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Preface

The Danish Energy Model has shown
that through persistent, active and cost
effective energy policy with ambitious
renewable energy goals, enhanced
energy efficiency and support for
technical innovation and industrial
development, it is possible to sustain
significant economic growth, a high
standard of living and a high level

of security of energy supply, while
reducing fossil fuel dependency and

mitigating climate change.

In a nutshell: energy savings,
optimized manufacturing and invest-
ments in green energy technology are

good value for money.

Denmark has reduced the adjusted
greenhouse gas emissions by more
than 30% since 1990. With current
measures in place, the Danish Energy
Agency estimates that emissions will
be approximately 40% lower by 2020 —
surpassing Denmark'’s legally binding
EU commitment of 34%. Denmark has

the highest contribution of non-

hydro renewables in any electricity
system worldwide: 66% in 2015. In 2015,
more than 40% of the Danish electric-
ity consumption was based on wind
power; by 2020 this figure will likely be

more than 50%.

The Danish government has set a num-
ber of targets for the further

development of the energy sector:

Continuing low-carbon energy sector

transition in a cost effective manner

Maintaining Denmark’s leading position
in a number of low-carbon technologies

and systems

And ultimately, making Denmark
self-reliance
on renewable

energy in 2050

The Danish
Energy Model
documents that
the transition

to 21st cen-

tury energy is
Morten Baek

doable — and )
Director General

affordable. Danish Energy Agency
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Low-carbon economic

growth and job creation

The results of clear political direction have
been significant and convincing: the Danish
experience shows that through persistent
and active energy policy focused on en-
hanced energy efficiency and ambitious use
of renewables in a cost efficient manner, it
is possible to sustain significant economic
growth and simultaneously reduce fossil-
fuel dependency while protecting the

climate and environment.

The Danish economy’s energy consumption
is among the lowest in the world relative

to gross output. Denmark has become

one of the world’'s most energy efficient
economies. Since 1990, Danish GDP has
increased by 44%. During this period, the
domestic energy consumption has declined
by 8% and the adjusted carbon emissions

by 36%. This development has not only

benefitted the competitiveness of Danish
enterprises through lower energy costs and
less exposure to highly volatile fossil fuel
prices, but also fostered new products and
industries. Green products and services are
defined as products which reduce pressure
on the environment, for example energy
saving products and the service of install-
ing renewable energy systems. In 2015
Denmark produced green products and
services for EUR 25.8 billion, half of which is
related to renewable energy and one sev-
enth to energy efficiency. The green sector
employs almost 67,000 people in Denmark.
As an example, the Danish wind energy
sector currently employs more than 31,000
workers? and the Danish export of wind
energy technology in 2015 accounted for
EUR 6.5 billion*. The total export of energy
technology accounted for more than 10%
of Denmark’s total exports of goods in 2015.
Green energy technology accounted for

almost 60% of that number.

1The Danish Wind Industry Association (DWIA)
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Declining energy consumption and carbon emissions

Total CO2 emissions related to energy
consumption in Denmark
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Setting the course

Denmark has a long tradition of active
energy policy, initiated as a reaction to

the first oil crisis in 1973. Over the years, a
broad consensus in the Danish Parliament
has been utilized to transition Denmark’s
energy system towards reduced energy
consumption, increased decentralized
energy production and increased utilization
of renewable energy sources. Consistent,
determined and long-term political objec-
tives have formed the foundation of the
low-carbon transition of the Danish energy

sector.

Scenarios

In 2007, the Danish Commission on Climate
Change Policy was formed to ensure a cost
efficient transition of a low carbon energy
future for Denmark. The Danish Energy
Agency supported the Commission’s work
through detailed scenario analyses, to
investigate both technical possibilities and
related costs for Danish society in reaching
the goal of a low carbon energy system by
2050. This analysis shows that it is possible
to cost-efficiently design different energy
systems which all meet the target of a low
carbon energy system by 2050. All scenar-
ios assume vast energy savings as part of
the strategy to reach a low carbon energy
system. A business as usual based scenario
was used as a reference, and the analysis
shows that both the wind and biomass
scenarios are within 10% of additional costs

compared to the fossil fuel based scenar-

io. A low carbon transition of the Danish
energy system not only requires further
improvement of energy efficiency and new
low carbon energy sources, but also further
energy cooperation with Denmark’s neigh-
boring countries to reduce costs and secure
stability and security of energy supply. Den-
mark fully supports the creation of the EU
Energy Union as a way to improve energy

security and reduce green transition costs.

To further secure a cost efficient low carbon
energy transition, the Danish government
has formed a new Energy Commission to
analyze the next step after reaching the
2020 target for energy efficiency, renewable
energy supply and greenhouse gas (GHG)

reduction.

Innovation and system
development

Research, development and demonstration
of new technologies and systems have
been critical elements in establishing a
Danish stronghold in the energy sector.
Public-private sector cooperation, coupled
with stable political and regulatory frame-
works, has fostered important innovation
and breakthroughs in energy concepts and
-systems. The foundation of the low-car-
bon transition has been threefold: energy
efficiency, renewable energy and system

integration including electrification.
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Energy efficiency

Energy efficiency is a vital element in the
green transition of the energy sector. With-
out extensive energy efficiency
improvements, it would have been dis-
proportionally expensive to meet energy
demands with new and initially more expen-
sive energy sources like renewable energy.
Successful energy efficiency deployment
enables meeting society’'s demand for
various energy services more efficiently

and effectively, so that energy consumption
is reduced. Results are achieved in part

by transitioning to more energy efficient
technologies and solutions, but also highly
dependent on increasing energy conscious-

ness and altering consumer behavior.

Denmark has achieved remarkable results
in energy efficiency performance for house-
holds, manufacturing and energy produc-
tion. For instance, energy consumption in
buildings has been reduced by 45% per
square meter since 1975. For the manufac-
turing sector, the energy intensity has been
reduced by more than 2% per annum the
last ten years. According to a study? the
gains in energy efficiency has improved
cost competitiveness in the Danish man-
ufacturing sector by 9%, due to oil price

increases over the last decade.

2 Danmarks Nationalbank Monetary Review, 2nd
Quarter, 2014, Energy efficiency and competitive-
ness

Energy use and intensity in the Danish manufacturing sector
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Support for energy efficiency measures

Potential remains for cost effective
energy efficiency improvements. These
exist in all sectors and areas of use.
Significant improvements on national
energy efficiency performance can be
achieved with products and techno-
logies that are already developed and
available as consumer solutions. Often,
it will be cost effective for consumers to
use existing solutions; however, energy
efficiency improvements do not come
about automatically. Active efforts are
needed to promote additional efficien-
cy improvements and savings. Danish
energy policy therefore contains a
number of initiatives to increase energy
efficiency improvements in order to
minimize energy use and energy waste

in all sectors.

In addition to more efficient energy
production, a number of initiatives have

been carried out to increase the

Renewable Energy

Despite almost no hydropower resources,
Denmark has managed to become a global
leader in renewable energy generation.
Renewable energy’s share of final energy
consumption in Denmark has been steadily
increasing since 1980. Today, almost 30%
of Denmark’s final energy consumption is

covered by renewable energy.

efficiency of end-user consumption,
that is, consumption by consumers and
enterprises. Danish environmental- and
energy taxes contribute to a better
reflection of the environmental costs of
production, use and disposal in consu-

mer prices on energy.

By formulating schemes in close dia-
logue with industry, knowledge about
challenges and possibilities are integra-

ted in the measures.
Initiatives include:

Energy labelling of buildings

Building codes focusing on energy
consumption

Electricity saving trusts

Energy labelling of appliances
Energy savings in the public sector
Energy efficiency obligation

schemes

Measuring electricity supply alone, re-
newable energy today accounts for well
above 50% of domestic generation, which
is mainly due to the incorporation of wind
energy in electricity production. Denmark
today has more than 5 GW of installed wind
energy capacity, of which almost 1.3 GW
are offshore wind turbines. On windy days,
wind turbines in Denmark produce more

than the domestic demand.

Changes in the Danish overall energy mix

have resulted in a substantial reduction
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of emissions from energy production. CO,
emissions from electricity production have
decreased by 60% in the period 1990 to
2015. Less than half the amount of CO, is
emitted when producing one unit of GDP
in 2015 compared to 1990 and per capita
emission has been reduced by more than
40%.

Reaping the full benefits of new renewable

energy technologies has caused radical

changes to the Danish energy system and
networks. Danish experience shows that
flexibility in conventional production in
combination with strong transmission and
distribution networks, and larger exchange
of power with neighboring countries in
order to increase balancing areas, are
important components in overcoming

challenges.

Renewable energy has contributed to a

Efficient and effective support for renewable energy

Promoting renewable energy requi-
res a favorable investment climate, a
developed power grid and long-term

planning.

High initial investment cost and lack

of fuel costs are the main differences
between wind or solar energy and
most conventional power sources.
Stimulating demand through financial
and market support has been a central
element in promoting the expansion of
renewable energy in Denmark. A positi-
ve investment climate has been created
with priority grid access and resource
based feed-in tariffs. Feed-in tariffs for
offshore wind are settled by tender and
feed-in premiums with a cap regulate

the support for onshore wind power.

Central and long-term planning has
ensured timely and relevant invest-

ments in the power grid and system.
Thus the grid and system have been

developed incrementally in order to

handle the steady increase in fluctua-
ting renewable energy production. Stra-
tegic planning of future grid investments
follows the current political energy
agreement with adopted measures and
policies toward the Danish govern-
ment's long-term goal of fself-reliance

on renewable energy.

Mapping available resources are funda-
mental in physical planning to estimate
production of potential sites. Ambitious
targets, long-term planning and strong
and stable political framework conditi-
ons have paved the way for significant
private investments by creating a posi-
tive and secure long-term investment
climate. The Danish Energy Agency fun-
ctions as a “one stop shop” for permits,
where all relevant information is gathe-
red. This makes necessary processes

more streamlined and effective.




sharp decline in carbon emissions, but also
enhanced the security of energy supply

by utilizing domestic energy resources like
wind, solar and biomass. Going forward,
further expansion of renewable energy
capacity and sources is an important
element in meeting the government's long-
term vision to make Denmark able to cover
its energy demand by renewable energy

generation and sources.

Analyses show that the costs of introducing
renewable energy in Denmark have been
relatively high initially. However, gradually
declining renewable energy costs and
gradually increasing prices for fossil fuels
have made renewable energy sources
increasingly competitive compared with
traditional energy sources. Today, onshore
wind is the cheapest power generation
technology when adding new capacity in
Denmark even excluding indirect costs for

conventional fossil fuel based generation

options. These costs are mainly related to
cost for negative effects of emissions such
as CO,, SO, and NO,. These emissions are
adding negative health, environment and

climate effects and consequently costs for

individual citizens and society as a whole.

It is worth mentioning that Danish energy
taxation and participation in the European
Emission Trading System (ETS) is meant
to correct some of these market imperfec-
tions making energy market participants
and investors aware of indirect generation
costs. Also it should be noted that emis-
sions levels per produced MWh is very low
in Denmark due to strict emissions and effi-
ciency standards (CO, per produced MWh).
The calculations also includes balancing
cost for fluctuating renewable energy
sources like wind and solar, which is on a
level of EUR 1-2 per MWh for the Danish

power system.

Share of RE in final
energy consumption
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How is Denmark integrating renewable energy
today and in the future?
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Synergies - energy system
integration and development

Focusing on broader interactions and sys-
tems, as opposed to individual components
and concepts, is an important aspect of the
Danish energy model. The Danish energy
model is characterized by a holistic view of
energy planning, with emphasis on integra-
tion of for instance heat and power produc-
tion, and establishing synergies between
taxation schemes and policy support frame-

works for renewable energy.

Furthermore, prudent interaction within the
power and heating sector, i.e. CHP produc-
tion, use of heating storage in the district
heating system and increased use of elec-
tricity for heating accompanied by increased
deployment of heating pumps and electrical
boilers, will further improve the efficiency in
the energy sector and mitigate the challeng-
es of integrating variable renewable energy
sources in the power system.

An effective integration and support for
renewable energy sources in Denmark com-
bined with a well-functioning open power
market in the region (NordPool) has ensured
that Danish power prices are not signifi-
cantly higher than other European coun-
tries, even including the cost of supporting
generation and integration of large amounts

of renewable energy.

Climate change - setting and
achieving ambitious targets

The future foundation for Danish energy
policy is based on broadly supported politi-
cal agreements, with the

Energy Agreement of 2012 as the most
important element for the further transition
toward 2020.

The Danish Government has established
the long-term goal of making Denmark
self-reliance on renewable energy in 2050,
meaning that the entire energy demand

— electricity, heating, industry and transpor-
tation — is to be met by renewable energy
generation by 2050. Already in 2030 the
Danish government is aiming at that 50% of
the Danish gross energy consumption is to
be supplied by renewable energy genera-
tion.

The Energy Agreement is the roadmap for
development of energy supply and demand
for the period 2012-2020. This agreement
contains a wide range of ambitious initia-
tives, bringing Denmark a good step closer
to the target of a renewable energy supply
that matches the energy demand. Through
expanded offshore wind production and
use of biomass, renewables are expected
to cover more than 70% of Danish electric-
ity production by 2020. The Energy Agree-
ment and current results and projections
shows that Denmark will more than fulfills
its obligations toward the EU 2020 targets
within energy efficiency, renewable energy
and reduction of carbon emissions (20-20-

20 targets).
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Combining heat and power production

Fuel for District Heating
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Industrial power prices
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Strong international ties and
cooperation

A significant amount of Danish energy
system innovation has been developed in
close public and private cooperation with
other countries, institutions and corpora-
tions. This cooperation includes European
and other developed countries, as well

as rapidly emerging economies from all
continents. Using these lessons and expe-
riences, Denmark is trying to stimulate and

inspire low-carbon growth globally.

Denmark’s energy related GHG emissions
only account for about 0.1% of global
emissions. Consequently Danish climate
and energy policies do not alter the global
carbon footprint and the threats from

climate change, which in the coming

decades will mainly be boosted by rapidly
emerging economies. Through Denmark’s
government-to-government cooperation
with a group of leading growth economies,
elements of the Danish Energy Model can
affect up to 2 billion energy consumers,
accounting for one third of the global GHG
emissions. All of these economies do have
initial significant high energy intensity than
Denmark. Getting down toward the Danish
levels would have a profound impact of
global GHG emissions and reduce the risk

of global warming.

A tangible example of this is sectorial

cooperation with the Government of China
on integrating large amounts of renewable
energy into their power system and conse-

quently reducing China'’s rapidly growing

14



GHG emissions. Other partner countries
currently include Mexico, South Africa and
Vietnam, and the list is expanding. The
scope of cooperation is broad, covering
energy efficiency, renewable energy and
energy system development as well as
climate finance.

Through the power of example, Denmark
has demonstrated that energy consump-
tion and carbon emissions can be radi-
cally improved in a short timeframe while
maintaining a sound and resilient economy.
An important part of the Danish effort to
mitigate climate change will be stepping up

international cooperation in coming years.

Public engagement and
acceptance

Energy policy is well rooted in the everyday
lives of Danish citizens, with significant
public engagement in all aspects of the
low-carbon transition. From energy efficien-
cy measures and campaigns for house-
holds and residential buildings, ownership
in renewable energy assets (roof-mounted
solar panels, community owned wind
farms, etc.) support for low-carbon trans-
portation (public transportation, bicycle
commuting, etc.), energy conservation and
transition to low carbon options are a part

of everyday life for the citizens of Denmark.

The general public support for the energy
sector transition, including costs and other
impacts, is an important part of the broad
political consensus towards the huge
changes taking place in the Danish energy
sector these years, to tackle climate change
and move towards more sustainable and

sound economic growth.

Danish Energy Agency, Tel: +45 3392 6700, website: www.ens.dk/en | 15



The Danish Energy Agency's Centre for
Global Cooperation supports emerging
economies to combine sustainable future
energy supplies with economic growth. The
initiative is based on four decades of Danish
experience with renewable energy and
energy efficiency, transforming the energy
sectors to deploy increasingly more low-
carbon technologies.

Learn more on our website:
www.ens.dk/en/our-responsibilities/
global-cooperation

For further information, please contact

Henrik Breum
hebr@ens.dk
Phone: +45 3392 7812
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