stakeholders are
continuously involved in the process. In order to be able to assist the municipalities in
this work, the Danish Ministry of the Environment has set up the Wind Turbine
Secretariat under the Agency for Spatial and Environmental Planning.

The Promotion of Renewable Energy Act contains four new schemes to promote the
development of wind turbines on land: loss of value to real property due to the erection
of wind turbines, local citizens’ option to purchase wind turbine shares, a green scheme
to enhance local scenic and recreational values and a guarantee fund to support
financing of preliminary investigations by local wind turbine owners’ associations.
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The Danish Energy Agency is the planning authority for -electricity-generating
installations at sea. Thus, investors need to receive licences from the Danish Energy
Agency when an offshore wind power project is to be established. The Danish Energy
Agency serves as a “one-stop-shop” for permits to offshore wind farms in the way that
the Danish Energy Agency co-ordinates with other relevant authorities with regard to
their interests and conditions. Thus, the project developer does not have to rustle alone
with the many, often opposing, interests connected to the establishment of offshore
wind power projects.

In 2005, the Ministry of Energy and Transport requested the Danish Energy Agency to
appoint a committee to identify suitable sites for the development of large-scale
offshore wind parks. The committee examined 23 specific possible sites, each of
44 square kilometres to an overall area of 1012 square kilometres divided between
7 offshore areas. The committee recommended that any forthcoming expansion of
offshore wind farm construction should take place in a prioritised order and
recommended that the first farm be constructed at Djursland-Anholt in the Kattegat.

In order to ensure that the necessary transmission infrastructure is ready for
commissioning at the time the offshore wind turbines enter operation, the committee
recommended that a long-term localisation plan must be drafted for the expansion of
offshore wind power. Co-ordination between central, regional and local authorities,
when implementing a localisation plan, is crucial to streamlining administrative
procedures.

Energinet.dk is responsible for connecting wind turbines and other energy sources to the
electricity grid, paying subsidies for environment-friendly electricity production and the
handling of system operations, securing sufficient production capacity and ensuring that
the electricity infrastructure supports the increasing use of renewable energy.

Box 8. Promotion provisions in the Renewable Energy Act (RE Act)

National targets for the combined local authority planning for wind turbines.
Four new schemes for the promotion of wind turbines:

= compensation for loss of property value due to the erection of wind turbines;

= model for local ownership through purchasing rights to wind turbines for local
inhabitants;

= agreen plan for reinforcing local countryside and recreational values; and

= 3 guarantee scheme for financing preliminary investigations by local wind turbine
associations.

Rules for authorisation of offshore electricity generation (including the tendering of
offshore wind farms).

Rules for connecting wind turbines to the electricity network.
Technical and safety requirements for wind turbines.

Rules on the regulation of electricity generation from tendered offshore wind
turbines.
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Box 8. Promotion provisions in the Renewable Energy Act (RE Act) (continued)
Subsidies for utilities generating electricity from renewable energy sources.
Pool for small renewable energy technologies.

Onshore wind turbines are regulated by the Planning Act. The rules for spatial
planning do not apply offshore, which is why licences for the establishment of
electricity-generating installations (primarily wind power, although they can also be
wave power, or similar) are issued in pursuance of the Renewable Energy Act. These
acts also contain regulations on environmental impact assessment (EIA) and other
impact assessments.

Source: Ministry of Climate, Energy and Building.

ELECTRICITY FROM RENEWABLE ENERGY SOURCES

WIND POWER

Renewable energy sources provided 28% of Denmark’s electricity supply in 2009. Of this,
wind power generated 6.7 TWh or 18.5% of total electricity generation, which is the
largest share of wind among IEA member countries. Electricity generated from biomass
and waste provided 11% of electricity in 2009, the second-largest share among IEA
member countries, only Finland having more, with 12.4%. The contribution of other
sources of renewable energy to electricity has been negligible to date but Denmark has
invested in research related to a number of other technologies, most notably ocean and
wave power.

Between 1990 and 2008, net generating capacity from renewable and waste sources
grew from 413 MW to 4 120 MW with the majority of this increase coming from wind
energy, which added approximately 2 850 MW of capacity over the period, increasing by
an annual average of 13.1%. Output from renewable capacity increased from 848 GWh
in 1990 to 10 693 GWh in 2009 or at an average of 15.2% per year. Approximately 36%
of electricity was produced as combined heat and power fuelled by solid biomass, waste
and biogas.

Climate and location confer a strong advantage on Denmark and favours wind power as
a renewable energy source. Wind conditions are generally more favourable for
electricity production than in many other European countries. Denmark also enjoys first-
mover advantage in the wind power sector and has built up a strong technological and
research capacity, which supports a solid manufacturing base. The Danish Energy Agency
(DEA) estimates the combined global market share of the two largest Danish wind
turbine manufacturers was just over 27% in 2008.

Table 12 shows key figures for power generation in eastern and western Denmark in
2009 when both electricity systems were not interconnected.

Investment in recent years has been focused on fewer — but larger — wind turbines,
while the combined wind turbine capacity has been relatively constant. Additional wind
power capacity in the coming years will come from offshore wind farms. In 2009, wind
power capacity in Denmark increased by approximately 319 MW, of which 75% came
from offshore wind farms. More recently, DONG Energy won the tend