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A renewable future

The world is standing at a
crossroads: we can choose to
continue emitting increas-
ing quantities of greenhouse
gases, with major climate
changes as a consequence,

or we can choose to take up
the challenge and work for a
renewable future. At IDA and
in the international engineer-
ing project, Future Climate

- Engineering Solution, we choose the challenge. We
believe in a renewable future where consideration
for the globe's climate goes hand in hand with growth
and abundance.

Creating arenewable future requires knowledge and
action. The IDA Climate Plan 2050, which is based on
the expert knowledge and insight of engineers and
other specialist groups, shows that Denmark can re-
duce its greenhouse gas emissions by 90 % by 2050.
Denmark must achieve reductions of this magnitude
in order to show real co-responsibility towards an in-
crease in mean global temperature of no more than 2
degrees Celsius. The IDA Climate Plan 2050 draws at-
tention to the technologies that are to be developed
and the means that are to be implemented in order to
be able to meet the 2-degree target.

Not onlyis it beneficial to the climate to implement,
but it will also pay for itself in terms of security
policy, commercially and economically: Denmark will
be able to avoid becoming dependent on oil and gas
imports from the Middle East and Russia. It will be
possible to multiply the export of Danish energy tech-
nologies, and The IDA Climate Plan 2050 is a particu-
larly good socioeconomic operation.

Avoiding climate changes is something we cannot do,
however. Now is the time for us to consider the meas-
ures that will be initiated and prioritised when the
climate changes affect us.

IDA recommends that the government and all Parlia-
mentary parties work towards implementing the in-
centives and means that are described in The IDA Cli-
mate Plan 2050. We also call upon all parties to work
towards achieving as ambitious a climate agreement
as possible under the auspices of the UN. Ultimately,
the political will and society’s ability to act that are
the crucial factors for a renewable future.

The IDA Climate Plan 2050 is also based on the IDA
Energy Plan 2030 and the IDA Green Future sustain-
ability report, and based on contributions and inputs
from hundreds of engineers and other specialists.
More than 15 conferences and seminars have been
held in connection with the work, and IDA’s special-
ist companies have constituted the backbone of this
work.

Iwould like to extend a big thank you to all those who
have made specialist contributions towards and of-
fered work capacity for The IDA Climate Plan 2050.
The plan represents an impressive breadth of exper-
tise, and I hope it can constitute a valuable contribu-
tion to the discussion on how we are going to solve
one of the biggest challenges of the 21st Century.

Lars Bytoft
President

The Danish Society of Engineers, IDA
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Many good forces behind
the IDA Climate Plan 2050

The IDA Climate Plan 2050 builds on IDA Energy Plan
2030 and the IDA sustainability report “Green Future

- Steps towards a Sustainable Development”, and the
overall work is based on the work of six theme groups
that originate from IDA's specialist companies. During
the process, a number of seminars, conferences and
workshops have been held at which individual sectors,
technologies, etc. have been presented and discussed.
The results of the individual themes have been proc-
essed by the project's coordination group that has collat-
ed the many threads and has drawn up The IDA Climate
Plan 2050 in cooperation with IDA's administration.

The coordination group for the Climate Plan 2050

Hans Jgrgen Brodersen (the Society for Technology
Analysis and Assessment, STAV), Kurt Emil Eriksen
(IDA-BYG, the Society for Construction and Instal-
lation Techniques), Lars Bennedsen (IDA Environ-
ment), Ane Mollerup (the Society for Risk Assess-
ment, RISK), Michael Sggaard Jgrgensen (the Society
for Green Technology, SGT), Jakob Christensen (the
Society for Rail Transport, JETRA) and Leif Amby
(the Mors-Thy Department). IDA Energy, the Danish
Maritime Society, the Society for Planning, Roads &
Traffic, The E-Group, IDA Process, IDA Production
and Logistics and the Danish Society for Materi-

als Testing and Research (DSM), Energy Technical
Group, IDA North have also participated in the work.

A special thank you must go to Ida Fabricius (DTU),
Hans Otto Kristensen (DTU), Nanna Hggh Nielsen (PH-
Consult), Jens Jgrgen Linde (PH-Consult), Ole Fritz
Adeler (Kriiger), Lars Klinge (Comxnet), Thea Drachen,
Sgren Gabriel (Orbicon), Per Alex Sgrensen (Planen-
ergi A/S), Per Nielsen (EMD), Nicolai Kipp (Energinet.
dk), Jens Peter Kofoed (AAU), Peter Ahm (PA energy),
Flemming Vejby Kristensen (Energimidt), John Bggild
Hansen (Haldor Topsoe), Mogens Mogensen (Risg/DTU),
Anders Dyrelund (Rambgll), Mogens Nielsen (Danish
District Heating Association), Jan Don Hggh (Kgben-
havns Energi), Jesper Magtengaard (Dong Energy),
Jan Erik Nielsen (PlanEnergi), Jonas Mills (Danish
Construction), Helge Bach Christensen (IDA Energy),
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Jacob Sgrensen, Eskil Thuesen, Ingeborg Callesen (The
Society for Green Technology), Anette Christiansen
(The Agricultural Council of Denmark), Torben Chrintz
(NIRAS), Thorfinn Deleuran (the Society for Green
Technology), Rikke Fog-Mills (DTU), Philip Gigdesen
Lund (DTU), Irene Nicolajsen (The Agricultural Council
of Denmark), Michael Tersbgl (The Danish Association
for Organic Agriculture), Kaj Jgrgensen (Risg/DTU), Pe-
ter Buchwald (DSB), Henrik Kragerup (NNE Pharmap-
lan), Gorm Simonsen, Peter Brgnd (IDA Production and
Logistics), Bente Hessellund Andersen (NOAH), Thomas
Feergeman (Concito), Gilli Trond (Bitland Enterprise)
and Jens Astrup Madsen (The Agricultural Council of
Denmark). None of these people are held responsible for
the content and conclusions of the reports, howeve

Climate Plan 2050 was first presented at a conference
on the 11th May 2009, after which there was a 10 day
hearing period where all interested parties could
submit their comments to the coordination group.
The group discussed the 17 hearing statements re-
ceived and these statements were considered in dif-
ferent ways in the report.

The energy system calculations were undertaken by
Assistent professor, PhD Brian Vad Mathiesen, Aalborg
University, Professor Henrik Lund, Aalborg University
and Senior Researcher Kenneth Karlsson, DTU/Risg.

The overall responsibility for the Future Climate -
Engineering Solutions project has been placed in the
hands of IDA’s Steering Group for Environment, Energy
and Climate, consisting of Helle Herk-Hansen, Charles
Nielsen, Vilhjalmur Nielsen and the undersigned.

Iwould like to take this opportunity to thank eve-
ryone for their invaluable contributions and inputs.
Without you there would be no Climate Plan 2050.
Have a good read!

Sgren Skibstrup Eriksen

Chairman of IDA's Steering Group for Environment,
Energy and Climate



Introduction

The IDA Climate Plan 2050 is a holistic message on
the way in which the Danish climate gas emissions
can be reduced by 90 % by 2050 while also improving
Denmark's self-sufficiency, economy and developing
Danish trade and industry.

The report also contains a number of recommenda-
tions on Danish climate policy. The recommendations
are key to ensuring that Denmark’s greenhouse gas
emissions are reduced to a sustainable level and to
enabling Denmark to counteract as efficiently and
economically as possible the climate changes that
have already become a reality.

The reportisdivided into six chapters that deal

with the following sector areas: energy systems and
energy production, agriculture, trade and industry,
construction, transport and climate adaptation. The
individual chapters describe opportunities and chal-
lenges by reducing greenhouse gas emissions in the
related sectors, the Climate Plan's sector-specific
targets and present arguments for these, as well as
describing the concrete measures that are necessary
torealise the plan.

The reportis accompanied by a background report
containing analyses of technical energy systems and
socioeconomic impact analyses. The material also
includes a professional report describing the energy-
saving potential in industry, and the overall materi-
als finally include 4 professional memoranda and an
IDA analysis. Together, the reports and memoranda
constitute The IDA Climate Plan 2050.

2-degree target

The IDA Climate Plan 2050 is a part of the Future
Climate - Engineering Solutions project in which 13
engineering organisations worldwide are working
together to offer national solutions for the way in
which greenhouse gas emissions can be reduced so
that the global mean temperature rises by no more
than 2 degrees Celsius.

IPCC's Fourth Assessment Report from 2007 shows
thatif the temperature rises by no more than 2-2.4
degrees Celsius, the total concentration of green-
house gases in the atmosphere will be kept between
445 and 490 ppm (CO; equivalents). As the concentra-
tion of greenhouse gases in the atmosphere reached
445 ppm (CO; equivalents) already in 2005, IPCC has
estimated that greenhouse gas emissions must cul-
minate as soon as possible and no later than 2015,
and that greenhouse gas emissions must be reduced
by 50-85 % by 2050 compared with the year 2000.

At IDA, we take it for granted that we, the inhabit-
ants of the well-to-do OECD countries, cannot in the
long-run sustain greater greenhouse gas emissions
perinhabitant than inhabitants of other parts of

the world. Since Denmark’s greenhouse gas emis-
sions are approximately double those of the average
world citizen, this means that we as a country must
undertake a substantial reduction commitment. The
IDA Climate Plan 2050 has therefore aimed to show
thatitis technologically and economically possible
toreduce greenhouse gases emissions in Denmark by
90 %. This corresponds to each Dane contributing no
more than around 1.3 tonnes CO; equivalents by 2050.

Such a drastic reduction in the emission of climate
gases will be of substantial significance to the way

in which we organise Danish society and in particu-
lar the Danish energy system. This objective cannot
therefore stand alone, and the following objectives
have constituted the framework for the development
of The IDA Climate Plan 2050:

= Toreduce greenhouse gas emissions by 90 % by
2050.

* Tomaintain Denmark’s energy self-sufficiency.

= Todevelop Denmark’'s commercial position in the
climate and energy field.

= Todevelopthe Danish economy and affluence.
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A 40 year perspective

IDA's Climate Plan 2050 works with a perspective of
40years. Working on scenarios with such a long-term
perspective involves arange of uncertainties that
must be considered.

One central area in the climate plan concerns the
maturity and development of technologies. Based on
the knowledge of technical possibilities, actual pro-
duction plans and the costs of development, experts
have given professional advice on how a great extent
of different technologies can be expected to contrib-
ute to reducing greenhouse gases. For time perspec-
tives of 10 to 15 years, this evaluation is performed
on a relatively well-known basis, however for longer
time perspectives there is the potential for quite ma-
jor changes. For example, many energy systems have
lifetimes that are considerably shorter than 40 years
and in addition innovative breakthroughs within
materials and CCS technologies will have an impact
on actual development.

With regards to the 40-year time perspective, this
room for change means that there is the potential

for great changes if we are prepared for them. On the
other hand, it should be noted that IDA's Climate Plan
20501is the engineers’ best proposal (with our current
knowledge) of Denmark’s climate future, a future in
which workplaces, energy savings and reductions in
greenhouse gas emissions work together in the most
socially optimal way. An important goal in the work
has therefore been to demonstrate that thereisa
technological and financial way forward that is dif-
ferent to the one that Denmark is currently following.

IDA's Climate Plan 2050 works with scenarios for the
years 2015, 2030 and 2050. The scenarios are com-
pared with the reference from the Danish Energy
Agency. The most significant difference between

the reference years and IDA's Climate Plan 2050 are
the major constructions costs in the climate plan
compared with the reference’s major fuel costs. The
comparison is therefore sensitive to both changes in
fuel prices and changes in interest and investment
requirements. A sensitivity analysis is therefore per-
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formed in which the construction system costs have
beenraised by 50 percent as well as a calculation
with a socio-economic real interest rate of 6 percent
rather than 3 percent. The results of the sensitivity
analyses are evident from the Background Report

to IDA’'s Climate Plan 2050, from which it can be seen
that IDA 2015 and IDA 2030 have the lowest socio-
economic costs under these conditions. It should
however be noted that this applies to the entire pack-
age.In the event that the interest rate or investment
scope is changed, several of the individual measures
will be socio-economically negative.

A national plan seen in an
international perspective

IDA’'s Climate Plan 2050 has a national basis both in the
work to establish future energy scenarios and where
means are proposed. This is due to several factors.

Inrelation to the work on scenarios for the future

of Denmark’s energy and emission, it must be em-
phasized that although the analyses occur within a
closed energy system without trade, this does not
mean electricity will not be traded in the future.
This has only been performed with a view to the fact
that the energy systems in the climate plan are not
obliged to export or close down wind turbines etc.

in certain situations. Any changesin the capacity of
electricity trading will not be crucial to the compari-
son. The major significant difference between the
reference years and IDA’s Climate Plan 2050 is char-
acterized by the fact the climate plan contains major
construction costs, whilst the reference has major
fuel costs. The comparison is therefore particularly
sensitive to both changesin fuel prices and changes
ininterest and investment requirements.

There are also other areasin the climate plan that
have a significant international dimension, for ex-
ample biomass. A 100 percent renewable energy sys-
tem has been constructed in IDA’'s Climate Plan that
can potentially be maintained on national biomass



resources. There isno goal in the climate plan to pre-
vent a trade in biomass. However on a national basis,
IDA's Climate Plan gives the opportunity for Denmark
to be independent from importing biomass when we
have insufficient fossil resources remaining in the
North Sea.

EUreqgulation plays a significant role in all the sec-
tors that are covered by the climate plan: agricul-
ture, transport, energy etc. Nevertheless, analysis
and recommendations relating to EU regulation and
support schemes are not included in IDA’s Climate
Plan 2050. This does not suggest that they are not rel-
evant butis an expression of limitations when work-
ing on the climate plan.
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Summary

The IDA Climate Plan 2050 describes the way in which
Denmark can reduce its greenhouse gas emissions
by 90 %, including energysupply, agriculture and
industryin the first half of the 21st Century. IDA's Cli-
mate Plan 2050 is a scenario in which Denmark takes
a marked step away from fossil fuel based energy to
100 percent renewable energy. This requires a range
of changes not only in the energy system but also

in buildings, in transport routes, eating habits and
within research and development and not least with-
inindustry. The planis a simultaneous description
of the way in which investments in technology and
infrastructure can develop Denmark into a modern
society based on renewable energy sources and ef-
ficient utilisation of all available resources. A society
in which growth in trade and welfare can take place
by interacting with a sustainable environment.

Climate gas emissions in CO,-eq.

Mio. ton CO2-eq.
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Figure 1: Denmark’s greenhouse gas emissions - The
Danish Energy Agency's reference and The IDA Climate
Plan 2050

Over the past 20 years, Denmark has experienced
relatively stable greenhouse gas emissions. The

IDA Climate Plan 2050 wants to speed up the Danish
reductions (= seelfiqure 1). This is absolutely neces-
sary if we want to take a fair share of the reductions
that need to take place on a global scale. There are
also major economic, security policy and commercial
advantages to be gained from implementing The IDA
Climate Plan 2050.

Socioeconomic calculations show that a reorganisa-
tion of the energy supply will lead to savings of DKK
9 billion as early as 2015 (= see figure 2). The savings
will rise up until 2050 so that they amount to DKK 25
billion per year. It must be emphasised that there is
considerable uncertainty surrounding the calcula-
tions for both 2030 and 2050.

In commercial terms, major advantages will be
gained from implementing The IDA Climate Plan
2050. Efficient and renewable energy technologies
are Denmark’s fastest growing export goods, and the
realisation of The IDA Climate Plan 2050 and its asso-
ciated recommendations may create potential for an
increase in the export of energy technologies.

INVESTMENTS IN A SUSTAINABLE FUTURE

The IDA Climate Plan 2050 is based on a strategy
whereby Denmark makes ambitious investments in
developing the Danish energy and infrastructure,
andin the longer term enjoys the benefits of the in-
vestment. The starting pointis that it will become
more and more expensive to reduce greenhouse gas
emissions for each year that passes before Denmark
seriously beginsits investments and introduces the
necessary measures. Postponing the necessary re-
organisation will at the same time reduce Denmark's
opportunities as a commercially pioneering country.
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Socio-economic costs
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Figure 2: Socioeconomic expenses for the Danish Energy Agency’s projections and for The IDA Climate Plan 2050

IDA's Climate Plan 2050 sets the scene for a range of
major investments within all sectors. The socio-eco-
nomic calculations that are performed in connection
with the climate plan indicate that it will be worth-
while for Denmark to invest in such investments.
However this type of calculations naturally includes
arange of uncertainties relating to energy prices,
general economic development etc.

A 100 % RENEWABLE ENERGY SYSTEM

Wind turbines and biomass constitute the backbone
of The IDA Climate Plan 2050 that is based solely upon
renewable energy. In 2050, Danish greenhouse gas
emissions will originate largely from agricultural
production and the emissions that are linked with
the Danish people’s food consumption.

In The IDA Climate Plan 2050, 60-65 % of the electric-
ity production is based on wind power. The majority
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of the combined heat and power production is based
on biomass and waste and thus constitutes the sta-
bilising element of an otherwise fluctuating energy
production. The remaining electricity and combined
heat and power production are based on solar cells,
wave power, geothermics and solar heat.

Such a comprehensive development of renewable
energy sources requires the initiation of a number
of consecutive initiatives. It will be necessary to
increase research and development within the criti-
cal technologies. It is particularly important to also
provide necessary opportunities to test and demon-
strate the technologies and to establish innovation
markets and feed-in tariffs that can support a market
characteristic following the new technologies. In the
windmill area, it is also important to draw up a long-
term development plan for off-shore and on-shore
wind turbines as soon as possible.



Primary energy consumption in IDA 2015, 2030 and 2050, PJ
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Figure 3: The energy composition in the Danish Energy Agency’s projections and in The IDA Climate Plan 2050

respectively

AN EFFICIENT AND FLEXIBLE
ENERGY SYSTEM

The many renewable energy sources set substan-
tial requirements for a flexible and efficient energy
system whereby the energy consumption can vary
and can change smoothly between electricity and
heat production. Key factors of the plan are fuel cell-
based combined heat and power plants, heat pumps
and batteries in electric cars that support the stor-
age of energy and alternating electricity and heat
production. After 2030 there will also be a need for
electrolysis plants. New research, development and
demonstration projects within these technologies
and the interplay between them will be crucial to the
development of the system.

In order to ensure flexible energy consumption,
simultaneous development of communication and
reconciliation systems should take place, enabling
the energy consumers to gain access to constantly
varying electricity and heating prices. This will be
the first step towards all consumer products and en-
ergy meters being fitted with inbuilt units that can be
set to automatically turn on and off according to the
price level.

Continued development and expansion of district
heating are absolutely crucial to the ability to increase
the efficiency of the energy system. The plan looks at
70 % of all houses being covered by district heating
and areorganisation of district heating thatisrunata
low temperature. A condition for this is that both na-
tional and local strategic heating plans are developed.
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ENERGY SAVINGS AND EFFICIENCY
IMPROVEMENTS ARE KEY

The IDA Climate Plan 2050 emphasises cost-effective
solutions, which mean that energy streamlining and
more efficient utilisation of nature’s resources con-
stitute a cornerstone of the plan. Allin all, the plan
looks at the Danish energy consumption being re-
duced to 707 PJ by 2015, to around 556 PJ by 2030 and
to around 442 PJ by 2050.

Trade and industry currently represent approximate-
ly 1/3 of Denmark’s total energy consumption, and this
is where the most profitable energy savings are to be
found. The plan looks at implementing all energy-sav-
ing schemes in trade and industry with a repayment
period up to 7,5 years. This means that trade and in-
dustry’'s energy consumption can be reduced by more
than B by 2015, something thatislinked with substan-
tial business and socioeconomic gains.

The technologies to implement the energy saving
measures are currently in place. The challenge is to
speed up industry. IDA recommends that an energy-
saving fund be used to offer advice and significant
grants for investments in energy-optimised process
technology. Public requirements will also be neces-
sary, stating that businesses must optimise their
energy consumption by using the latest technology in
both operations and new plants.

HOMES WITH A MINIMUM ENERGY CONSUMP-
TION AND RENEWABLE ENERGY SUPPLY

The IDA Climate Plan 2050 also looks at the energy
consumption in buildings and homes being markedly
reduced in the forthcoming years, and at making the
mass housing CO; neutral through a combination of
energy savings, the integration of renewable energy
and the development of district heating based on
renewable energy. The energy consumption in build-
ings and homes currently constitutes more than 40 %
of the total Danish energy consumption.

14 | THE IDA CLIMATE PLAN 2050

Denmark currently has the world's most stringent
energy requirements for buildings, but it will still be
necessary to sharpen those requirements. The first
houses that do not use energy have already been
erected, and itisrecommended that requirements be
introduced at this early stage into the building requ-
lations stating that houses erected after 2020 must
be erected in accordance with the Zero Emission
Housing standard.

However, the greatest savings potential is in the ex-
isting mass housing, and even by 2050, the majority
of the mass housing will consist of homes that were
erected before 2009. The Climate Plan looks at a sub-
stantial reduction in energy consumption through
continuous renovation up to 2020 and at bringing

75 % of the poorest insulated structures up to the
current building regulation requirements. In 2030
the energy consumption in buildings will be halved
compared to the present level due to futher reduc-
tions.

Many energy savings are privately financially profit-
able and in order to support renovation of private
buildings it will be necessary to prepare a long-term
plan for increasing energy efficiency and for state
funds to be earmarked that will speed up energy
savings in private residences and in non-profit resi-
dential buildings. It is essential to discuss which
financial initiatives will be implemented and to con-
sider whether funds from the National Building Fund
should be used within the non-profit sector.

Itis at the same time necessary to fortify research
and development in new energy saving materials
and to further improve directions and guidelines for
workmen and private persons, and to establish over-
all better information in the field.

In combination with more leading edge buildings,
these initiatives can simultaneously give Danish en-
gineers, architects, construction businesses and en-
ergy technologies good opportunities to come to the
forefront of the international construction materials
market.



REDUCTIONS IN TRANSPORTATION EMISSIONS
WILL NOT HAPPEN OF THEIR OWN ACCORD

Significant reduction in transportation emissions vil
demand, that electricity becomes the general energy
source for transportation. In practice this means
more rail and electric cars.

Transportation is the sector in which the leastis cur-
rently being done to reduce greenhouse gas emissions.
Transportation represents around one quarter of the
Danish greenhouse gas emissions and, at a time when
emission reductions are absolutely necessary to keep
Denmark on the trail of a non-fossil-based economy, the
emissions from transportation are still on the increase.

A significant reduction in transportation climate
emissions therefore means that all known tools and
technologies must be brought into play. This includes
reducing the climate emissions from individual forms
of transport, changing the transportation work over
to the forms of transport that have the least impact on
the climate, and planning and urban densification that
canreduce the transportation work as such.

For example, the Climate Plan looks at a comprehen-
sive replacement of the Danish vehicle fleet with
electric cars up towards 2050. This should be done in
parallel with developmentsin the electricity sector
with the expansion of wind turbines.

The Climate Plan 2050 sets the stage for a significant
expansion of the rail network, electrification of this
and a changeover to private and goods transporta-
tion largely by rail. This requires significant invest-
mentsin the railways as well as a number of initia-
tives that make the rail both temporal and economi-
cally competitive.

CLIMATE-OPTIMISED PRODUCTION AND
CONSUMPTION OF FOODS AND BIOMASS

There are good opportunities to reduce the impact

on the climate from Danish production and consump-
tion of foods. Climate Plan 2050 looks at reducing CO;
emissions from agriculture and food production by 9,5

mil. tons by 2050 through climate optimisation of ag-
ricultural production, a change in dietary habits with

a trend towards lower consumption of dairy and meat
products and greater consumption of vegetables and
fish, and halving the food waste in households. In addi-
tion to this comes a further reduction as a consequence
of energy savingsin line with other production sectors.

The plan also discusses the idea of agriculture being
able to supply steadily increasing quantities of bio-
mass for energy production, among other things by
using perennial energy crops and, in the long term,
also greater production of biomass-based materials
that can be substituted for materials based on fossil
energy resources or materials that are very energy-
demanding to produce. At the same time the produc-
tion of marine biomassin the form of algae for both
energy and production of substances and materials
should be established.

It is thought that Danish agriculture and the sea
around Denmark will be able to supply all of the nec-
essary biomass resources so that there is no need

to import further biomass. It says that all biomass
initiatives must be environmentally assessed from a
global lifecycle perspective to ensure that they help
toreduce the impact on the climate.

COMMERCIAL POTENTIALS

Implementation of IDA’s Climate Plan 2050 will re-
quire arange of major investments and will be built
on competences and production in Danish business-
es. It should be emphasized that this type of quan-
tification is naturally subject to great uncertainty
and the calculation should be considered to be an
estimate. However systematic input into the climate
plan's technologies will significantly increase the
potentials for exportl. This input will occur through
investments.

1. Whencalculating commercial potentials the same method
asin the IDA Energy Plan 2030 is applied.
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Business potential
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Figure 4: Buiness potential
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This relates to total investments in climate related
technologies of a total 350 billion kroner until the
year 2030. The investments are split between build-
ing improvements, the district heating network,
cars, biofuel power plants and energy savings?. In ad-
dition to these investments, the IDA Climate Plan in-
cludes investments in a range of supply technologies,
e.g. solar thermal systems, additional window power,
wave power, solar cells, heat pumps and fuel cells. In
all cases thisis a question of extra investments com-
pared with the reference. The commercial potentials
for IDA's Climate Plan 2050 are illustrated in Figure 4.
As can be seen, the IDA Climate Plan is estimated to
create the potential for an export of energy technol-
ogy, which will increase from the current DKK 64 bil-
lion in 2008 to over DKK 200 billion /year by 2030.

EFFECTS ON EMPLOYMENT

Implementation of the IDA Climate Plan 2050 must
entail the redistribution of costs for energy from

the purchase of fossil fuels to capital investments
without Danish society being subject to extra energy
costs. Everything else being equal, this will lead to
increased Danish employment whilst simultaneously
improving the balance of payment. This effect will be
further increased if the plan is implemented in such
away that the above-mentioned commercial poten-
tials are realized in the form of increased export.

The basis for the calculation of effect on employment
isthe break down in annual costs for IDA's Climate
Plan 2050 compared with the reference. The differ-
ence in costs can be divided into investments and op-
eration. IDA's Climate Plan 2050 phases out the costs
for purchasing fossil fuels whilst these are increased
in the reference. Inreturn the costs for biofuels as
well as operation and maintenance are increased in
the climate plan more than in the reference. The ex-
tra employment in Denmark upon implementation of
IDA’s Climate Plan 2050 compared with the reference
is estimated to be approximately 30-40,000 jobs. In

2. Seedetailsondivisionin the Background Report.



addition to this, up to 200,000 jobs will arise depend-
ing on the extent that exportisincreased, i.e. to how
great an extent commercial potential is realized.

CLIMATE ADAPTATION
- ANECESSARY INPUT AREA

The IDA Climate Plan 2050 contains not only a plan
and recommendations on how greenhouse gas emis-
sions can be reduced, but also the climate adapta-
tions that we certainly need to initiate.

In Denmark over the next 20 years, we can continu-
ously expect longer dry periods, heavier and extreme
downpours, more powerful storms and, to a certain
extent, a higher water level. This development will
continue for the next Century, irrespective of wheth-
er or not there is successful reduction in greenhouse
gas emissions.

Itis thought that the greatest challenges for Den-
mark are to putin place the administrative frame-
works for a climate adaptation input. The technical
tools are available, but there is lack of clarity sur-
rounding the delegation of responsibility between
citizen, municipality and government. Denmark

does have a climate adaptation strategy, but it is not
thought that it will make Denmark sufficiently robust
in the face of future climate changes.
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9 key recommendations

The following nine recommendations are key to be-
ing able to realise The IDA Climate Plan 2050, and
said measures are necessary if Denmark's green-
house gas emissions are to be reduced to a sustain-
able level.

The recommendations express an offensive strategy
where society uses substantial investments to read-
just and future assure the Danish energy and infra-
structure. The plan is based on a number of different
tools with emphasis on tightened requirements, in-
novation and market development plus knowledge
accumulation.

The benefit to be gained is a society that uses fewer
energy expenses, thatisnot dependent upon imports
from unstable regimes and that will function as a
commercial development laboratory for new and ef-
ficient technologies.

1. NATIONAL ENERGY-SAVING AGREEMENT

Energy savings and energy streamlining are the
most efficient ways of reducing greenhouse gas emis-
sions. Substantial socioeconomic savings are linked
with the implementation of energy savings, and
there is great potential for growth in employment
and trade.

Itisrecommended that the Danish Parliament’s par-
ties enter into a national energy-saving agreement
stating that the Danish energy consumption should
be reduced by 2 % each year up until 2030. The agree-
ment should cover all energy-consuming sectors and
be continuously monitored.

2. ESTABLISHMENT OF A COORDINATED
ENERGY-SAVING TRUST

The key word for the Danish energy conservation
effortis coordination. The coordination could take
place from a new foundation. This trust should take
over the commitments and the funds that have been
in the Danish Electricity Saving Trust thus far and

the energy companies’' energy-saving contribution.
It must be ensured that knowledge and experiences
from the good work of previous years is not lost
through amalgamation. The aim is a coordinated and
cost-effective energy savings input in all sectors

Itisrecommended that an energy-saving trust be
established with the objective of promoting elec-
tricity and heat savings in households, public areas
and trade and industry by means of information,
advice and grants. The trust should have a budget of
DKK 1.55 billion. The money will be distributed with
around DKK 750 million for energy savings in house-
holds and in the public domain, and around DKK 800
million for energy savings in industry.

A trust of this size will simultaneously be able to give
the strong Danish commercial position within energy
saving technology a much needed lift by creating a
substantial and technologically advanced demand
for energy-efficient solutions on the Danish domestic
market.

3. INNOVATION MARKETS AND FEED-IN
TARIFFS TO PROMOTE RENEWABLE ENERGY

A market should be developed to support develop-
ment and expansion using renewable energy tech-
nologies. Denmark occupies a leading position within
renewable energy technologies, and if this position
is to be maintained and expanded, an advanced do-
mestic market that demands new and more efficient
technologiesis required.

In order for renewable energy to be able to achieve

a dominant position in the Danish energy system,
there should be feed-in tariffs for on-shore wind tur-
bines that are at the same level as the tariffs for off-
shore mills. This will ensure that investment in wind
power isundertaken where it can best pay for itself.
The feed-in tariffs can be scaled down over time

to pressurise the producers into being innovative
along the lines of the procedure in the current Ger-
man legislation in that area. Where compensation is
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concerned, wind turbines are comparable with other
plant, which means that the current depreciation
scheme where neighbours can apply for compensa-
tion when a windmill is erected should cease.

The development of biogas should be supported by
feed-in tariffs on equal terms with wind turbines.

A development plan should be drawn up for off-shore
wind turbines whereby suitable areas are pointed
out and invitations to tender are planned and imple-
mented. It should also be ensured that off-shore plant
tendered are directed to ensure that a certain share
of the financing will come from a mixture of the mu-
nicipalities, the electricity distribution companies,
consumers, etc. in the neighbouring land areas. It
could be 20 % for a big plant, for example.

Wave energy has the potential to contribute to the
Danish energy supply, but this requires a special
input. An innovation market should therefore be es-
tablished for wave energy, where in the first instance
a quota of 20 MW is offered with a fixed settlement
price.

Futher more a national heating plan should be de-
vised, thatincludes the implementation of renewable
energy in the heat supply, either directly in buildings
or in the district heating system.

4. INNOVATION BASED ON RESEARCH,
DEVELOPMENT AND DEMONSTRATION

Research into and development of new technologies
constitute the foundations of a radically changed
energy system and are crucial to the possibility of
developing new strong Danish commercial positions
in the energy field. It is equally important to ensure
that means are available to carry out full-scale dem-
onstrations of the new technologies when the tech-
nologies are to be brought from the laboratory out
onto the commercial market.

Since the expenses for a demonstration plantin
particular add to the costs, the funds for research

20 | THE IDA CLIMATE PLAN 2050

into and the development and demonstration of ef-
ficient and renewable energy technologies should be
increased to DKK 4 billion a year in 2020. The decision
to allocate DKK 1 billion to the area in 2010 is right
and should be followed up with increased funds in
the subsequent decade.

The funds must be used to develop a palette of re-
newable and efficient energy technologies within ar-
eas such as intelligent control, biofuels, wind, waves,
solar cells, fuel cells, construction materials, process
technology, storage technologies for electricity, the
integration of electric cars onto the road network,
low temperature district heating, etc.

5.INFRASTRUCTURE REORGANISATION

The streamlining of road transportation and the
reorganisation of sections of road traffic into public
transport, bicycles and walking are important to re-
duce transportation’s energy consumption and CO;
emissions. A number of tools should become valid as
soon as possible. Some of the car taxes should be con-
verted from fixed to consumption-dependent taxes
at this present stage. In this connection, we can start
by converting vehicle excise duty into a kilometre
charge. Aroad pricing system should be developed
and implemented as soon as possible and large cities
should have the option of charging tolls.

There should be arequirement for all major infra-
structure plans, as well as all municipal plans, to
include considerations regarding the consequences
of the plans for transportation and the latter's en-
ergy consumption. Municipal plans should support
urban densification rather than spreading, and a
stop should be introduced for measures that increase
traffic on the road network.

The Danish vehicle fleet must be radically stream-
lined and Denmark should promote the electric car
by adhering to the tax exemption on electric cars up
until 2020, phasing out the exemption thereafter.
Tighter requirements for the efficiency of cars should
be drawn up through the EU.



There is a need for an active national input in the
area, and the government’s former target of reducing
transport’'s CO; emissions by 25 % by 2020 in compari-
son with 1998 should be maintained.

6. REORGANISATION OF GOODS AND
EXPANSION OF RAIL TRANSPORT

The reorganisation of goods and private transport
from road torail requires a significant expansion of
rail transport. Investments in rail transport have a
significant mobility effect and, in addition to the en-
ergy and environmental benefits, the improvement of
rail transport will contribute to greater practicability.

Along-term plan for up to 2030 should be drawn up,
including investments of DKK 200 billion for improve-
ments to existing tracks, upgrading of the main
tracks for high-speed trains, improved freight trans-
port, light railway in the large cities and electrifica-
tion of rail transport’'s main network.

7. CLIMATE-OPTIMISED PRODUCTION AND
CONSUMPTION OF FOODS AND BIOMASS

Almost half of the greenhouse gases that originate
from the Danish people’s food consumption can be re-
duced through climate-optimised agriculture where
the extent of waste in households is reduced and
where the Danes eat according to the national die-
tary advice drawn up by the Danish National Council
of Nutrition.

In order to climate-optimise agricultural production,
itisrecommended that the drained soils be removed
from agricultural production as soon as possible,
that the requirements regarding agriculture’s ni-
trogen balance be tightened and a nitrogen surplus
charge be introduced, that criteria for the allocation
of agricultural support be used as an environment
policy tool, and that the organic agricultural area be
considerably increased. Information campaignson a
healthy diet and reductions in food waste with a view
toreducing the climate impact of the Danish people's
day-to-day diet should be implemented, and a strate-

gy for the way in which food prices can show a great-
er reflection of the environmental impact and the
impact on the climate should be drawn up. There is a
need for research- and innovation programmes with
abroad involvement of business- and environmental
organisations to secure an enhanced production of
bio mass on a environmental and socially renewable
foundation.

8. DANISH CLIMATE ADAPTATION STRATEGY

The current Danish climate adaptation strategyis an
ad hoc strategy that assumes that all relevant play-
ers do what they need to at the right time, thereby
ensuring that Denmark is robust in the face of future
climate changes. However, we cannot take it for
granted that municipalities, public utilities, citizens
and other key players are automatically aware of
their responsibility in the way that it is taken for
granted in the Danish climate adaptation strategy.

Itisrecommended that Denmark initiate a system-
aticlisting of necessary measures within climate
adaptation, and that an actual climate adaptation
strategy be drawn up with indicators, guidelines and
prioritised input areas for all relevant players. The
government should initiate systematic monitoring of
the area in order to ensure the necessary progress.

9. DENMARK SHOULD WORK TOWARDS
AN AMBITIOUS INTERNATIONAL CLIMATE
AGREEMENT AND PROCEED BY MEANS OF
CONCRETE ACTION

Denmark should work towards as ambitious an in-
ternational climate agreement as possible through
the EU. Denmark itself should proceed by announcing
a target that greenhouse gas emissions must be re-
duced by 90 % by 2050.
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The IDA Climate Plan 2050
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The energy system and
energy production






summary:
The energy system and energy production

Gross energy consumption (2008): 845 PJ

Intermediate objectives, Climate Plan 2050

2015

The total Danish energy consumption is at 707 PJ

67 % of the electricity consumption constitutes renewable energy

30 % of the total energy consumption constitute renewable energy

The total heating consumption is around 160 PJ and district heating covers 53-63 % of the need for heating

2030

The total Danish energy consumption is at 556 PJ

85 % of the electricity consumption constitutes renewable energy

47 % of the total energy consumption constitutes renewable energy

The total heating consumption is around 141 PJ and district heating covers 63-70 % of the need for heating

2050

The total Danish energy consumption is at 442 PJ

The total electricity consumption is 45 TWh. Around 60-65 % thereof is covered by wind turbines, around 22 %
by biomass and biogas, around 9 % by solar cells and around 1 % by syntetic fuel and around 5 % by wave power
The whole of Denmark’s energy consumption is based on renewable energy sources.

The total heating consumption is around 138 PJ. It is supplied by district heating that is based on the
combustion of biomass and some waste combustion in combined heat and power plants, heat pumps, so-
lar heat and geothermics. The need for heating in buildings outside the district heating area is based on
solar heat and heat pumps

MEANS

= Adetailed expansion plan for off-shore and on-
shore wind turbines that will last until 2050 and
where suitable windmill locations are pointed out
should be drawn up as soon as possible.

= National and local heating plans should be de-
veloped to outline the frameworks for the most
efficient way in which the heating system can be
developed. It should be possible to satisfy energy
saving requirements collectively in areas with a
common supply based on renewable energy sourc-
es and waste heating.

= Research and development of new technologies

are the cornerstone of a radically altered energy
system and are decisive as to whether new Danish
commercial strong positions can be developed in
the energy area. The funds for research, develop-
ment and demonstration of efficient and renew-
able energy technologies should be increased to
DKK 4 billion per year in 2020.

The newly-established windmill secretariat should
be ensured a fixed operating grant and the depre-
ciation scheme for neighbours of wind turbines
should be discontinued.
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= The expansion of solar cells and wave power
plants should be promoted by offering production
guotas with a fixed settlement price.

= Inorder to promote flexible electricity consump-
tion, requirements should be set stating that old
electricity meters should be replaced with new
energy meters that can measure by the minute and
perform remote readings. At the same time, open
communication standards for the purchase and
sale of electricity should also be developed.

= Atleast DKK 150 million should be set aside for
tests and demonstrations of large fuel cell plants.

» Combined heat and power plants should be able
togain up to 10 % of their tax from self-produced
electricity that is used in heat pumps for the pro-
duction of district heating.

= Requirements should be setregarding the use of
thermal solar heat outside the district heating
areas.

= Introduction of storage potentialsis a central ele-
ment of IDA’s Climate Plan 2050, and this will be sup-
ported by measures that make it possible batteries
charged in electric cars, for example, to be included
in the energy system as well as the development of
intelligent consumer goods for private use.
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Energy system and production

With an aim of reducing greenhouse gas emissions by
90 % by 2050 while maintaining a high level of Danish
self-sufficiency with regard to energy, requirements
are set regarding a radically different energy system.
The whole of the energy system's basis and para-
digms must be carefully thought through.

The Danish energy system has been based on fossil
fuels for over 200 years, and by far the majority of
Danish energy consumption is still based on fossil
energy today. It will therefore be necessary to break
the blinkered train of thought and ensure that tradi-
tions, old plant and systems do not constitute an ob-
stacle for innovation.

In 2050, the energy system in The IDA Climate Plan
2050 is based solely on renewable energy sources.
The energy system will, as now, be based on an elec-
trical system and a heating system. However, com-
pared to now, the total energy system will be based
on far more decentralised and distributed energy
production from a broad range of technologies. A
range of major “central” wind farms combined with
individual wind turbines and biomass production
split between different technologies will dominate
the system. Simultaneously, the system is designed
to be as flexible as possible when weighing up the
effective energy utilization that co-production may
generate. The heating systems and electricity system
will be trialled separately so that they are not mutu-
ally dependent on each other

In The IDA Climate Plan 2050, the electricity system
is sustained by wind power, biomass and biogas, solar
cells, wave power, electrolysis and fuel cells, as well
as by storage capacity. The heating systemsin the
cities and smaller urban areas are based on district
heating systems that combust biomass and waste
and use solar heat, geothermics and surplus heating
from industry. District cooling is also a part of the
systems. The heating systems of detached houses are
based on biomass and solar heat.

It is absolutely necessary for the energy system of
the future to be flexible. Tomorrow's energy systems
will be integrated so that energy consumption and
energy production are more closely linked. A mini-
mised and efficiently-controlled energy consumption
will enable the continuous adaptation and design of
the production capacity according to this.

The introduction of storage opportunities is a key
element of The IDA Climate Plan 2050. Storage in fuel
cells and batteries in electric cars, for example, and
utilisation of electricity in heat pumps, plus combin-
ing intelligent consumer devices up until 2050 will
support even and low consumption at the same time.

Wind power will be the hub of
the renewable energy system

Renewable energy production using wind turbines is
currently Denmark’s major strength, and wind power
is also the hub of the Danish renewable energy sys-
tem in The IDA Climate Plan 2050. With a wind share
of 18-20 % of the electricity consumption in 2008, the
strength lies both in knowledge that is at the interna-
tional forefront of the integration of this fluctuating
energy form in the electricity mains, and in the ac-
tual mill development.

The plan looks at rebuilding an innovative domestic
market for windmill technology, where 60-65 % of
the electricity consumption in 2050 will be covered
by wind and where the demand for mills plus an ac-
tive research and development environment is there
to create and maintain knowledge about off-shore
and on-shore wind turbines that is necessary to ex-
pand the export and a growing international market
share, not to mention the development of the knowl-
edge of system adaptation and regulation of the elec-
tricity mains.
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The wind sector creates substantial national em-
ployment and significant international export that
is based on close cooperation of research, distribu-
tion companies and production companies and the
windmill industry. However, the international mar-
ket leader position for both on-shore and off-shore
wind turbines faces a strong threat. If the growth in
the windmill industry continues to increase, it is ab-
solutely necessary for the stagnating international
leading position in wind energy to turn so that Den-
mark retakes the lead. In spite of the economic crisis
and an immediate stagnation in 2009-2010, expected
wind technology growth rates of up to 15-20 % per
year on the international markets mean that there is
still significant growth potential within the area. Dif-
ferent countries, with England, Germany and Spain
as the European examples and China as the Asiatic
example, have strong expansion plans. The IDA Cli-
mate Plan 2050 recommends that Denmark resume
equally ambitious plans.

STATUS FOR WIND TURBINE
EXPANSION IN DENMARK

In 2009, a good 5100 wind turbines were erected
throughout Denmark. Of these, a good 4900 mills
were located on land and 214 mills off-shore. The
wind turbines constitute around 3100 MW installed
wind power, and they produce around 7.3 TWh per
year or around 20 % of Denmark’s electricity con-
sumption of 36 TWh in 2009. The mills are small 150
W mills and upwards. Over the past few years, no new
on-shore wind turbines have been installed in Den-
mark and, following a long stoppage, the expansion
of off-shore mills did not resume until 2009.

The lifetime of the mills is estimated to be around 20
years, whereupon they must be expected to have out-
lived their usefulness and be decommissioned. The
total existing windmill park must therefore be ex-
pected to be decommissioned by 2025. Figur5 shows
the way in which a number of mills and installed MW
are expected to be phased out.
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TECHNOLOGY POTENTIAL AND EXPANSION
POTENTIAL OF WIND

The IDA Climate Plan 2050 looks at substituting the
existing wind turbines with new, bigger and more
efficient turbines on-shore and at setting up a fur-
ther substantial capacity off-shore. 4500 MW will be
installed on-shore and 4600 MW will be installed as
off-shore and in-shore mills, a total of 9100 MW up
until 20503.

The installed 4500 MW on-shore wind turbines will
replace the current 3100 MW mills installed, but with
fewer mills. In 2050, approximately 2300 on-shore
mills can produce up to 12 TWh per year. The off-
shore mills will principally be located at Vesterhavet
where the efficiency is greatest, and up to 20 TWh
per year can be produced with a quantity of 925 mills.
However the location of offshore wind farms will be
evaluated based on aesthetic, construction, produc-
tion technology, practical and maritime considera-
tions, and thus the North Sea, Kattegat and the Baltic
Sea as well as the more coastal waters will all be
involved.

3. Calculationsin this section are based on known wind data
from “Energy and Environment Data” up until January
2009 concerning the efficiency of the existing erected
mills in Denmark, as well as data concerning the annual
efficiency from both the in-shore mill park in Nysted and
the off-shore mill park at Horns Rev (Vesterhavet). Data
from Horns Rev is partly estimated on the basis of provi-
sionally known data. The data is analogous to the Danish
Energy Agency’'s ENS data concerning the wind condi-
tions, but all according to the size, location and roughness
class of the mills, the efficiency is greater in the calcula-
tions performed by the Society of Engineers and Energy
and Environment Data. If average ENS data is used, the
expected efficiency will be slightly lower.



Phaseout of current wind turbines with a 20 year lifespan
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Figure 5: Wind turbine 2008-2050 Source: EMD (Energy and Environment Data, Per Nielsen), Danish Wind turbine
Owner’s and the Danish Society of Engineers.
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Figure 6: Windpower in Denmark,

Source: EMD (Energy and Environment Data, Per Nielsen),Danish Wind turbine Owner's and the Danish Society of Engineers

An expansion such as the one outlined means that
between around 30 and 32 TWh per year can be pro-
duced using an approximate total number of 3260
mills. This corresponds to around 60-65 % of the es-
timated electricity consumption of around 50 TWh
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per yearin 2050. When the electricity consumption
in the Climate Plan increases, this is a consequence
of electricity savings in households, industry and
greater electricity consumption for electric cars and
heat pumps.



Electricity consumption and wind power coverage
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Figure 7: Wind turbines and electricity.

Source: EMD (Energy and Environment Data, Per Nielsen), Danish Wind turbine Owner’'s and the Danish Society of Engineers

The 2008 energy agreement has secured an off-shore
mill expansion up until 2012, but a new expansion
agreement in phase's right up until 2050 should be
established as soon as possible.
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New wind turbines on shore
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Figure 8: New wind turbines.

Source: EMD (Energy and Environment Data, Per Nielsen), Danish Wind turbine Owner's and the Danish Society of Engineers

The size and efficiency of the wind turbines is crucial

to the implementation of the strategy. The proposed
expansion plan is based on the fact that the established
on-shore wind turbines are divided among 0.8 MW, 2
MW, 2.3 MW and 3.6 MW mills. The mills are located in
different roughness classes. Their location is absolutely
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crucial to their efficiency, and it will therefore be of sub-
stantial significance if suitable locations can be found.
In this connection, the newly-established windmill sec-
retariat can ask for considerable help from the munici-
palities. An extension of the secretariat over and above
the allocated 2 years should be ensured to encourage



the municipalities to adhere to an expansion plan. The
planning legislation is a factor for both off-shore and
on-shore wind turbines, and may reduce the speed at
which the expansion can take place. Codes of practice
that make this process run more smoothly will be forti-
fied to avoid delays to the expansion. The highlighting
of suitable windmill locations that correspond to the
desired capacity should be initiated as soon as possible.

Number of new wind turbines at sea
48

315

97

M Westcoast, 2,3 MW
Westcoast 5 MWMW

M Inner waters 2,3 MW
B Inner waters 5 MW

Wind power year by year

Depending entirely upon the outcome of the munici-
palities’ and plan system’s locations and mill sizes,

the on-shore wind turbines will contribute between
around 10 and 12.6 MWh for the 2300 installed mills.

A substantial share of the on-shore wind turbines
will be maintained for the benefit of the more effi-
cient off-shore and in-shore mills. This is justified in
that the involvement of the population in the expan-
sion is necessary and important, but also that the
set-up, maintenance and repair are less expensive.

Both the off-shore mill parks and the on-shore mills
are expected tobe 2.3 MW and 5 MW respectively for
both the off-shore plant and the in-shore mills. The on-
shore mill size is limited due to the visual impression
that their height and rotating wings will have on the
in-shore landscape. The effect of the mills is directly
connected with height and rotor diameter, but since
they will be adapted to the landscape and suitable
locations will be found, the height must give way to
other considerations. It cannot therefore be expected
that 6 MW wind turbines or even larger will be located
close to the coast or by bird migration routes.
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Figure 9: Number of new wind turbines.

Source: EMD (Energy and Environment Data, Per Nielsen), Danish Wind turbine Owner’s and the Danish Society of Engineers
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New on-shore mills are currently almost competitive
with other forms of electricity production, but the
settlement prices have been so vehemently down-
scaled that the expansion has come to a halt. The
proposal is therefore to cancel the settlement in the
form of a feed-in tariff so as to re-start the develop-
ment. The settlement should be downscaled continu-
ously with the expected technology development.

Due to expenses for foundations and infrastructure
in particular, off-shore mills are much more expen-
sive than on-shore wind turbines, and the proposal is
therefore to continuously invite tenders for off-shore
mill parks so there is free competition to construct
the desired capacity as cheaply as possible.

The investment in wind energy plants up until 2050 is
expected to amount to around DKK 55.5 billion for an
expansion with 4600 MW off-shore mills, and for 4500
MW on-shore mills of around DKK 35.6 billion4. The re-
introduction of feed-in tariffs and the purchase obli-
gation and invitations to tender are expected to mean
that the energy companies DONG Energy and Vatten-
fall will invest in the expansion of off-shore mills and
on-shore mill parks, and the population will investin
on-shore windmill parks through a windmill guild.

A substantial contribution to the realisation of an ex-
pansion plan like the one outlined is the considerable
backing from the population and the municipalities.
Understanding for the necessity of the expansion can be
fortified by involving the population in the production.
Location of on-shore wind turbines (and solar cells) in
the vicinity of the citizens requires their support, and
there will be involvement like the interest that pushed
the expansion through the 1980s. It will therefore be
made easier for windmill (and solar cell) guilds and indi-
vidual people to invest in both on-shore wind turbines
and in quotes for off-shore mills through tenders.

4. The price perinstalled MW wind power is high since
the demand for windmills is greater than the supply.
However, the price of installed MW in both offshore mill
parks and on-shore mill parksis expected to fall with an
increase in supply.
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4 new schemes and the new
Promotion of Renewable Energy Act

With this Act, the Danish Parliament has agreed
to strengthen the expansion of biomass, wind
and other renewable energy by increasing the
economic support and by establishing the four
schemes: 1: the right to purchase, 2: the Green
Scheme, 3: guarantee fund and 4: depreciation in
the wind area.

The schemes cover 25 metre-high or taller on-
shore and off-shore mills. The right to purchase
does not apply to pilot mills. The Green Scheme
applies only to on-shore mills. None of the
schemes apply to off-shore mills for which the
State sends invitations to tender, or to pilot mills.

Transition scheme in the new
Promotion of Renewable Energy Act

The right to shares and depreciation applies to
windmills that are connected to the electricity
mains after 1 January 2009. Exemptions are wind-
mill projects that have already started, i.e. on-
shore mills where the municipality has published
municipal plan measures with an associated en-
vironmental impact report before 1 March 2009

or has announced that the mill is not subject to an
environmental impact assessment. Also exempt
are off-shore mills where the erector has obtained
permission for pilot studies before 1 March 2009.
In order for mills to be exempt, they must also be
connected to the mains before 1 September 2010.

Wind

The municipalities can obtain assistance with
windmill planning from the newly established secre-
tariat, the Windmill Secretariat. The Secretariat can
provide guidance, initiate the planning, travel where
thisis necessary, supply analyses of landscapes and
location options and supply nearly-completed action
plans for municipalities that need them.

Figure 10: The Promotion of Renewable Energy Act.



The Danish Parliament has started work on the new
windmill expansion and neighbours of wind turbines
can now investinlocal plant. However, the scheme will
be strengthened so as to fortify the interest in owner-
ship of energy production and reduce any opposition to
new on-shore mills. Unfortunately, the new Renewable
Energy Act includes two contradictory points of inter-
est. The national interest in wind energy can now be
converted intolocal initiatives and local responsibility
for new mills. The legislation ensures that at least 20 %
of all new capacityis offered in shares to the residents
in the vicinity of the mills. On the other hand, the Pro-
motion of Renewable Energy Act is a completely new
compensation principle where neighbours of wind
turbines are offered special treatment in comparison
to neighbours of all other buildings. The special depre-
ciation scheme may be an obstacle to the expansion of
on-shore wind turbines and should be discontinued.

THE COMMERCIAL SUCCESS
WILL BE MAINTAINED

In 2008 the Danish windmill industry employed more
than 28 000 people with a drop to 26.000 by the end of
the second quarter of 2009. The employees are distrib-
uted among 2 primary producers and a large number
of subcontractors. The typical business in the industry
hasbetween 10 and 50 employees, with fewer than 10
businesses having more than 500 employees.5 Exports
increased to DKK 42 billion in 2008. Nationally turno-
ver increased to DKK 53.0 billion in 2008 against DKK
42.2 billion in 2007. Thisis an increase of almost 11.0
billion kroner or 26 percent. Global turnover increased
to DKK 84 billion in 2008 against DKK 65 billion in 2007.
This was an increase of DKK 19 billion or 29 %.

The employment consists largely of highly educated
and specially trained personnel. There is great po-
tential to maintain a large share of highly educated
people if the development of the domestic marketis
established for both off-shore and on-shore plant, and
the considerable cooperation between distributors/

5. Denmarkaswind power hub. The windmill industry 2006

producers, the windmill industry and research is main-
tained. While production of some of the mills can be
expected to be moved to the local markets for the mills,
development, pilot production and testing of the latest
technology will maintain the share of personnel with a
highlevel of knowledge and earnings in Denmark. The
cooperation between the players will also fortify a high
level of training for personnel in the sector.

Biomass and bioenergy

Utilisation of biomass for energy and transportation
purposesis absolutely necessary if significant suc-
cessinreducing greenhouse gas emissions is to be
achieved. The expectation is that Danish agriculture
and forestry will be able to produce biomassin the
form of straw, timber and biodegradable waste, cor-
responding to around 300 PJ per year. It is estimated
that around 284 PJ is nessesary for energy and trans-
portation purposes in 2050.

Biomass can be converted directly into thermal ener-
gy through combustion, or into biogas through gasi-
fication or liquid biofuels, e.g. through fermentation.
The thermal energy can be used for the production

of heating or combined heat and power. Biogas and
liguid biofuels have a broader range of use, including
fuelin the transport sector or as fuel in combined
heat and power plants or in industry.

The processes of converting biomass into energy
have different energy efficiencies, depending on the
energy that has been spent to produce biomass and
the process that transforms biomass into energy. If
the sole purpose is to lower the CO; emissions, the bi-
omass is best used for biogas and combined heat and
power production, and the majority of the biomass
resource should therefore be used for this purpose.

Today, the importation of foreign timber constitutes
anincreasing share of the biomass that was already
the most substantial CO; neutral renewable resource
in 2006 along with wind in Danish energy production.
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Straw 4,8 12,4 13,1 12,2 15,7 179 18,6
Wood chips 0,2 1,7 2,3 3,0 4,2 7.7 8,3
Timber waste 3,7 6.2 57 6,9 6,0 6.4 6,3
Timber pellets 01 1,7 2,3 4,2 6,7 12,8 15,6
Biogas 0,2 0,7 1,8 2,9 3,4 3,7 3,9
Fire wood 7.6 8,8 11,5 12,4 13,0 15,7 19,6
Biodegradable waste, etc. 7,6 11,1 17,5 23,7 26,4 29,4 31,0
Total biomass 24,0 42,5 54,0 65,4 75,4 93,6 103,3

Table 1: Biomass used for energy purposes Source: The Danish Energy Agency, Energy statistics 2006

BIOMASS IN COMBINED HEAT
AND POWER PRODUCTION

The majority of plants produce combined heat and
power. A smaller number of the decentralised plants

- around one in three - still only produce heating.
Largely all decentralised district heating plants and
onein four decentralised combined heat and power
plants currently use environmentally friendly fuels, i.e.
straw, chips, timber pellets, biogas or waste. The re-
mainder - by far the majority - use natural gas as fuel.
The combined heat and power plants are municipally
and cooperatively owned, and they supply the major-
ity of homes, institutions and businesses in the area
with heating by means of district heating pipes. The
size varies from delivery to an individual institution to
awhole urban society such as Viborg. As well as com-
bined heat and power plants, there are some industrial
plants that can also be connected to a special heating
mains. Electrical energy is supplied to the mains.

Transportation of biomass from the place where the
biomass is produced to the plant where biomass is com-
busted results in a minor loss in the total energy ac-

counts. The location of the plants is therefore important.

Itis alsoimportant to expand with energy and seasonal
adjusted storage facilities to ensure an adequate sup-
ply throughout the year. The number of power and heat
plants, their sizes and placements is expected to be ad-
justed in comparison to the current number.
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Number of combined power and heat plants and
district heating plants in denmark

Collective heat supply (towns)
= 16 central power and heat plants

= 285 decentralised power and heat plants
= 130 decentralised district heating plants

Private heating supply

(businesses and institutions)
= 380 power and heat plants
= 100 district heating plants
Total

= 665 power and heat plants
= 230 district heating plants

Figure 11: collective and private heating supply

Source: The Danish Energy Agency www.ens.dk 16/04/09

Combined heat and power based on simple combustion
of biomass is efficient and will be a necessary contri-



bution to the production of electricity and heating.
Although the connection of electricity and heat produc-
tion is not desirable for reasons of production flexibility
based on seasonal and daily requirement/consumption,
combined systems will continue to be included in the
plan based on energy efficient use. District heating
plant will be maintained to the extent that this can con-
tribute tolocal flexibility in the production of heat that
isnot dependent on electricity production.

At the same time the plants will supply cleaned/
scrubbed CO; to electrolysis plants. A national plan
that analyses the number, size, construction and
location of electrolysis plants in connection with
biomass consuming heating plants must thereby be
commenced before the plants are fully developed in
commercial and reliable sizes. During periods where
there is surplus wind energy, the electrolysis plants
will produce fuels (Methanol, DME or similar) that can
be stored and used in fuel cells. We are therefore look-
ing atreplacing the decentralised combined heat and
power plants that are based on natural gas with bio-
mass-based plants with connected electrolysis plants
and heat pumps on a gradual basis as they wear out.

The conversion of biofuel to liquid fuel for use in fuel
cells will involve an unknown minor energy loss. The
Climate Plan 2050 adheres to the proposal to ensure
flexibility in the system since the fuel cells can be
rapidly put into and out of production as required.
The requirement for a stable electricity system
means that fuel cells must be accommodated within
the system in interaction with fluctuating produc-
tion from wind, wave and solar power. An appropri-
ate number of gas based heating plants will be main-
tained and converted in order to decrease biogas. The
biogas can be stored and distributed via the natural
gas network to these plants

In The IDA Climate Plan 2050, 22 % of the total elec-
tricity consumption of 50 TWh will be covered by bio-
mass corresponding to around 11 TWh in 2050, while
the contribution to heating is shown by the heating
section. The other quantities of biomass can be in-
cluded as aresource for fuelsin the transport sector.

Biogas in Denmark

The IDA Climate Plan 2050 looks at agriculture’s do-
mestic animal manure (organic fertilizer) and other
types of organic waste being fully utilised for the
production of biogas. The expectation is that the
utilisation of domestic animal manure will be able to
produce 26 PJ energy per year, and that with full uti-
lisation of the other raw materials (organic types of
waste), it will be possible to produce a further 14 PJ
energy. A total of 40-50 large common biogas plants
should be established to ensure full utilisation of all
of the biogas resource.
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Figure 12: Biogas plants in DK.

Source: The Danish Biogas Association, 2009
The organic raw materials are treated at either a
biogas farm plant or a large common biogas plant

where the organic materials are degasified.

In order for the process to be able to function, it is
currently necessary to mix around 20 % organic
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(waste) material that is different from domestic
animal manure into the plant. In order to avoid lack
of other organic waste innovative thinking will be
needed with regard to the use of chicken manure and
other organicresidual products. In the long term,
itis estimated that it will be possible to produce
biogas exclusively from domestic animal manure.
The gas will be delivered to decentralised combined
heat and power plants that can relatively easily be
transformed from natural gas to full or partial biogas
input.

In The IDA Climate Plan 2050, the biogas plants
should supply both electricity and heating. In order
to ensure the total supply reliability of the energy
systems, the biogas will be stored and form part of
the electricity production during the plants’' own
production or at the nearest combined heat and
power plant/fuel cell plant or through the natural gas
mains. The plants that produce their own electricity
will be connected to those responsible for the mains
through intelligent control technologies.

The potential for additional production of biogas

at 20 PJd when using more organic material, such as
algae and grasses, maize etc. from new areas will be
in place in 2050. A production goal of approximately
40 PJisincluded in Climate Plan 2050 based on other
considerations such as renewable agricultural and
land use. Limitations on and any fall in animal pro-
duction in Denmark and thereby the volume of ani-
mal manure, as well as the potential for different
operating methods to utilize manure for biogas, will
mean that the planisnot based on a higher biogas
proportion. Climate Plan 2050 is robust enough to
integrate and convert to a large proportion of biogas
provided that the future clears the way for this po-
tential.

The biogas will be stored in quantities so that these
can function as the sole electricity suppliers for a
specified period. Today, the biogas producers only
have the option of establishing their own supply to
selected customers. This takes place to a very limited
extent with heating sales to surrounding neighbours.
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THE LOCATION OF THE PLANTS AND
BETTER STORAGE OF GAS ARE CRUCIAL

There are currently 21 common biogas plants and
around 60 farm biogas plants in Denmark (= see fig-
ure 6) and the Danish production of biogas currently
corresponds to 4 PJ per year.

Today, it is principally agriculture that constructs,
owns and runs biogas plants like farm biogas plants
and common plants. Whether there is a commercial
basis on which to establish a common plant is deter-
mined largely by local conditions like the concentra-
tion of suppliers of substantial quantities of organic
fertilizer and other usable biomass in the area, as
well as transportation and sales opportunities. It is
crucial that suppliers of organic fertilizer are not
spread geographically too far apart, since this will
cause major transportation expenses and weaken
the plant’s climate sustainability factor.

With the steady increase in agriculture, there will in
many cases be a basis for alarge farm biogas plant,
and to a certain extent it may be a good solution to
involve the neighbouring agricultural units in this
and pipe their organic fertilizer to the plant.

An important condition is the sale of the biogas
plant’s products: gas, electricity and heating. There
are a number of potential customers for biogas or
biogas-based energy, but no real market. All trade
takes place locally and is determined by individual
conditions. Where the gasis concerned, the price

is typically at DKK 80 - 90 per GJ, corresponding to
around DKK 2.00 per m3. However, there are locations
where the price can be almost double. From a politi-
cal point of view, an electricity settlement price for
electricity produced by biogas has been secured at
DKK 0.745 per kWh. The sale price for heating starts
ataround DKK 0.10 per kWh.

Today, it is most beneficial to supply the energy to
consumers who use more expensive taxed energy
in oil or natural gas-produced energy based on ei-
ther individual plants or combined heat and power
plants (e.g. the manufacturing industry). In terms of



operation, there will be many interested commercial
and industrial customers. Industry’s conversion to
biomass will be able to benefit from biogas in many
cases. For industrial customers, however, the tax ex-
emption will be of lesser significance since industry
already pays lower charges for energy.

Biogas production 1990-2006
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Figure 13: Biogas production.

Source: The Danish Biogas Association, 2009

Biogasis currently most suitable as a basic load sup-
plier since the gas can be difficult to store due to a
major risk of evaporation/diffusion of greenhouse
gases to the surroundings. High-pressure storage is a
relatively expensive solution in terms of both invest-
ment and energy. The solution is used to some extent
in connection with gas-driven vehicles. This is rela-
tively widespread in Sweden, where cars that run on
biogas have been introduced into the system.

Locally at the biogas plants there are smaller opera-
tional storage areas that will compensate for the
general fluctuation in gas production. These storage
areas are low-pressure storage areas where the gas
therefore has a large volume.

A technological gas storage input development with-
out the risk of diffusion should therefore be initiated
so as toassure the broader use of the gas. The best
and most obvious storage option is to use the natural
gas mains where there are storage solutions.

MEASURES TO BROADEN THE EXPANSION
OF BIOGAS

The biggest barriers to the expansion of biogas are
financing, the Danish Heat Supply Act and the Natu-
ral Gas Act. Therequirement in order to achieve
maximum expansion is that the necessary capital
for the investment is available and that solutions are
created to offer an acceptable economy for the own-
ers of the plants.

The goal of the IDA Climate Plan 2050 is to create a
national plan for the extension of biogas and that
sale will be chiefly supplied to industrial customers
and the natural gas network. For supply, production
and marketing reasons, it isimportant that produc-
tion units have a say in the marketing. Clarification
between production and the distribution players is
necessary.

In order to support biogas expansion, it is recom-
mended that supportin the form of governmental or
municipal guarantee be given to start up new plants
with the option of borrowing low-interest funds for
the investment in The Credit Institution for Local
and Regional Authorities in Denmark, for example. It
is also recommended that funds, around DKK 100.000
per project, be allocated to pilot projects in connec-
tion with the construction of large common plants.
At the same time, there should be an opportunity for
neighbouring investments, the same asis possible in
the windmill area.

Itis also necessary to establish tax-free transmis-
sion of the energy produced at biogas plants. This
would promote the biogas producers’ opportunities
to operate on alarger market and provide the neces-
sary flexibility in relation to the technical solution
opportunities. When this or tax-free biogas electric-
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ityis currently piped out to the electricity mains, it is
taxed. The same applies to upgraded® biogas that is
piped out to the natural gas mains. Solely from a tax
point of view, it is relatively easy to keep the biogas
or products thereof free from tax on the mains. This
already takes place in other countries.

A national management plan for biogas will support
the proposed initiatives

Solar cell technology
and expansion potential

The IDA Climate Plan 2050 looks at solar cell plants
covering 9-10 % of the electricity consumption by
2050. Well-positioned roofs on homes, industrial
plant and public buildings and structures will be in-
cluded. Renovations and investments in housing im-
provements will be coordinated with an investment
in solar cells. An expansion plan will be established
for public buildings and plants with a view to finding
locations for larger solar energy plants.

Solar cell plants are relatively expensive at the mo-
ment. Nonetheless, the demand for solar cell plants
on a world scale has in recent years far exceeded the
production capacity which, among other things, has
meant that the price of processed silicium on which
the cells are based has risen from USD 32 per kilo at
the end of 2004 to more than USD 150 in 20067. This
isnot due to alack of silicium, which is found in large
quantities throughout the world, but exclusively to
alack of production capacity. The solar cells that

6. Biogasconsists of a mixture of methane and CO;. The
proportion can vary slightly over the year and the energy
content per volume unit will therefore also vary. CO, must
therefore beremoved from the biogas so that there is only
pure methane before the gasissent to the natural gas
mains. This so-called upgrading is still relatively expen-
sive and costs around DKK 1.50 per m3 Natural Gas. This
expense, together with a tax supplement, makes it impos-
sible to use the solution.

7. Ingenigren, 6 November 2006.
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are currently produced are based on silicium plates.
However, the capacity is strongly increasing and the
price is expected to gradually fall again as the pro-
duction capacity rises.

The research into and expansion of solar cell plants
is currently taking place principally in Germany, the
USA and Japan, and is increasing in other Southern
European countries. Denmark has one producer of
silicium - Topsil, and a production of electricity con-
verters for the electricity mains - Danfoss-Solar In-
verters. 2nd and 3rd generation solar cell technology
based on thin film or polymer technology is also being
developed by Danish businesses and research institu-
tions. Investments in and support for the innovation
of these technologies is necessary for future Danish
participation in the development of commercial plant.

Solar cells constitute a renewable energy technology
thatis expected to compete with conventional elec-
tricity within a few years, and for which a long term
future is predicted as a significant element of both
the EU's and the global electricity supply. In interna-
tional studies, the global sales in the solar cell area
are expected to exceed sales within wind energy by
2015 at the latests.

At the moment, the prevailing climatic conditions
in Denmark may not seem to favour the use of solar
cells; the fact is, however, that it is a question of val-
uesinline with the conditions in Germany, where
around 200 times as many solar cells per inhabitant
areinstalled than there are in Denmark, and where
around 70.000 people are employed in the solar cell
industry.

Solar cells are characterised in relation to other
renewable energy technologies by being the only
technology to be able to produce high value energy in
the form of electricity and that can simultaneously
be adapted to buildings and, as a distributed energy
source, directly at the place of consumption. One fur-

8. PhotonicsInternational, 2008



ther element worth emphasising is that the produc-
tion profile for solar cell plants harmonises well with
the prevailing electricity consumption profile. The
solar cells produce electricity during the day when
the electricity consumption is also at its highest.

STEEP LEARNING CURVES AND
HIGH PRICE DROP EXPECTED

Based on learning curves (price per installed watt-
age) over the past 30 years' development of crystal-
line silicium cells, it is known that the annual price
drops by an average of 20 %. However, it is difficult to
predict whether or not this price drop will continue.
In spite of the considerable annual price drops, elec-
tricity produced from solar cell plants is still signifi-
cantly more expensive than electricity produced at
traditional power plants, and the solar cell plants
that have been established in Denmark thus far have
therefore been established largely for purposes other
than economic ones, including:

= On the basis of a desire to demonstrate environ-
mentally friendly and climate-friendly conduct
and/or to become partly self-sufficient in terms of
electricity.

= Because the use of solar cells offers favourable op-
portunities in connection with the fulfilment of the
energy framework conditions that are demanded
in the Construction Products Directive in connec-
tion with new construction and major renovations.

Within a few years, however, the situation is ex-
pected to change radically, since solar cell plants are
expected to make a breakthrough and the price is
expected to fall considerably. It is thus expected that
electricity produced from solar cells will be competi-
tive with the consumer price upon the purchase of
taxed electricity in Denmark within the period of
2015 to 2020, and that electricity produced from solar
cells will become economically interesting around
the year 2030 when the actual production price, ex-
cluding taxes, will be directly comparable with the
equivalent for electricity produced by traditional
power plants.

These projections are conditional upon a gradual
implementation of the results of the research and de-
velopment activity that is ongoing nationally and, in
particular, internationally. So, continuous progress
is being made within both the module area, where
new types of thin film cells have achieved a commer-
ciallevel in recent years and currently constitute
around 10 % of new installations in 20089, and in the
BOS area where new inverter technologies ensure
optimal utilisation of the electricity that is produced.
The development in thin film technologies and the
major progress in the module area are leading to new
integration opportunities in buildings and equipment
and mean that use and expansion can take place
more quickly than previously anticipated.

Another important parameter to assure a steady
improvement in price/service is the reduction in
expenses that appearinline with the increase in in-
dustrialisation and scale of the production process.
Traditionally, the price per Wp has halved every 7
years, and on the basis of the development in recent
years where annual growth rates of more than 40 %
in production volume have been seen, this trend is
expected to continue.

The above isreflected in a study put together at the
request of the EU Commission!0, where the price of
constructing a functional solar cell plant that is con-
nected to the mainsis expected to fall from EUR 3 per
W in 201011, with EUR 2 per Win 2020 and to EUR 1
per W in 2030. The price development is a conserva-
tive estimate, and there are strong indications from
the solar plants market that the price may fall fur-
ther for both traditional silicium-based plants and
thin film plants.

9. PAEnergy2008.
10. AStrategic Research Agenda for PV Solar Energy Technology
11. 22500DKK/W - at a price of DKK/€ 7.50
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SOLAR CELLSINTEGRATED INTO
BUILDINGS AND PLANT

The IDA Climate Plan 2050 looks at 10 % of the elec-
tricity consumption being based on solar energy in
2050. 5 % will be established as solar cells that are
integrated into buildings, while the other 5 % will
be integrated into public buildings and public plants
(see chapter called “Buildings”).

On the basis of the current solar cell technology plants
and a total electricity consumption of 45 TWh in 2050,
around 40 kmb solar cell plants need to be installed.
However, with the expected increase in efficiencies

in the plants and the continued development of plant
types and possible integration into buildings, it may be
possible toreduce the surface area that is needed.

From previous studies, it is estimated that Denmark
will have a building area of around 150 kmb dedicated
to solar cells, which is fully adequate to fulfil the above-
mentioned area requirements without the need toin-
volve areas that are currently used for other purposes.

The expansion of solar cells should be promoted by
offering quotas for large solar energy plants as inno-
vation markets with a fixed settlement price.

Wave energy - a possible forte

Renewable energy production using wave energy has
not yet been fully technologically developed in full-
scale plants and at an economically beneficial level.
However, the collected energy potential of waves is
far greater than that of wind. The energy is more sta-
ble, but the powers are far more difficult to “capture”
and convert into electricity.

In spite of the technology being at its early devel-
opment stage, there are good expectations for the
efficiency of wave energy plants. The expansion of
wave energy will also complement wind energy, since
wave energy functions over longer periods and sees
smaller abrupt fluctuations than wind, and its use is
delayed to complement wind energy.

44 | THE IDA CLIMATE PLAN 2050

The IDA Climate Plan 2050 looks at wave energy cov-
ering around 5 % of the total electricity consumption
by 2050, and at 700 MW wave power being installed
by 2050. The share can be achieved only if the great
expected operating efficiency of up to 40-45 % peak
hours can be maintained.

WAVE TECHNOLOGY AND
EXPANSION POTENTIAL

Denmark currently has around 9 initiators, a number
of investors and at least one technological research
institution working on developing wave energy
plants. There are also a number of advisers who have
greatinsightinto the wave energy market. Denmark
participatesin the EU's wave power initiatives, but
is also internationally recognised as being an active
innovator on the development market. This position
asaninnovative wave energy nation is a good basis
to create the first full-scale plant and achieve opera-
tional experience.

There are currently a good 200 creative proposals
and plant types on a world scale, and plants that can
produce on commercial terms have not yet been de-
veloped. The first foreign plants sold for electricity
production were set up in Portugal where substantial
grants are allocated towards the settlement price.

In contrast to the other renewable technologies, this
technology cannot be continuously developed but
has to be expanded slowly and made more efficient as
experience is gained. Locating them offshore means
that the plants will be designed according to the
concrete terms at the concrete locations, and that
maintenance, repairs and adaptations cannot be un-
dertaken without considerable expenses. The tech-
nologies will be developed into operationally reliable
full-scale plant before they can be positioned in the
selected places, and the initial expenses are there-
fore relatively high before the first plant can be com-
missioned. On the other hand, functioning plants can
qguickly be scaled and adapted to other locations.



The potential of wave energy

= Denmark’s electrical expenditure: 3,7 GW <

= By the Danish western shore (offshore): 65 Qz\
» upto25MW/km
» average about 16 MW/km
» About 150 km available ~ 2,4 GW

= Inthe North Atlantic by European shores:
25-75 MW/km

= The Mediterranian: 4-11 MW/km

= Total potentia by European shores:

ca. 320 GW 68

= 10-30% of Denmark’'s expenditure can
realistically be covered by wave energy
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Figure 14: Wave energy. Source: Peter Frigaard, AAU 2006

In order to develop the technology, full-scale tests

of a number of the most promising technologies will
launched. There is a great need to test which of the
technologies can withstand the wave power in the
North Sea. The North Sea is also a good test location
since the wave energy plants can be located close to
the coast and the wave height is moderate compared
with the big oceans. In contrast to the wind turbines,
the development of wave plants may well consist of
different concepts, all according to their geographi-
cal location.

The obvious thing to do is to locate wave plant close
to other off-shore plants such as off-shore mill parks
and platforms to minimise the infrastructure ex-
penses for cables and connection to land. The main-
tenance can at the same time form part of the main-
tenance of the other plants, and the expansion can
be undertaken concurrently with the off-shore mill
expansion.

The IDA Climate Plan 2050 1ooks at selecting and
investing in the most promising plants rather than
investing in just one technology. The proposal is
therefore to allocate substantial one-off amounts
to demonstration projects. An allocation of DKK 75
million per year proposed is proposed regarding re-
search, development and demonstration plants.

OPPORTUNITIES FOR A NEW
BUSINESS ADVENTURE

Substantial investments are being made in wave
energy. Based on the technology catalogue from the
Danish Energy Agency, the price of construction is
DKK 14 million per MWE, which is below the market's
expectations. An installation of 700 MW makes the
investment a good DKK 10 billion up until 2050, and
the economy and viability of the plants depends
greatly on the conditions persisting. The plants will
produce 40-45 % during peak hours, there will be
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a high level of operational reliability and no major
repairs and maintenance will be undertaken during
that period. These are high requirements for a new,
untried technology, but the expectation is that the
technology can be developed up until 2050 if trials
and tests of the first plant are launched shortly.

Production companies may be expected to be inter-
ested in investing in wave plant if the production
conditions persist. The proposal is therefore to devel-
op innovation markets where the marketisinitiated
by offering a specific quota of 20 MW, for example,
that assures a kWh price of DKK 2-2.50 per kWh in the
plant'slifetime, for example. If there is interest from
businesses that can produce electricity at the agreed
price, the quota will be filled, otherwise not. Since the
guotais small in relation to the total electricity pro-
duction, its price effect at the proposed kWh price, af-
ter 5 years and with full utilisation of the quota dur-
ing the period, will be around 0,02 DKK/KWh. At the
same time, the different wave technologies will be in
direct competition with one another, and non-viable
concepts will gradually be weeded out. In the view of
the Danes, supporting the development of wave en-
ergy provides good opportunities, like the windmill
area, for creating a new business forte

0il and gas - resources
and recovery

Over the past 30 years, Denmark has gone from im-
porting largely all of its oil and gas to currently being
in the historic situation of producing considerably
more gas and oil than it consumes, and oil has be-
come one of Denmark’s biggest export goods.

Inrelation to the IDA Energy Plan 203012 and the
previous energy projection from the Danish Energy
Agency, new agreements have been set up in the oil
and gas area regarding the reduction of energy con-

12. Energy Plan 2030, IDA 2006
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sumption for recovery. The expected development

in energy consumption through oil and gas recovery
will mean that industry implements a number of pro-
posed savings using advanced techniques and tech-
nological improvements. In The Danish Energy Agen-
cy's new reference, energy consumption in the North
Sea is expected to be around 30 PJ up until produc-
tion ceases. The Climate Plan 2050 sets no additional
targets for the reduction of energy consumption up
until the production ceases. A brief description of the
recovery is included in The IDA Climate Plan 2050,

as the contribution thereafter is included in the cal-
culation of the total greenhouse gas emissions and
because oil and gas recovery is expected to occur for
as long as production is possible.

Both oil and gas production are falling (Figure 15),
but there are good opportunities for the Danish net
self-sufficiency in oil to be maintained over the next
25years (Figure 16) and in gas for the next 15 years,
irrespective of what the oil and gas are used for.

The level of self-sufficiency will be dependent upon
whether there is success in finding and developing
new reserves, increasing the level of recovery in the
known fields and reducing the domestic consumption
of oil and gas with renewable energies for example!3.
Reduction of oil consumption via innovation in the
transport sector in particular will be able to delay
the time for returning to the net import of oil by
many more years.

Correspondingly, it will be possible to phase out the
use of natural gas for heating and replace it by other
heating sources such as geothermal heat, solar heat
and geothermics. It will thus be possible to maintain
the use of natural gasresources in electricity pro-
duction for a further number of years without net
import

13. With theincreasing oil price, some oil and natural gas
resources will change over to being reserves. They will be
available while being economically attractive to recover
and can be put to use with more expensive efficient tech-
nology.
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Figure 15: Forecast for Denmark’s oil and gas produc-
tion, if known reserves are taken into account
(the Danish Energy Agency 2008)

An improved level of recovery will be of substantial
economic value. One percentage point of the level of re-
covery represents a value of DKK 40 - 50 billion. Around
60 % of the earnings from the North Sea will fall to the
government, who are therefore very interested in a
higher level of recovery. Greater recovery of oil and gas
in Denmark is expected to be achievable through an in-
crease in the level of recovery in the existing fields (the

technology contribution), partly through exploration
where more fields are expected to be found (the explo-
ration contribution). The technology contribution is a
way of saying that oil recovery techniques are being
constantly developed. It is thought that the level of re-
covery with the long-term planning for use of advanced
techniques may reach up to 50 % in new fields.
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Figure 16: Forecast for Denmark’s oil production and
consumption. Reserve contribution is the expected oil
production from known fields with known technology.
Technology contribution is production as a result of
expected improvements in recovery methods, etc. Ex-
ploration contribution is production from deposits that
are expected to be found during forthcoming explora-
tion activities. The expected oil consumption is given
here as a direct projection of the current one. If the oil
consumption falls, it will be possible to delay the time of
the net oil import (the Danish Energy Agency 2008)

An oil field’s production period is divided into three
production phases. The tertiary production phase
drives the level of recovery up very high by using a
number of more advanced techniques, known as En-
hanced Oil Recovery (EOR), such as steam injection,
polymer injection and CO;injection. COzinjection
works like an injection of natural gas in that the oil
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is forced towards the borehead. This will typically
use 1-3 tonnes CO;, per extra tonne recovered 0ill4. An
action plan for technological development within oil
recovery should be set up as is the case in Norway.
The provisional plan is that by 2020, EOR will take
place in the form of CO;injection (CO; storage and
CO, WAG), water injection with production-boosting
chemicals. Since several of the EOR methods are very
energy demanding, CO, budgets and accounts should
be used as steering instruments in connection with
research into and development of EOR technology.
The windmill industry is also demanding knowledge
from the oil/gas sector for the continued expansion
and requirements of off-shore plant.

THE POSSIBILITY OF CO; INJECTION
AND STORAGE

Technologies, Carbon Capture Storage (CCS), for the
collection, treatment and distribution of CO; have been
developed where storage and use of CO; for oil recovery
onland are concerned. The EU has worked for along
time with a demo programme where 12 full-scale plants
will be erected around Europe, and in Denmark, Vatten-
fallis working to erect a plant north of Alborg.

CCS consists concretely of “flue gas cleaners” that
are inserted into the flue gas pipe between the power
plant and the chimney and that can separate CO, for
storage following compression. The separated CO; is
stored underground, in sandstone or the equivalent
thatis characterised by having a covering layer that
prevents the CO; from oozing up to the surface again.
Worn out oilfields will often be used or new stores will
be bored corresponding to the stores that have previ-
ously been used to store natural gas. Denmarkisina
very good immediate location in relation to storage,
among other things by virtue of the North Sea.

In oil fields the collected CO;canalso be used to in-
crease the recovery of oil, Enhanced 0Oil Recovery

(EOR), by up to 10 %. There is no unambiguous envi-
ronmental assessment of the risks of CO, storage,
including technological and geological-related risks.

A number of different technologies for CO, recovery

from point sources are being developed and the time
perspective for these is estimated to be as shown in

Figure 17.

2010

Post-combustion capture (collection of CO; fol-
lowing combustion).

2015

0,/CO; recycle combustion (Oxyfuel) with cap-
ture (collection following combustion and partial
recirculation of CO;as a part of the fuel).

2020

Pre-combustion capture - Integrated Gasification
Combined Cycle (IGCC) (collection of CO,in connec-
tion with the gasification process for combustion).

2030
IGCC with Oxyfuells.

Figure 17: CCS Technologies

Itisimportant that plans for CO; collection and storage
are developed and assessed from a system perspective
where the opportunities to collect and use CO; are simul-
taneously considered. Furthermore, technologies for the
reduction of CO; emissions will be compared with other
measures for the reduction of CO; emissions and energy
savings and greater use of renewable energy.

One important problem is that the collection of CO;,
from power plantsis a so called “add-on"- technolo-

14. Wolfram Kleinitz, Gaz du France. Edition Oil/Gas Knowl-
edge Seminar 2006
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15. Mogens B. Laursen, Dong Energy. Road map seminar, oil
and gas, 2006



gy, thatis very energy demanding, and will increase
the fuel consumption of power plants by between 10
and 40 %16.

The IDA Climate Plan 2050 contains a gradual phase
out of coal, oil and gas at the same time as a phase
out of alarge proportion of the total emission of
greenhouse gasses that occurs from various CO;
sources. This means that the extent of future Danish
CO; emissions that can be collected is limited, as the
collection of CO; must necessarily occur from major
point sources such as power stations.

Model calculations that are based on plans to extend
the North Jutland market with CCS also demonstrate
thatit will not be expedient to implement CCS in IDA's
Climate Plan 2050 for financial reasons!’. No targets
have therefore been included for the extraction and
disposal of CO, in IDA’s Climate Plan 2050.

If the technology is implemented to a greater degree
at aninternational level, it can be expected that the
upper CO; price in the future will be determined by
the cost of CO; storage.

Adaptation of renewable
electricity production in
the energy system

The increasing quantity of fluctuating and fixed elec-
tricity production!® creates a need for storage capac-
ity in the energy system and flexibility in the use of
electricity. At the moment, itis already sometimes
necessary to export electricity at very low prices,
known as electricity overflow. This takes place on a
cold and windy winter’s day where the wind turbines
produce their maximum and the combined heat and
power plants cover a substantial need for heating
and production of electricity at the same time. If
there is too great an electricity overflow, it will eco-
nomically undermine further expansion of things
like wind turbines.

The electricity overflow problem can be solved using
different means - either by expanding and improv-
ing the transmission connections to Norway, Sweden
and Germany or by creating a more flexible domestic
energy system that can be adapted to the fluctuating
energy production. The technological opportunities
and economic conditions dictate that emphasis be
placed first and foremost on the latter-mentioned.

The regional transmission companies and Energinet.
dk have prepared a cabling handling plan in connec-
tion with the adoption of cabling, new and ongoing
cabling as well as old transmission lines. The focus
hereis on the 132-150 kV transmission network. The
plan shows that if replacement occurs over a 30 year
period the network can be redesigned so that it sup-
ports much more renewable energy. The current elec-
tricity transmission network is originally based on
the location of central power stations in relation to
consumers in urban and industrial areas.

In connection with this it has been chosen consider

16. IPCC specialreporton Carbon Dioxide Capture and Stor-
age, 2005.

17. Expertnote “Consequence analysis of addition of CCS to
IDA's Climate Plan 2050".

18. Electricity from renewable energy sources such as solar
cells, wind and wave power, and electricity produced at
power and heating plants where the electricity produc-
tion islinked to the heating production.
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the potentials for redesigning the total transmission
network, and optimising this in relation to the mas-
sive extension in renewable energy, the location of
future wind farms, electricity consumption projec-
tions including an expected increased use in elec-
tricity for heating supply and electric cars, and the
integration of wind power. It is thus proposed that
conversion be performed in connection with the prin-
ciples for cabling and in connection with the extent
of theremaining lifetimes in the existing system. The
plans thus support the plans that the transmission
company Energinet.dk has drafted for the transmis-
sion network and the conversions that are performed
under IDA’'s Climate Plan 2050

Investment expenses in expanding the transmis-
sion capacity to our neighbouring countries are very
high compared with the earnings from the export of
“overflow electricity”19. The acute electricity market
situation, where Denmark has an over-production

of electricity and wants to export, can at the same
time be expected to be compromised further in line
with wind turbines being erected in North Germany,
Norway and Sweden. With the measures that are ini-
tiated in The IDA Climate Plan 2050, Denmark will be
assured of not being forced to export electricity at
low market prices, but instead being able to export
electricity to a lesser extent when the market prices
are more favourable.

The expansion of solar cells and wave power means
that electricity production from the renewable en-
ergy sources of sun, wind and waves will be levelled
out. Wave energy plants will continue to produce for

a while after the wind has dropped, and solar cell
plants produce mainly in the summer where the other
forms of production produce their least. A more varied
mixture of weather-dependent energy sources is thus
beneficial and must be encouraged in the long term,
but will be far from solving the challenges in connec-
tion with the fluctuating electricity production. It will

19. Reportfrom the work group on power and heating and
sustainable electricity. The Danish Energy Agency, 2001.
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alsobe necessary to a far greater extent than is the
case today to bring into play regulation capacity for
the combined heat and power systems. Likewise, work
must take place to create a more flexible electricity
and heating consumption at consumer level.

Electrolysis and fuel cell
plants are key to the power
plant structure of the future

The principle behind electrolysis and fuel cells is that
the electrolysis process produces a fuel that can be
stored and used later in fuel cells. In this connection,
the fuel cell can supply electricity when other renew-
able energy sources are not producing. The electroly-
sis process will be initiated when there is a surplus
(electricity overflow) on the mains and thereby
achieve a stabilising effect on the plants.

co, Power
into the H,Ointo the

/ atmosphere \ I / atmosphere

Ca(OH), + CO, (from air) ® Consumption:
CaC0,+H,0 Fuel cell or Otto engine

4 |

Ca0+H,0 ® ‘Transport
Ca(OH), + heat T
\ Production of fuel:
CaCO, + heat ® Catalysis:  CH, or CH,0H
Ca0 +CO, Electrolysis: CO+H,

Electricity
from water
or wind

Figure 18: The electrolysis principle.

Source: Mogens Mogensen, Risg.

Fuel cells are a promising technology and fuel cell
combined heat and power units will be able to offer
rapid up-regulation and down-regulation of electric-
ity and heating production independently of one an-
other. Fuel cells are first and foremost characterised
by having a very high electrical efficiency in relation
to other combustion technologies and, in contrast



to other combustion technologies, they will be able
to provide quicker and more flexible regulation be-
tween heating and electricity production without
noticeable losses in the overall efficiency. Fuel cells
at central and decentralised combined heat and
power units can thus help to ensure energy-efficient
flexibility in the energy system.

Fuel cells produce direct current that is converted to
the electrical system'’s alternating current through
aninverter. The inverter can also contribute to the
necessary voltage regulation and stabilisation in the
electricity mains and thereby replace other active
unitsin the electricity the system, e.g. some of the
thermal power plant units that are otherwise kept in

operation due to the stability in the electricity mains.

The electrical efficiency of fuel cells is largely scale-
neutral. However, it is possible to achieve even
higher efficiency levels at large plants by combining
them with gas turbine plants. Fuel cell plants are
built up on a modular basis of many small fuel cells,
and even small fuel cell plants have a high electrical
efficiency. Fuel cells therefore also hold potential
inrelation to household-sized micro combined heat
and power plants, which is an area in which several
Danish businesses are investing. However, several
analyses show that individual heating should in the
future be based on geothermal heat plants or other
heat pumpse20. Individual micro combined heat and
power plants are therefore assumed not to have been
established in The IDA Climate Plan 2050.

20. Heating plan Denmark, Rambgll, 2008, Fuel cells and elec-
trolysers in future energy systems, Mathiesen, BV. 2008.

The potential expectation is that SOFC fuel cell
plants, for example, will be able to achieve electri-
cal efficiencies of up to 60-70 % (today, they are at
around 55-56 %) where the maximum expectation for
plants with combined-cycle gas turbinesis to achieve
an electrical efficiency of around 60 %, and coal-
based plants 50-55 %21. SOFC (Solid Oxide Fuel Cells)
fuel cells also have the advantage that they can use
different biofuels. For both combined heat and power,
the fuel cell efficiencyisas high as 90 %

El1 Eff. % Cogen Eff %
NG or SNG 56 a0
153[1]0%3(351{4/50 % CO; >4 86
Methanol 54 90
DME 54 89
Ethanol 55 80
Ammonia 57 90
Diesel 40 90

Table 2: Fuel efficiency in SOFC.
Source: Haldor Topsge. 2009

The fuel cell development over the past 10-15 years
has progressed rapidly, and commercial fuel cell
plants of both power plant and household size are ex-
pected to be on the market and ready for large-scale
demonstration by 2015. The first place in the world
for a factory with a production capacity of 5 MW/year
to be established was Denmark in 2008. A factory
with a capacity of 100-200 MW/year?2 is expected to
be established in 2014 or 2015.

In connection with energy supply, we anticipate that
the fuel cell technology will firstly be competitive
within different niches and then within stationary

21. Energy Technology Perspectives, Scenarios & strategies
to 2050. EIA 2006.
22. Basedoninformation from Topsoe Fuel Cells
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combined heat and power units. In the long term, the
fuel cell technology may also be interesting within
mobile uses, i.e. the transport sector, in connection
with hybrid cars, for example, where the fuel cell
unit will function as a charge unit for the batteries
and thereby ensure longer distance than the purely
electric cars. Niche uses for fuel cell technologies
such as emergency power plants, hospital vehicles
and power supply for portable uses will contribute to
the general development of the technology, but if the
fuel cell technology will help to solve the energy chal-
lenges, targeted investment will take place towards
the development of these technology uses.

EXPANSION OF FUEL CELL-BASED
COMBINED HEAT AND POWER PLANTS

The IDA Climate Plan 2050 looks at central and de-
centralised combined heat and power plants after
2015 gradually being replaced by SOFC fuel cell-based
combined heat and power plants. This means that
around 1/3 of the Danish combined heat and power
plantsin 2030 will be fuel cell-based?3, corresponding
to an average yearly expansion of 150 MW.

Denmark has built up a comprehensive knowledge
resource in the fuel cell area24. In research terms,
Denmark is among the world elite, and a number of
major Danish businesses are working actively with
the area. There is extremely substantial commercial
potential in the area in that fuel cells, by virtue of a
high efficiency level, can be imagined to out-compete
alarge number of the current combustion technolo-
gies used in the energy system and in the transport
sector.

23. “Basicprojection of electricity and district heating
production 2005 -2025" for table on planned scrapping”,
Technical background report to Energy Strategy 2025.
The Danish Energy Agency, 2005.

24. Primarily within the PEM (Proton Exchange Membrane)
fuel cell technologies, a low-temperature fuel cell that
functions on hydrogen, and SOFC (Solid Oxide Fuel Cell),
a high-temperature fuel cell that can combust hydrogen,
methane, natural gas, etc.
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In order to support the expansion of fuel cell-based
combined heat and power plants and a development
as described above, and to support Danish business
developmentin the area, it will be crucial to establish
a Danish plan for the development and expansion of
fuel cells in Denmark. Such a plan will include sig-
nificant funds of around DKK 150 million per year for
test and demonstration projects in the area and in-
centive structures that include fixed electricity set-
tlement prices to ensure the expansion of the tech-
nology. As of 2015, partnership agreements should
be entered into with electricity producers where the
government co-finances the erection of fuel cell com-
bined heat and power plants with specified efficiency
targets for demonstration and market technology
market maturity purposes.

Heat pumps in the combined
heat and power system

The Danish energy system is one of the world's most
energy-economic, which is largely attributed to a
comprehensive expansion of district heating that
uses renewable energy and surplus heating, includ-
ing combined heat and power. The level of expansion
of district heating currently constitutes around

60 % of the heating market, and more than 95 % of
the heating is produced using renewable energy or
surplus heating, 81 % of which constitutes combined
heat and power. This utilisation of marginal energy
sources has been crucial to Denmark’s gross energy
consumption having remained largely constant
over the past 30 years. The share of fossil fuel per
me of heated area has fallen to around half of the
consumption 30 years ago, and it is still falling. It has
therefore fallen by 30 % over the past 8 years2s. It is
important to maintain and expand this opportunity
to improve the fuel efficiency of the system.

25. Benchmarking statistics 2005-2006. Danish District Heating



When in the near future electric cartridges are al-
lowed for heating production in the district heating
system, the fuel efficiency of the energy system will
be significantly reduced. On the other hand, heat
pumps in combination with central and decentralised
combined heat and power plants can improve the fuel
efficiency of the system.

Expansion of electricity-driven heat pumps in the
central and decentralised combined heat and power
plants constitutes an option to increase the regula-
tion capacity of power plants and maintain the fuel
efficiency of the system. Trials using simultaneous
operation of heat pumps and a combined heat and
power unit also show that the total efficiency of a
plant can be increased?6. This expansion will be espe-
cially beneficial to society.

In order to create the right framework conditions for
an expansion of electricity-driven heat pumps, we
are looking at combined heat and power plants being
able to gain up to 10 % of their tax from self-produced
electricity used in heat pumps for the production of
district heating. It is thought that such a measure
will make it economically attractive for combined
heat and power plants to invest in electricity-driven
heating pumps®2”.

A radically changed
energy system

The above gives a clear picture showing that the fu-
ture's energy systems will be changed radically. The
production of energy in the energy system will, as now,
be based on a power and a heating share, but in order to
achieve as flexible a system as possible, it is essential
that these are not dependent upon one another. How-
ever, synergy between combined heat and power pro-

26. See The Danish Society of Engineers’ Energy Plan 2030
(2006), Appendix, note 1.

27. See The Danish Society of Engineers’ Energy Plan 2030
(2006), Appendix, note 1.

duction will be used where this strengthens efficiency
levels and energy utilisation by means of electrolysis
plants, fuel cells and heat pumps for example.

The key factor is that the systems consist of a decen-
tralised and distributed production based on a sub-
stantial range of technologies that will be integrated
into an electricity mains and several heating mains.
In this connection, there will be many production
units or plants that will supply energy. Some of these
will be very small and individually owned and run,
while the majority can be large common plants run
by smaller amalgamations of owners or major pro-
ducers.

For supply and plant energy efficiency reasons, it

is essential that the producers include reasonably-
sized production companies that can ensure that the
system has a continuous regulation capacity and
basic production. The regulation and connection and
disconnection of production plants corresponding to
the consumption pattern will be essential to the sta-
bility of the systems. With many plants on the mains,
it should be possible to monitor and regulate these as
necessary, and a combined heat and power storage
capacity will be built up during the over-production
times for use in peak consumption hours. The sys-
tems will be built up as intelligently as possible and
so that they are flexible and robust in the face of fluc-
tuationsin both consumption and production over
hours, days and weeks.

Intelligent energy con-
sumption and control

Expansion of heat pumps and fuel cell combined heat
and power plants will make a significant contribu-
tion to more flexible electricity consumption, but it
should be possible to further improve the energy sys-
tem's efficiency and capacity to handle fluctuating
production, and measures should be initiated to sup-
port flexible and price-sensitive energy consumption.
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Today, the individual consumer pays a fixed kW price
for electricity and district heating and, as a consum-
er, you cannot see the day-to-day fluctuation since
the bill shows only the average. Businesses that are
large consumers of electricity can purchase electric-
ity from Nord Pool where the price is established one
day beforehand on the basis of expectations regard-

ing the day's electricity production and consumption.

There will also be experiments with disconnecting
major consumers against payment and as regulat-
ing power instead of starting up more plants during
short periods.

Today's energy system has largely been developed

at a time where the power of communication and
calculation were not what they are today. There are
nolonger any technical problems in constructing an
energy system with constantly varying electricity
and heating prices where these are communicated to
the individual energy consumers and where house-
holds or businesses adjust their electricity and heat-
ing consumption according to this.

In spite of alarge share of the energy consumption
being difficult to move in terms of time, there are
good opportunities to move a share of the consump-
tion in a shorter period, which will in particular be
of great significance to the balance in the electricity
system. For example, the electricity consumption

in the total amount of refrigerators and freezers is
so great that only a 15-minute interruption to the
consumption (which would not lead to inconvenience
for the consumers) will deliver the main part of Den-
mark’s primary regulating power (220 MW). If the
electricity consumption in industry’s refrigerators
and freezers is included, the figure is even higherzs.

The current plan looks at up to 80 % of private car
transportation being electrified (see the chapter on
Transport). Since cars are primarily used in the day-

28. Adaptation of renewable energy in the existing Danish
energy system. Peter Maibom, Department of Systems
Analysis at the Risg Research Centre, 2005.
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time and generally stand still for most of the time,
the batteriesin electrical cars are suitable for a flex-
ible electricity system where prices vary. There will
be good opportunities for the electric car being able
to charge when the price is at its lowest and in the
long term also function as regulating power and send
electricity back to the mains if there is lack of capac-
ity and electricity prices are high=2s.

A number of production businesses will also have

the benefit of moving their most energy-demanding
processes to night time when the prices are generally
lower. Major industrial businesses can also function
asregulating power, since they can interrupt the
production against payment if there is a sudden lack
of capacity.

INITIATIVES TO PROMOTE AN ELECTRICITY
MARKET WHERE PRICES VARY CONSTANTLY

Activation of the flexible energy consumption poten-
tial means that intelligent communication systems
need to be developed that constantly communicate
the current electricity and heating price, and that
electricity and heating consuming devices and in-
stallations need to be equipped with electronics that
mean that they can automatically react to the mar-
ket situation. It is of crucial importance that the sys-
tem canrun as automatically as possible and that the
consumer’s comfort is not negatively affected.

In order to promote the development, it will be im-
portant for political initiatives to be taken to support
the expansion of remotely read energy meters, and
for requirements to be set for these stating that they
can measure energy consumption by the minute. The
proposal is therefore that a law set requirements

29. Energinet.dk has analysed whether or not electric cars
and heat pumps can be used to take the substantial quan-
tities of electricity overflow that occurs during periods
and deliver it back to the mains during periods where
there is a production shortfall. The conclusion is that this
will lead to substantial CO; reductions and that it will be
beneficial to both consumers and mains stability.



regarding the energy companies stating that during
the continuous replacement of old electricity meters,
they are replaced by energy meters that can measure
by the minute and perform remote reading. The me-
ters will also make the consumption visible so as to
increase consumer awareness. For example, this can
be done by showing day-to-day, weekly and yearly
energy flows out of and into the house on a central
display.

Under the auspices of Energinet.dk, it will be impor-
tant toinitiate development projects for an appropri-
ate presentation of dynamic tariffs for district heat-
ing and electricity. Development work that aims to
formulate and promote open communication stand-
ards in connection with home automation should be
initiated as soon as possible with a view to establish-
ing an actual market for equipment that can monitor,
measure and control energy consumption according
to the users’' needs and according to relevant energy
prices.

Since the market price of electricity constitutes only
a small share of households’ electricity bills, it will
promote the flexible energy consumption if the tax
system also follows the hourly prices and reflect the
current production situation. It will be possible to
introduce time differentiation for the tax on electric-
ity so astolevyahigher level of tax on the more ex-
pensive electricity that impacts on the environment
where further consumption requires investments

in the mains or something else. Energinet.dk should
take the initiative to stuffy whether or not time dif-
ferentiation can be established for the tax on elec-
tricity that is yield neutral for the government from
the start.

RESIDENTIAL HEATING OF THE FUTURE

Heating for mass housing is a considerable challenge
in the transition from a fossil energy system to a re-
newable energy system. Denmark has been success-
fulinincreasing the number of square metres at the
same time as causing the fuel consumption and the
CO; emissions for residential heating to fall substan-
tially. This has occurred through a combination of
room heating savings and expansion of co-produced
electricity and heating. At the same time as this de-
velopment, there has been success with replacing oil
for heating with other fuels and gradually introduc-
ing more renewable energy into residential heating.

Key questions regarding the residential heating of
the future concern fundamental problems such as
how will existing buildings be heated in the future?
How will new buildings be heated in the future? How
far can the district heating and block heating be ex-
panded? How will buildings that are outside district
heating areas be heated?

Flexible energy consumption is not only a possibility
in the electricity system. There are also good argu-
ments for district heating consumption to be made
flexible, since hot water containers and underfloor
heating can be used very well as energy stores and,
due to the thermal inertia, are well suited to short-
term interruptions.

An overall analysis of energy savings and the above-
mentioned problems has recently been carried out

in Denmark30 for an energy system that is gradually
moving towards a 100 % renewable energy supply. At
the moment, around 40 % of Danish homes are heated
by natural gas, oil and biomass boilers and electric
heating also in the vicinity of areas that have district
heating3!.

30. Heating Plan for Denmark, Rambgll and AAU, 2008
31. Energy Statistics 2007, The Danish Energy Agency 2007
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With regard to fuel efficiency, CO; emissions and eco-
nomics, the analysis emphasises thatitis a good solu-
tion to combine a gradual expansion of the district
heating areas with the implementation of individual
heat pumpsin the remaining buildings. This also ap-
plies even though the buildings are gradually given
better insulation and the need for heating is reduced.
The analysis indicates that the most optimum ap-
proachis to expand the current district heating
share of 46 % to somewhere between 63 % and 70 %
of the net need for heating.

This expansion of the district heating areas and reor-
ganisation to geothermal heat pumpsis of short term
benefit to the current system, but is also closely con-
nected with a strong expansion of wind power in the
longer term32.
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Figure 19: Heating area, district heating production and energy consumption for residential heating

32. Efficientuse of wind-based electricity in Denmark, Energinet.
dk, 2008; Heating Plan for Denmark, Rambgll and AAU, 2008
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Figure 20: Fuel consumption in a 100 per cent energy
system with the analysis of different forms of heating
for boilers up to one kilometre from existing district
heating areas and with 75 per cent room heating savings

Expansion of district
heating areas

The IDA Climate Plan 2050 looks at the district heat-
ing areas gradually being expanded up until 2030 un-
tilthey cover 70 % of the net Danish need for heating.
Itis assumed that the district heating will be expand-
ed so that individual boilers up to one kilometre from
existing district heating areas are supplied with
district heating. The plan looks at sub-objectives of
the district heating areas being expanded in 2020 to
also cover neighbouring areas with heating boilers,
i.e. areas that border on the existing district heating
areas. Such expansions utilise the synergy effect by
combining savings in room heating consumption and
alowering of the return temperature with marginal
expansions of the district heating mains and adap-
tations of pipe dimensions and peak-load boilers.
Energy savings have been made in some areas, but it
has also been shown that the building massis on the
increase, so the energy density is still significant.

The gradual expansion of the district heating market
share is summarised in the table below.

= The expansionin scenario 1 up toa 53 % market
share is the most beneficial expansion that is very
economically advantageous with the current fuel
prices.

= The further expansion from scenario 1 to 2, from
53 % to 63 %, is both beneficial and could be imple-
mented by 2020 subject to increasing fuel prices.

» The further expansion from scenario 2 to 3, from
63 % to 70 % by 2030, will be beneficial only if the
fossil fuels are to be completely phased out and the
fuel prices rise further.

One of the greatest challenges in the municipal heat-
ing planning will be to arrange this expansion in an
optimal way and achieve the most beneficial area
delimitation between the collective district heat-
ing and block heating plants and the individual heat
pumps.

Current need District heating New di.strict
for heating { marketshare | HEat o
GWh/year

Reference 46 %

Scenario 1l 53 % 4.746
Scenario 2 63 % 10.205
Scenario 3 70 % 15.364
Fraltil2 5.459
Fra2til3 5.159

Table 3: Gradual expansion of the district heating mar-
ket share with regard to the Heating Plan for Denmark.
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Reorganisation to low tempera-
ture district heating and the possi-
bility of decentralised production

In combination with the expansion of district heat-
ing areas, the proposal is for district heating to also
be reorganised to operate at low temperature. This
means that the end consumers will be better at using
the district heating so that the return temperature
becomeslower and the highest requirements regard-
ing flow temperature are lowered.

According to the Heating Plan for Denmark, this can
take place with a combination of technical improve-
ments to the heating installations in housing and

an incentive structure in the form of tariffs that
promote conduct that lowers the temperature. Low-
ering the return temperature to 30-35 oC will lead

to savings and thereby the possibility of supplying
more homes with the same district heating. It will
also lead to lower expenses in investments in district
heating, lower operating expenses and more efficient
production from combined heat and power, large heat
pumps, geothermics, solar heat, industrial surplus
heating and condensing boilers, etc.

There is a need to develop concepts for the way in
which low temperature heating plants in low energy
structures can be most efficiently designed in coop-
eration with the district heating supply so as to mini-
mise the total expenses (e.g. underfloor heating that
is distributed along the length of terraced houses as
an alternative to traditional plants). It is therefore

a challenge for parties involved in the construction
and the district heating companies to design simple,
efficient waterborne heating plants in cooperation
with the district heating in new low energy build-
ings. The most crucial thing to ensure suitable and
appropriate replacement is for long-term politically
binding agreements to be entered into regarding
reductionsin heating consumption and return tem-
perature in buildings so that the district heating pro-
ducers know the need for the future in plenty of time
and can therefore dimension their new plants and
pipes to this.
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Where new buildings are concerned, the fact that fuel
savingsin the district heating systems cannot be in-
cluded in the energy framework constitutes a source
for socioeconomically erroneous investments in the
housing sector. It is therefore crucial from a socioeco-
nomic perspective for the building regulations’ energy
frameworks to also be extended to include surplus
heating and solar heat, etc. from the collective systems.

At the moment, decentralised areas are being estab-
lished for producing district heating from solar heat,
for example. These concepts lead to the possibility of
reducing the pipe dimensions and creating large solar
heating plants that have lower expenses, for example.

District cooling technology

Today, cooling is used in many different buildings,
primarily shopping centres and office properties. The
need for cooling has been increasing with new methods
and forms of construction and in the denser urban ar-
eas. The cooling will typically be produced by more or
less individual cooling machines that are run on elec-
tricity. The individual cooling can be replaced by com-
mon cooling. District cooling will in principle only be a
possible solution in large urban concentrations with a
substantial need for cooling, irrespective of whether or
not the technology can be introduced overall.

The definition of district cooling is the production
and distribution of cold water through a district cool-
ing pipe system (the distribution mains) where the
cold water is produced by central and decentralised
cooling centres respectively. The idea behind district
cooling is to use as many resources as possible so

as to minimise the energy consumption. These re-
sources are things such as waste heating, combined
heat and power, solar heat or free cooling. Free cool-
ing is the utilisation of a local resource in the form of
off-shore, ground or sea water that can be recovered
at a useful temperature for cooling purposes, i.e. a
temperature thatislower than the return tempera-
ture so that the recovered water can be used to cool
thereturn water. This then means that a share of the



cooling energy can be produced without using en-
ergy. There are district cooling methods other than
free cooling, but free cooling is thought to have the
greatest potential.

A district cooling plant will distribute cold water to
the consumers’ cooling surfaces at a flow tempera-
ture of around 5 degrees C. The return temperature
will be around 15-20 degrees C. A new pipe system
will therefore be constructed for a district cooling
plant. Since district cooling works with a tempera-
ture differential of 10-15 degrees C, the dimensions of
such a pipe system will be relatively large. Large dis-
trict cooling plants will therefore need more cold
water production places than we see for production
placesin a district heating system.

INSTALLATION AND CO; DISPLACEMENT

The adoption of “the Municipal District Cooling Act”
of 17/06/2008 opened up the way for the possibility for
municipal heating plants to establish district cool-

Production distribution

Energy volume

ing companies. However, the Act has not removed all
obstacles since district cooling is not likened to other
energy supply types because district cooling is not
covered by the creditline ministerial order.

If district cooling is produced using free cooling,
solar heat or by using surplus heating, this will not,
over and above some flow to some pumps, lead to any
extra fuel consumption since the surplus heating will
instead have been cooled away.

A fully expanded district cooling system will lead to
a saving of 235 935 tonnes CO; per year, which cor-
responds to an investment of DKK 5 948 per saved
tonne CO, with a lifetime of atleast 10 years, cor-
responding to a total saving of 2 359 346 tonnes
CO;. (Budget figures from a known large plant in the
capital city area were used for the calculations and
should be seen as a product thereof.) It can be con-
cluded that the biggest saving from district cooling
plants comes from the free cooling’s share of the to-
tal cooling effect.
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Figure 21: The distribution of cooling production among production methods over the year for a known district cool-

ing plant.
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REORGANISATIONS OUTSIDE DISTRICT
HEATING AREAS TO GEOTHERMAL HEAT
AND HEAT PUMPS

Heat pumps are an efficient way of heating a house
in areas that are not supplied with district heating.
The conditions are that the heat pump must have a
high level of efficiency, be based on geothermal heat
(to ensure a high level of efficiency), and supply hot
domestic water and heating throughout the building
so as to avoid direct electric heating and electricity
panels and so that the heating is distributed through
a central heating system at a low temperature. The
high level of efficiency should be ensured through
product standards.

According to Energinet.dk, it will also be very beneficial
inthelong termif the heat pumps can be interrupted

during periods when electricity prices are high, typically

during periods where the wind power is at a minimum.

Ring Sgpark, Braedstrup

Roof integrated
solar plant

Roof integrated
solar plant

Heat pumps currently have a very low coverage in Den-
mark. With sharpened requirements for the total energy
load for new buildings, it can be expected that efficient
heating pump systems will be important in new con-
struction and renovation. This tendency is seen already
todayin connection with the latest types of house.

It is proposed that 90 % of all current boilers outside
the areas that cannot be supplied with district heat-
ing be replaced by heat pumps, 80 % of which are
geothermal heat pumps and 10 % air to water heat
pumps, both on a gradual basis up until 2020. The
remaining 10 % are assumed to be biomass boilers.
All electric heating outside the district heating areas
will be converted to air to air heat pumps. No further
changes are implied up until 2050.

_ Minor earth positioned ,/ <%
solar plant

Electricity

Figure 22: 2. Generation district heating concept in Braedstrup
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Solar heat

Solar heat makes an important contribution to re-
ducing the use of fossil fuelsin the short term, but
also helpsin the longer term to reduce the consump-
tion of biomass. There is great potential for solar
heatin Denmark, and the price of solar heat plants
has fallen considerably so plants can currently com-
pete with conventional technologies. This applies to
both small, individual plants and to large plants for
district heating production.

The Danish District Heating Platform’s aim is for 50 %
of the need for heating to be covered by solar heat in
2050. The Climate Plan 2050 looks at a less ambitious
target but an economically more viable solution of a
total of around 30 % solar heat coverage in 203033.

The expansion of large solar heating plants for the
district heating mains is most beneficial in that dis-
trict heating often has heating storage and because
large-scale plant and heating storage for district
heating is more cost-effective than individually-
based solar heating systems. The Heating Plan for
Denmark34 estimates that up until 2030, 4 million

ma large-scale solar heating will be established for
district heating mains that do not already have a sur-
plus of CO; neutral surplus heating in the summer.

Outside district heating areas, solar heat will be
integrated into the roofs of buildings or small local
systems will be created where large-scale operating
advantages can be gained. The idea is that 90 % of
the buildings outside the district heating system will
have had solar heat integrated by 2030. Half of these
plants are dimensioned so that they cover 20 % of the
building's total need for heating and are located to-
gether with disconnectable heat pumps and biomass
boilers. The remaining half of the plantsis dimen-
sioned so that they cover 40 % of the building's total
need for heating and are located in areas with boil-

33. In2020,itisassumed that half of the necessary plants will have
been erected, but no further expansion isimplied after 2030.
34. Heating Plan for Denmark, Rambgll and AAU, 2008

ers. Thisis an ambitious objective, but a significant
expansion of individual plantsis already currently
taking place, and this development may be assumed
to continue in line with the fall in the prices of solar
heat plants35 and the setting of further requirements
regarding the buildings’' energy supply.

For individual plants, heat pumps and solar heat can
be beneficially combined with a heating accumulator
that canincrease the efficiency of heat pumps36. These
plants have not been implemented here, however.

In order to ensure expansion and the use of solar heat,
requirements should be set regarding the use of ther-
mal solar heat outside the district heating areas, and
energy legislation and construction regulations should
be adapted so that energy saving requirements can be
fulfilled collectively in areas that have a common supply
based on renewable energy sources and waste heating.

WASTE-FUELLED COMBINED
HEAT AND POWER

The waste quantities are expected to fall by around 1/3
up to 204037. This assumes that a greater and greater
share can be reused, but it also assumes that the part
thatis not reused will go towards combustion.

Up until 2050, the expectation is that the efficiency
level of electricity and the total efficiency level will
increase significantly by virtue of the fact that all
new plants are combined heat and power plants, that
low temperature district heating has been promoted,
that the technology continues to improve, and that
new plants have flue gas condensation or condensa-
tion with the help of heat pumps. It is also assumed
that cooling away in the summer can be removed
through a combination of the following measures:

35. Integration of thermal solar heat for both water and residen-
tial heating in construction can on average be implemented
for DKK 35 000 per building (home) at 2006 prices and is
expected to fall to DKK 25 000 per building during 2030-2050.

36. Anexampleisthe SUNWELL concept, developed by N. K. Knudsen.

37. Heating Plan for Denmark
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= improved intermediate deposition, and/or sorting
of organic waste

= transmission of surplus summer heating to neigh-
bouring cities

= seasonal storage of heating in dam storage in con-
nection with geothermics.

GEOTHERMICS

Geothermics are currently utilised in two places in
Denmark - in Thisted since 1984 and in the metropol-
itan area of Amager since 2005, and a total of around
1/3 PJis produced. However, the potential to use geo-
thermicsin Denmark is far greater. A survey of the
potential in Copenhagen showed that the reserves
constituted 60 000 PJ as the reservoirs are heated
from the surrounding layer, which must be compared
with an annual need for 30-40 PJ of heating.

In theory, the whole of the Danish district heating need
of around 120 PJ can be covered by heating from geo-
thermics. However, it is not viable or physically possible
to establish a geothermic plant in all places. It is thought
that between 25 and 40 PJ of the need for heating can

be covered by geothermics by 203038 and, with further
collection of experience and technology development,
this share can be increased by 2050 according to needs,
and be combined with the other heating sources such as
waste heating. Geothermic plants are currently compet-
itive in many places. Itis expected that with the increase
in experience, new drill technologies and “the incorpora-
tion” of heating storage, the plants will be profitableina
large number of areas where they are not today.

A geothermic plant can supply around 5 000 households,
and it is thought that cities like Alborg, Brgnderslev,
Frederikshavn, Helsinggr, Hillergd, Hjgrring, the capital
city area, Neestved, Randers, Ringsted, Slagelse, Sgnder-
borg, Thisted and Arhus can be supplied with heating
from geothermic plants. Drilling normally takes place
down to adepth of 1-2.5 km and the water is normally
between 35 and 80 °C. The heat pumps for geothermics

38. Jesper Magtengaard, Dong Energy and www.geothermics.dk
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arenormally run on 160 oC heating from a combined
heat and power plant or otherwise.

Geothermics also have the advantage that they can
be used together with a storage hole for surplus
heating from things such as combined heat and pow-
er from waste or from heat pumps. Around 90 % can
bereturned and reused. Experiments with seasonal
storage are still lacking, however.

Figure 23: Geothermic plant model

The IDA Climate Plan 2050 assumes that geothermics
will cover 15 % of need for heating in central combined
heat and power areasin 2030, corresponding to the
establishment of around 8-10 plants in the large cities
and 10 % in decentralised combined heat and power
areas (number of plants depends on local conditions). A
storage option will also be established in combination
with combined heat and power from waste, so thatall
surplus heating from combined heat and power from
waste can be seasonally stored in 2030 in Alborg, Arhus,
Esbjerg, Odense and Copenhagen. In 2020, it is assumed
that half of these plants will be established, but no fur-
ther expansion is anticipated up until 2050.

STRATEGIC HEATING PLANNING

One condition to ensure the abovementioned reor-
ganisations and expansion of the heating system so
as to make it as efficient as possible is that both na-
tional and local heating planning be drawn up.



Geothermics in Denmark

Geothermic plant
near Thisted

Geothermic plant
near Amagerverket

I DONG VEA/S *), exclusive permit of December 8th 1983
to explore and extract geothermic energy

Centralkommunernes Transmissionsselskab I/S (18 %),

DONG VE A/S *) (28 %), Kgbenhavns Energi (18 %),

Energi E2 A/S (18 %) and Vestegnens Kraftvarmeselskab I/S (18 %),
permit of February 19th 2001 to explore and extract

geothermic energy in the metropolitan area

I DONG VEA/S *) (50 %) and Sgnderborg Fjernvarme A.m.b.a. (50 %),
permit of October 11th 2007 to explore and extract
geothermic energy in the Sgnderborg area

*) Operator of the permit

/] Application of November 12th 2008 from Dansk Geotermi ApS
about permit to explore and extract geothermic energy

R %) Application of 12. juni 2009 from Hals Fjernvarme Am.b.a.

about permit to explore and extract geothermic energy

Figure 24: Geothermics plant and permits in Denmark (The Danish Energy Agency 2008).

The purpose of the Heating Supply Act must be ex-
tended with a view to satisfying the thermal comfort
in buildings in the best socioeconomic way and with
the long term aim of reducing the emission of CO,.
The sociceconomic evaluation must take into account
the opportunities within all relevant areas, including
heating, cooling, electricity and weather screen.

The national strategy will mark out the frameworks and
thelocal heating planning will support the national tar-
gets based onlocal calculations. The technological terms
require the implementation of long-term planning that
takesintoaccount the fact thatit takes between 4 and 6
years to establish geothermics, for example.

Nuclear power

Nuclear power is not included in Danish energy plan-
ning and will not be included in IDA’s Climate Plan 2050.

There are several reasons for this. The construction
price of a nuclear power station is high. The plants
are most suitable for continuous production for
basicload operations for business and operational
purposes. The plants are not optimal for flexible and
fluctuating energy production (with wind), which
constitutes the backbone of IDA's Climate Plan 2050.

In addition a discharge of CO; occurs in connection
with the mining and enrichment of uranium. Fur-
thermore, Denmark has no commercial competence
of significance in the area.

Neitherisitlikely that Denmark has geologically secure
waste disposal locations and thus agreements with
other nations would be necessary, which would create
an uncertain situation. Secure transport and secure
waste disposals have thus not been completely solved
even where other nations have plans for disposal in
bedrock and equivalent geological occurrences.
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Agriculture, foods
and materials






summary:

Agriculture, foods and materials

Intermediate objectives, Climate Plan 2050

2015

* Drained soil removed from agricultural operations

* Reduction of nitrogen surplus in agriculture

= Better feed practice with emphasis on a lesser impact on the climate

= Doubling of the organic agricultural area

= Reduction of 1.6 million tonnes CO; equivalents from agriculture and food production in Denmark.

2030

*= Quadrupling of the organic agricultural area by around 25 %
» Reduction of 5 million tonnes CO; equivalents from agriculture and food production in Denmark.

2050

* Increase in biomass production on land to around 200 PJ and of marin biomass from algae to around 100 PJ
= Reduction of 9.5 million tonnes CO; equivalents from agriculture and food production in Denmark.
* Impact on the climate from diet will be 0.9 tonnes CO; equivalents per Dane per year for Danish and im-

ported foods.

MEANS

= Reduction of impact on the climate from agricul-
ture should be integrated into the agricultural
policy and into the principles for the allocation of
agricultural support and used to promote the im-
plementation of a number of environmental and
climate measures in agriculture.

Natural carbon capture, i.e. greater CO, uptake in
plants and carbon binding in the soil, should be
part of a future integrated nature and agricultural
policy and be promoted through changed criteria
for the allocation of agricultural support, which is
something that the EU is already open to.

The implementations of initiatives that promote
healthy and climate-optimal diet and reducing
household food waste. This can be done through
information campaigns, cook books, food price
mechanisms, etc. aimed at households, retail, the
food industry and restaurants and canteens. It

is estimated that there is need for a permanent
contribution of around DKK 50 million per year,
incl. resources, to continuously analyse the experi-
ences and further develop the activities.

All biomass initiatives should be environmentally
and socially assessed from a global lifecycle per-
spective. There is a need to develop legal frame-
works for municipalities’ and businesses’ involve-
ment of citizens, environmental organizations etc.
in planning and evaluation of biomass initiatives.

Aresearch and innovation programme for multi-
annual energy crops will be implemented with a
view to developing and using methods for analys-
ing environmental (including ecological, natural,
bio diversity and material flow) and social aspects
of Danish production of this form of energy crops.
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= Aresearch andinnovation programme for marine
based production of biomass from algae will be im-
plemented with a view to implementing environ-
mental and socially renewable Danish production
of biomass from algae.

= Research and innovation programmes for biomass
based materials and products from biomass for ag-
ricultural, forestry and marine areas will be com-
menced. The programmes must be based on involv-
ing commercial and environmental organizations
and must be focussed on integrated environmental
evaluation of innovation processes and the devel-
opment of strategies for market development of
various biomass based materials with a view to
reducing environmental and climate impacts from
the production and consumption of materials and
products. Arequirement of approximately DKK 200
million per year has been estimated.

= Development of long-term strategy for Danish
agriculture thatis based less on animal produc-
tion and more on a combination of vegetable and
animal products as a part of climate optimisation
and the safeguarding of employment and export. A
10-year development programme should be initiat-
ed with a grant of DKK 15 million per year with the
establishment of a dialogue forum and economic
funds to give interest groups the possibility of ini-
tiating analysis and dialogue projects.
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Agriculture, foods and materials

The use of surface area in society, including agricul-
ture, isin practice a competition between different
purposes. The limitations constitute many factors

- environmental requirements, aesthetic require-
ments, organic opportunities, economic opportuni-
ties and other social factors. Agriculture currently
produces and is also expected in the future to pro-
duce raw materials for foods, energy and materialsin
cooperation with a number of industries.

Agriculture as producer of foods,
energy, feed and materials

Opportunities to reduce greenhouse gas emissions
from the production of foods, energy, feed and ma-
terials depend on the conditions that are set up for
future production and consumption:

= Will the food production have the composition that
it has today where 80 % of the agricultural area,
both globally and in Denmark, is used for the pro-
duction of feed for meat production?

= How will nature and environmental requirements
in the Water Framework Directive, the Biodiver-
sity Convention, etc. be satisfied?

= How will soil quality, including building up and
maintaining the carbon content in the soil, be as-
sured in the long-term?

= How large a share of the energy supply will depend
on biomass?

= Will Danish biomass also be able to supply Den-
mark with materials for construction, household
products, etc.?

The impact on the climate from agriculture and foods
can, as for all other sectors, be calculated on the ba-
sis of both a production and a consumption perspec-
tive3d. Calculations of Danish agriculture and food
production impacts on the climate from a national
production perspective, which is the perspective that
isused in the Kyoto Treaty, i.e. including foods for
export, but excluding feed importation, etc., around
2006 show a total impact on the climate of around

19 million tonnes COzequivalents per year. Of these,
around 12 million tonnes of the non-energy-related
constitute contributions from domestic animal di-
gestion, various decomposition processes linked to
the use of manure, and changes in the use of soil and
the significance of this to CO; uptake and release,
while around 7 million tonnes CO; equivalents origi-
nate from energy consumption in agriculture and the
food industry.

If Danish agricultural and food production impacts
on the climate are calculated from an international
production perspective, a climate impact from the
importation of foreign feed will be added, which is
around 25 % of the total feed consumption, corre-
sponding to around 16 million tonnes CO; equivalents
per year. This means that dansih agriculture seen in
ainternational perspective has a total impact on the
climate of 35 million tonnes CO; equivalents per year.

The biggest contribution to the impact of agricul-
tural and food production on the climate in Denmark
constitutes domestic animal digestion, laughing gas
from the leaching and evaporation of nitrogen com-
pounds, oxidation of carbon in humus, storage and
delivery of domestic animal manure and artificial
fertilizer and the energy consumption in agriculture
and industry.

39. Thelatter-mentioned also called an end user or end
consumer perspective
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If you calculate climate impacts from a consumption
perspective and look at the impact on the climate
linked to the Danish food consumption (i.e. including
the importation of feed and foods, but excluding food
exportation), the climate impactis around 2,8 tonnes
CO; equivalents per Dane per year, corresponding to
15-16 million tonnes CO; equivalents per year for the
Danish population’s total consumption.

The analyses presented later in the chapter show the
way in which the impact on the climate from Danish
production and consumption of foods can be reduced
by reducing food waste, changing dietary habits as
regards the national dietary advice, i.e. including
less consumption of dairy products, meat and meat
products and greater consumption of vegetables and
certain types of fish, and a more environmentally
friendly agricultural practice. The potential for re-
duction depends on how a change in dietary habits
of the Danish people affects the total future Danish
agricultural production: if a reduction in the Danish
consumption of animal foods does not lead to reduced
production butleads to an increase in the exporta-
tion of the same products, the reduction of the cli-
mate impact will be considerably less.

There is an opportunity for an increase in the pro-
duction of biomass from the current agricultural
area - over and above the production of foods (from
a calorific content of around 87 PJ to around 207

PJ) - corresponding to an increase of around 120

PJ. Add to this thatitis deemed possible to produce
biomass from Danish marine areas in form of algae
corresponding to a calorific content of around 100 PJ.
The way in which this increase in the production of
biomass will affect the climate impact from Danish
production and consumption depends, among other
things, on the types of biomass concerned, including
which CO; binding is achieved through cultivation
and the way in which the biomassis used. If no great-
er CO;uptake in plantsis achieved and biomass are
used to a great extent for combustion, the reduction
of the climate impact will be limited.

70 | THE IDA CLIMATE PLAN 2050

The IDA Climate Plan 2050 proposes that the biomass
be used for a combination of feed, manure, and bio-
mass-based materials (discussed in this chapter) and
combined heat and power production in biogas plants
(see chapter on energy systems and energy produc-
tion), and biofuels for transport (see chapter on
transport). In The IDA Climate Plan 2050, the future
production of biomass-based materials is analysed
through calculations of the need for biomass and ag-
ricultural area linked to a few examples of possible
future biomass-based materials.

Looking at Denmark in isolation, as proposed by the
Kyoto Protocol, is slightly misrepresentative since
both foods and biomass are international products.
There will also be competition between different
utilisations of biomass (feed/foods v energy v materi-
als), so energy crops will compete with energy crops
from other places in the world. Conversely, on the
basis of principles of recirculation and proximity
and on the basis of a desire in the future not to solve
the Danish climate commitment by simply importing
materials from larger foreign areas than today, it is
important to analyse the climatic aspects of Danish
agriculture. It is therefore necessary to carefully
assess the future production of different types of
foods and biomass and the extent to which this will
lead to competition for acreage on land and at sea,
nationally and internationally. Evaluations of the
environmental effects of changes in the production
and consumption of different forms of foodstuffs and
biomass with a view to affecting emissions of green-
house gasses, nutrients and pesticides, biodiversity
and the ground water status are also required.

One basis for the development of a climate strategy
for agriculture, foodstuffs and biomass for energy
and materials has therefore been that the climate
impact must be reduced without negatively effect-
ing other environmental parameters, as well as the
fact that cultivated land in Denmark must not be
“increased” and thus more foreign land be cultivated
than previously.



Impact of foods on the climate

Seen from an earth to table perspective (lifecycle
perspective), foods contribute to the climate impact
in all ways. The main types of contribution in the dif-
ferent parts of a general “from earth to table” food
product chain are seen in Figure 25 and 26.

Agriculture and fishing

= CH, from domestic animals and domestic ani-
mal manure

= N,O from application and decomposition of
domestic animal and commercial fertilizer and
leaching of nitrogen from the soil

* CO;from combustion of carbon in the humus layer
of the soil, including CO; from changes in area use
(e.g. felling of forest for the cultivation of crops)

= CO;from direct energy consumption for ma-
chines, etc.

* CO;from indirect energy consumption for the
production of aids, particularly fertilizers

Figure 25: Climate contribution from agriculture and
fishing.

Food production

* CO;fromdirect energy consumption (depending
on energy source) for processing and storage

* CO;fromindirect energy consumption for pro-
duction of packaging

Food distribution

* CO;from transport (depending on engine type
and fuel)
= CO;fromdirectenergy consumption for storage

Food consumption

= CO;from transportinconnection with purchase
(depending on type of transport and fuel)

= COprelated todirect energy consumption dur-
ing storage and preparation

Figure 26: Climate contribution from food.

The size of the climate impact from the various stag-
es of a product chain for a foodstuff depends on the
efficiency of the different processes, i.e. which waste
occurs, e.g. in the form of foods that are discarded in
connection with distribution and consumption.

The climate impact from the overall food sector
depends on which foods are produced and in which
guantities. There is thus a substantial difference in
climate impact from different types of food, some-
thing that is illustrated by the following CO, pyramid
where a number of foods are located according to
their impact on the climate, so products with the big-
gest impact per kilo are located a the top. As shown
by the pyramid, a number of animal products have a
relatively high impact on the climate while there are
differences within the individual food groups40

40. Updated figure from Philip G. Lund & Lars K. Madsen.
Climate Effect of Meals, Project, DTU Management 2008,
which illustrates the difference between climate impact
within and between different groups of foodstuffs. The
figureis first and foremost based on figures for energy
consumption from Carlsson-Kanyma, Ekstrém & Shana-
han 2003: Food and life cycle energy inputs: consequences
of diet and ways to increase efficiency, Ecological Econom-
ics, vol. 44, pp. 293-307. The article calculates energy
consumption in a lifecycle perspective, including trans-
portinagriculture and industry. In certain cases differ-
ent forms of processing the same foodstuffs are shown
in order toillustrate the significance of the manner of
processing. In certain cases the figures used in the pyra-
mid are averages for an entire foodstuff group.
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8-20 kg COz-eq/kg

2-8 kg COs-eq/kg

-------------- - 0-2kg
CO;-eq/kg

Figure 27: CO; pyramid based on (Lund & Madsen 2008).
(LULUCF contribution not included)

LISTINGS FROM A PRODUCTION
AND CONSUMPTION PERSPECTIVE

From a production perspective on foods, the impact that
arises from the production in a country (including that
which is exported) is listed. A production perspective
can be national where, for example, the importation

of feed, artificial fertilizer, etc. and the climate impact
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from their production beyond the country’s borders
isnotincluded or international where the impact of
importation is included. As previously mentioned, the
Kyoto Protocol adopts a national production perspec-
tive, since the impact on the climate that takes place
within a country’s borders is assessed, but not the im-
pact that originates from import for the production.



A consumption perspective assesses the impact that
originates from that which is consumed in a coun-
try (including the impact of importation), while the
export from the country is deducted, e.g. the impact
from the substantial share of Danish-produced pork
thatis exported is deducted from a Danish consump-
tion perspective.

As far as Denmark’s is concerned, there is a major dif-
ference in calculations and strategies from a produc-
tion and a consumption perspective, since Denmark
exports a great deal of food, e.g. it has a self-suffi-
ciency level of 622 % for pork, of for 228 % cheese, of
157 % for butter and of 139 % for poultry4!. Thatis to
say that Denmark exports around 80 % of the produc-
tion of pork, around 60 % of the quantity of cheese
produced, etc. In other words, there is a considerable
difference, not least where some of the animal prod-
ucts are concerned, from a production and consump-
tion perspective. At the same time, as mentioned
earlier, Denmark imports food that corresponds to
around 25 % of the Danish food consumption, also
including imports of some animal products.

The following assesses both a production perspec-
tive (both national and international where possible)
and a consumption perspective of Danish agriculture
and foods.

PRODUCTION PERSPECTIVE ON FOOD

Denmark’s acreage constitutes a total of 4 310 000
ha, 62 % of which are cultivated42 and around 80 % of
the agricultural area is currently used for feed pro-
duction43. The Danish feed production covers around
75 % of the feed use in Denmark in terms of weight,

but only 58 % in terms of protein, i.e. some feed is im-
ported#44, particularly soya protein4s.

The climate impact of agriculture itself is often
divided among the energy related greenhouse gas
emissions, i.e. from the consumption of energy for
tractors, in stalls, greenhouses, etc., and the non-en-
ergy-related emissions that arise from decomposition
of nutrition, domestic animals’ digestion, etc. This
chapter first and foremost analyses the non-energy-
related emissions, since the chapter on industry
analyses the energy consumption and the optimisa-
tion thereof in all businesses. To give a full picture of
the climate impact that is linked to agriculture and
foods, however, energy consumption is also touched
onin the analysis of agriculture and foods.

An analysis from 2003 (= see table 4) shows that the
greatest contribution to agriculture’s impact on the
climate in Denmark consists of domestic animals’ di-
gestion (around 20 %), laughing gas from leaching and
evaporation of nitrogen compounds (around 20 %), 0x-
idation of carbon in humus (approx. 17 %), the energy
consumption (approx. 15 %) and storage and delivery
of domestic animal manure (approx. 15 %) and artifi-
cial fertilizer (approx. 8 %)46. The table shows that the
total national impact on the climate from agriculture
itself in 1990 was around 18 million tonnes CO; equiva-
lents, while the impact in 2003 had fallen to around

14 million tonnes CO; equivalents, of which around 12
million tonnes were non-energy-related and around 2
million tonnes were from the agricultural energy con-
sumption (tractors, etc.). The fall is attributed particu-
larly to the reduction in the use of artificial fertilizer,
reduced energy consumption and greater carbon bind-
ing in mineral soil.

41. The Agricultural Council of Denmark (2008): Energy statis-
tics. Danish Agriculture 2006

42. In 2007 2663000 ha were cultivated

43. The Agricultural Council of Denmark (2008): Energy statis-
tics. Danish Agriculture 2006

44. Feedcorresponding to 25 % of the feed weight and around
40 % of the protein content

45. The Agricultural Council of Denmark (2008): Energy statis-
tics. Danish Agriculture 2006

46. Evaluation from Olesen et al, 2004
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! Source

Endring (%)

Metane (CH,) Domestic animals’ digestion 3.05 2.66

Domestic animal manure 0.75 0.99

Reduction biogas plant 0.00 -0.02

Total 3.79 3.63 -4
Laughing gas (N;0) Domestic animal manure 0.66 0.55

Grazing 0.29 0.27

Artificial fertilizer 2.35 1.17

Domestic animal manure spread 1.08 1.06

Slurry spread 0.02 0.06

Ammonia evaporation 0.53 0.38

Leaching 3.35 2.22

Nitrogen fixation 0.27 0.20

Cropremains 0.35 0.32

Humus 0.07 0.07

Reduction biogas plant 0.00 0.01

Total 8.97 6.31 -30
Carbon dioxide (COy) Energy consumption 2.42 2.13

Liming 0.56 0.23

Carbon in mineral soil -0.14 -0.63

Carbon in humus 2.60 2.42

Hedging 0.02 -0.13

Forestation 0.00 -0.11

Miscellaneous 0.13 0.12

Total 5.59 4.03 -26

Table 4: Agriculture’s greenhouse gas emissions in 1990 and 2003 and change 1990-2003 (Olesen et al. 2004).

There is a very substantial difference between how
far different soil types affect the impact on the cli-
mate. While mineral soils helps to reduce the impact
on the climate, oxidation of carbon from drained soil
helps to increase the impact on the climate, and con-
stitutes 15-20 % of the impact on the climate, while
these soils constitute only 5 % of the agricultural
area and lead to a relatively low outcome.

Also, some imported feed is cultivated in areas where

timber used to grow or that were wetland areas, i.e.
the natural area is used for other purposes, like with
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Danish soil drainage, for example. Such changes to
the natural surroundings lead to a greater impact on
the climate as a consequence of combustion of the
previous growth and oxidation of the carbon layer of
the soil that canlast for up to 30 - 40 years4”.

47. Thenon-energy-related greenhouse gases from agri-
culture that are attributed to changes in area use and
changes associated therewith to the absorption and emis-
sion of CO; from the soil and vegetation are often jointly
called “Land Use and Land Use Change and Forestry”,
abbreviated to LULUCF.



Organic agriculture has a number of environmental,
natural and health benefits compared with conven-
tional agriculture, as a consequence of greater crop
diversity, use of organic manure instead of artificial
fertilizer, lower nutrient surplus in the soil, etc.48
This form of cultivation also influences the climate
impact from foods. Studies highlight the fact that the
climate impact per kilogramme organic greenhouse
vegetablesis greater than that of conventional veg-
etables as a consequence of a lower outcome per m2
greenhouse, while the impact on the climate of an
animal product like pork is less because organic ag-
riculture typically has a lower nitrogen surplus than
conventional agriculture, and thereby gives rise to a
lower production of laughing gas.

A calculation of agriculture’s and the co-owned food
processing's energy consumption calculated as prima-
ry energy consumption and the energy-related green-
house gas emissions in 2006 can be seen in Table 5.

Agriculture uses around 50 % of the energy, horti-
culture around 10 %, the dairies around 13 % and the
butchers around 11 %. The table shows a major differ-
ence between the use of the different forms of energy
in the different shares of food trade. Assessed by prod-
uct groups, the energy consumption in pig production
in agriculture and processing at the butchers consti-
tutes 29 % of the energy consumption. The consump-
tion of energy has been fairly constant since the mid
1990s, and there have also been no major changes in
the roles of the different energy sources. These figures
conceal areduction in the energy consumption of pri-
mary agriculture and a corresponding increase within
supply and processing. There has been a reduction of
around 10 %, in the sector’s total electricity consump-
tion through horticultural savings49.

If the non-cooperatively-owned share of the food
industryis assumed to have emissions of the same
magnitude as the co-owned supply and processing,
i.e.around 2 million tonnes CO; equivalents, agricul-
ture and the food industry have total energy-related
greenhouse gas emissions of around 7 million tonnes
CO; equivalents. The same with the previously men-
tioned non-energy-related greenhouse gas emissions
from the decomposition of nutrients in the soil, etc. of
around 12 million tonnes CO; equivalents means that
there are total greenhouse gas emission from agri-
culture and the food industry in Denmark (national
production perspective) of around 19 million tonnes
CO; equivalents per year.

If you want to assess an international agriculture and
foods production perspective, itis necessary to also
involve the foreign feed production and the produc-
tion of artificial fertilizer, etc. A step in the direction
of such a calculation is to start from the basis that
around 25 % of the feed for Danish agriculture is, as
previously mentioned, imported. In particular this
concerns protein feed, as 42 percent of the protein

in animal feeds is imported50. The LULUCF effect of
foreign feed is central since, as previously stated,

the global average amounts to 16 kg CO; equivalents
per kg meat. If it is presumed that the climate impact
from foreign feed production for Danish animals (in
total approximately 2.4 million tons meat) is based
on this LULUCF effect, this corresponds to a climate
impact of 0.42 x 2.4 x 16 = approximately 16 million
tons CO; equivalents per years!. This means that seen
from a global level, Danish agricultural production
has an overall climate impact of 19 + 16 = 35 million
tons CO; equivalents per year. The international
production perspective isnot used in IDA’s Climate
Plan 2050, however it is of interest in relation to what
Danish production means from a global perspective,
and this perspective may be relevant in future inter-
national climate agreements

48. Alrge & Halberg (red.): Development, growth and integrity
of the Danish organic sector. Vidensyntese [Synthesis of
knowledge], ICROFS, 2008

49. Danish Agriculture in Figures 2008

50. Danish Agriculture in Figures 2008

51. Evaluation of Torben Chrintz 2009 on the basis of FAO:
Livestock's long shadow. Environmental issues and
options, 2006
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: CO; equiva-

0il Natural Elect- | District : { Remew- | a1 gross |
H .. : . : : able : : lents, 1000
: products ricity : heating : i energy, TJ
g g g i energy g tonnes
. 2390
Agriculture 19777 840 197 12556 0 119 2554 36 045
. 489
Horticulture 1633 1154 2001 625 1969 12 60 7 454
Totalprimary | 5, ;) 1994 2198 13181 1969 131 2614 43 499 2879
agriculture
Supply and
processing 7 668 8191 1508 10127 397 58 2l 27 969 1888
(co-owned)
Total
co-owned 29078 10 185 3706 23308 2366 189 2635 71468 4777
food trade

Table 5: Agriculture’s and the co-owned food processing’'s energy consumption and the related greenhouse gas
emissions assessed as primary energy consumption and CO; equivalents in 2006

(Agricultural Council of Denmark, 2008).

CONSUMPTION PERSPECTIVE ON FOODS

Denmark has had a tradition of implementing na-
tional dietary surveys since the 1990s. Using figures
from such surveys along with figures for the climate
impact of individual foods from the lifecycle perspec-
tive, itis possible to perform a calculation of the Dan-
ish food consumption’'s impact on the climate from a
consumption perspective, i.e. a perspective that also
includes the import of foods, but where the agricul-
tural exportis conversely notincluded. A calculation
based on 14 different food groups is shown in table 6.

The table shows that the biggest contribution comes
from animal products that account for more than

50 % of the impact on the climate (by adding the num-
bers for milk, cheese, meat and poultry from the ta-
ble). Different forms of calculation show very differ-
ent figures for the Danish meat consumption, which
is particularly crucial since meat, as shown by the
table above, is a product that has a high impact on
the climate. While the table above shows an average
annual meat consumption per Dane of around 50 kg,
Statistics Denmark shows an annual meat consump-
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tion of around 93 kg and a calculation from the World
Resources Institute shows 140 - 145 kg per Dane per
year in 200252. According to the last calculation the
Danish meat consumption is one of the highestin the
world. The differencesin the various calculations
can be attributed to the calculation method, e.g. if
you count in quantity on the plate or quantities sold
by butchers to the retail trade. It isimportant in the
further work with a Danish climate strategy in the
food area to clarify such incompatibilities in con-
sumption calculations.

52. http://earthtrends.wri.org/searchable_db/index.php?
step=countries&cIlD%5B%5D=505theme=8&variable_
ID=192&action=select_years (4 May 2009)


http://earthtrends.wri.org/searchable_db/index.php?step=countries&cID%5B%5D=50&theme=8&variable_ID=192&action=select_years
http://earthtrends.wri.org/searchable_db/index.php?step=countries&cID%5B%5D=50&theme=8&variable_ID=192&action=select_years
http://earthtrends.wri.org/searchable_db/index.php?step=countries&cID%5B%5D=50&theme=8&variable_ID=192&action=select_years

Share of the diet’s
the climate annual impact

: \ : on the climate
g ESE Egl.;;\(f;l)ents i (weighted average for

Quantity per per Quantity per Danish Impact on

Food group adult Dane per day ' child per day
: (grams) (grams)

children and adults)

Milk and milk products 323 466 1.35 12.5
Cheese and cheese products 33 21 12.14 9.8
Cereal and bread 213 204 1.34 7.5
Vegetables (e.g. Potatoes) 157 124 1.57 6.2
Fruit (excl. juice) 204 178 1.66 8.8
Meat and meat products 108 87 10.23 27.7
Fish and fish products 21 11 6.95 3.5
Poultry and poultry products 23 19 2.71 0.7
Eggs and egg products 17 12 1.65 14
Fats and fat products 35 32 3.05 13.2
Sugar and suchlike 34 41 1.73 2.6
Beverages,‘excl. water, milk, juice 1357 390 0.41 13.2
and soft drinks

Potatoes 102 71 1.03 2.6
Juice 73 94 0.78 1.6
:::;:ge(;:;;g)mption per Dane 2700 1750

e et on the cimateper

Table 6: Current food consumption in grams per Dane for adults and children respectively and the consumption’s
contribution to the impact on the climate in tonnes CO; equivalents per Dane per year as a weighted average for chil-
dren and adults53

53. Calculations performed on the basis of Danish food habits 1995 - 2006: Status and development with a focus on fruit, vegetables
and sugar, National Food Institute 2008, (Carlsson-Kanyama et al 2003) and (Lund and Madsen 2008) covering individual food
habitsin alifecycle perspective from agriculture or fisheries up to the processed foodstuffs, however excluding consumer
transport. By taking as its basis foodstuff consumption's individual productsin a lifecycle perspective, it is possible to propose
changes in consumption as part of a climate strategy. Typically only the environmental impacts that are closely related to the
production of individual foodstuffs are included in this way and not the impacts that relate to the production of machinery
and other forms of equipment that are used in a product’s lifecycle. On the other hand, this form of impact will be included in
so-called input/output calculations, which leads to a certain uncertainty in the figures, as some rough conversions from value
to the volume of material etc. must be calculated for entire product groups. Here cited from Danish Agriculture in Figures 2008
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The climate impact can thus be reduced if foodstuff
consumption is changed. This knowledge can be used
by individual consumers to change to a food that is
both healthy and climate friendly, however it can
also be used in all the aspects where the publicis
responsible for food or where private businesses are
responsible for the operation of canteens, restau-
rants etc.54

The above calculation includes a number of climate
impacts that are outside of Denmark since the food
investigations do not take into consideration wheth-
er foodstuffs or feed is from Denmark or from abroad.
An average figure is thus used for the food goods
where figures for products from different parts of the
world have been available. As previously stated, 25 %
of feed for Danish agriculture isimported and the
foodstuff import itself is of the same order of size -
approximately 25 %.

PROPORTION OF CLIMATE IMPACT FROM
THE TRANSPORT OF FOODSTUFFS

A calculation of the transport contribution from
different Danish and foreign foodstuffs sold in Den-
mark reveals that the transport of a product from
raw goods production and processing up to the re-
tail chain can amount to up to 2/3 of climate impact
for imported fruit and up to approximately 15 % for
imported meat (including transport of feed)ss. Con-
versely, the climate impact from Danish greenhouse
gases may be significantly higher than equivalent
imported products from southern Europe, also in-
cluding transport from southern Europe to Denmark,
as aresult of major energy consumption for heating
and lighting Danish greenhouses.

54. Seeamore thorough description in the IDA sustainabil-
ity report “Green Future - Steps towards a Sustainable
Development

55. Charlotte Jensen: Significance of Transport on the Envi-
ronmental Impact of Foodstuffs Bachelor project, DTU
Management 2008
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FOOD WASTE

In order to obtain calculations from a consumption
perspective based on the quantity of foodstuffs that
are produced (and thereby have impacted on the cli-
mate) and not only the quantity that is eaten, a figure
for food waste must be added to the above figure. An
examination of food waste from England shows that
approximately 30 % of purchased foodstuffs end as
waste. Danish calculations indicate the same order
of size. The English investigation revealed that 2/3 of
food waste is thrown out (called “avoidable” waste)
whilst one final third is carrot peelings etc. (called
“unavoidable” waste). This means that approximately
20 % of purchased foodstuffs end as wastes6é that can
be avoided>”.

The climate impact of 1.4 tons per Dane per year cal-
culated in Table 6 is thus only a token of the climate
impact from approximately 70 % of purchased food-
stuffs. The climate impact for total foodstuff con-
sumption including food waste is thus approximately
2 tons CO; equivalents per Dane per yearss.

IMPACT FROM CHANGES IN LAND USE

A calculation of the climate impact of foodstuff's pro-
duction from the perspective of consumption should
alsoinclude the climate impact from changes in land
use upon clearance and subsequent cultivation of
forest areas or wetland areas in the form of the pre-
viously stated LULUCF emissions, which can thus be
connected to the agricultural part of a foodstuff's
production. In this case, animal products in particu-
lar, as previously stated, are the cause of such emis-
sions. As a rough estimate for LULUCF, the oxidation

56. Of approximately 20 %, approximately 8 % is waste that
isdue to prepared meals, whilst approximately 12 % of
purchased food is thrown out without being prepared due
to over purchase.

57. The food We Waste, WRAP 2008

58. This figureisalittlelower than the calculation by Chrintz
2009 of foodstuff consumption’s total climate impact eval-
uated using input/output analyses, which show a climate
impact per Dane of approximately 2.4 tons CO; equivalents
per Dane per year.



of coal in drained earth for Danish feed as shown in
table 4 can be estimated to be approximately 2.4 mil-
lion tons CO; equivalents per year for 58 % of the feed
for 2.4 million tons meat - equivalent to a contribu-
tion of approximately 0.58 kg CO; equivalents per kg
meat. For the 42 % of foreign protein feeds, the global
average of 16 kg CO; equivalents per kg meat applies—
equivalent to a contribution of 6.72 CO; equivalents
per kg meat.

An average for the feed's LULUCF contribution is
thus approximately 7 kg CO; equivalents per kg meat.
If thisis calculated with a gross meat consumption
per Dane of approximately 93 kg per year and a LU-
LUCF contribution of 7 kg CO; equivalents per kg
meatincluding waste is added to the climate impact,
this means an LULUCF contribution of approximately
0.7 tons CO; equivalents per Dane per year, and thus
the total climate impact from an average Dane's food
is approximately 2.8 tons CO; equivalents per Dane
per years9.

Proposal for reducing the
climate impact of agricul-
ture and foodstuffs

In the following section a range of options are pre-
sented for reducing climate impact on the basis of
analyses of the extent and causes of climate impact
from the agriculture and foodstuffs that are present-
ed in the previous section.

REDUCTION OF FOOD WASTE IN HOUSEHOLDS

Itis expected to be possible to halve “avoidable” food
waste in households so thatin future “only” a waste
of 10 % of purchased products will be achieved (in ad-
dition to “unavoidable” waste of approximately 10 %).
On the assumption of a total current climate impact
of 2.8 tons CO; equivalents per year, the reduced
waste will lower food consumption by 10 % - equiva-
lent to areduction in impact of approximately 0.28
tons CO; equivalents per Dane per year.

Ifitis assumed that waste today is equally divided
into different food groups and between imported
and exported goods, and 75 % of Danish food con-
sumption is produced in Denmark, the savings from
a national production perspective (if it is assumed
that reduced waste leads to reduced purchase and
production) will be approximately 0.21 tons per Dane
per year, equivalent to a total of approximately 1.2
million tons CO; equivalents per year for the part of
production consumed by the Danish populationto.

CHANGING FOOD HABITS

If Danes ate more in line with national food guid-
ance and at the same time the selection of foodstuffs
within individual food groups was performed on an
optimal basis in terms of climate (e.g. mussels and
shellfish instead of prawns), the climate impact from
the Danish population’s food in 2050 could be reduced
by approximately 30 % though reduced consumption
of diary products, meat and meat products as well as
increased consumption of vegetables and fish, where
these are also chosen in the most optimum climate
terms for these product groups. In terms of milk this
is calculated at a reduction of 10 %, for cheese ata

59. This figureis somewhatlower than the calculation of
Chrintz 2009 of foodstuff consumption’s total climate
impactincluding LULUCF effect evaluated using input/
output analyses of approximately 4.1 tons with LULUCEF,
where the global LULUCF value for the entire meat
consumption is applied. The difference of approximately
50 % is due to the fact thatin Chrintz's calculation the
global average for meat’'s LULUCF impact is applied to all
of Danish meat production.

60. The assumption of equal distribution is based on the
following considerations: A large part of the reduced
climate impact will come from reduced waste of meat
products as this contributes to a significant proportion of
overall climate impact. Conversely, part of the reduction
from reduced waste meat products will occur abroad from
savingsin foreign feeds, which have a very high climate
impact, see the calculations of meat’'s LULUCF contribu-
tion to climate impact.
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reduction of 50 % and for meat and meat products at
areduction of 75 % in 2050. The proposal for reduced
consumption of meat and meat products must be
seen in addition to health benefits in light of the aver-
age meat consumption per Danes, which as stated is
amongst the highestin the world.

A detailed analysis of typical Danish midday meals
from the most recent national food investigation
demonstrates that it is possible to reduce climate
impact from midday meals by approximately 40 % by
eating more vegetables, more fish and more poultry
and at the same time eating less beef and veal - e.g.
by changing the proportion of meat and vegetablesin
individual dishes or by eating purely vegetable dish-
es 1-2 times a week. The consumption of fish must
simultaneously be changed in the direction of greater
consumption of less climate impacting fish such as
mackerel and herring and reduced consumption of
cod and salmon6?.

A 30 % reduction of the climate impact from food is
equivalent to areduction of an average 0.84 tons CO;
equivalents per Dane per year. If it is assumed that
thisreduction is equally distributed between Danish
and foreign foodstuffs, the reduction for the 75 % Dan-
ish produced section of consumption will be approxi-
mately 0.63 tons CO; equivalents per Dane per year,
equivalent to 3.5 million CO; equivalents per year.

A more climate friendly
Danish agriculture

It will also be possible to reduce the climate impact
from foodstuffs through more climate friendly prac-
tice in agriculture and different use of agricultural
land. Table 7 shows a range of proposals for reducing
the climate impact from Danish agriculture with a

61. Thisconcernslong-term changes, as current fish quotas
can be expected to lead to more difficult changes in the
supply (capture) of fish.
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focus on cultivation practice with less nitrogen ex-
cess in the earth, cultivation of multiannual crops
on areas that are released from feed production as a
result of lower meat and milk production as well as
the removal of low lying ground from agricultural
operations.

In total these proposals resultin a reduction of agri-
culture’s climate impact from a national production
perspective of approximately 5.4 million tons CO,
equivalents per year from a current 12 million tons
related to the emission of methane and laughing gas
as well as the carbon content in the earth. In addition
there will be areduction in climate impact from an
increased level of biomass repression of fossil energy
(here considered as a repression of natural gas6?) - in
total approximately 3.7 million tons CO; equivalents
per year). The proposal for a reduced cattle popula-
tion and pig population is a consequence of the pro-
posal for food habits altering in the direction of re-
duced consumption of dairy products, meat and meat
products. In order for these changes to significantly
reduce climate impact (and not to be outweighed by
increased exports) whilst reducing the animal popu-
lation, it will necessary to release agricultural land
for the cultivation of multiannual energy crops, see
the released area of 300,000 ha.

Comparable analyses of the environmental impact
from the production of pork in different countries
indicate that Danish production is no less environ-
mentally damaging than production in Holland, the
USA and Brazil63. In other words, apart from environ-
mental considerations it could be argued that Den-
mark must maintain the greatest possible production
of animal products.

62. Proposal for multiannual energy crops, Uffe Jgrgensen,
Arhus University, 10th June 2009

63. Environmental Project 1028, the Danish Ministry of the
Environment 2005



: Reduction : q 8 .
Reduction : i Reduction Reduction

Mill tons CO; equiv potential : ::::::?; { potential potential Conditions
CH;+Nz0 - i Bioenergy Total :

Reduced N excess 1,48 1,48 Adutyof 12kr/kg N

Multiannual energy crops

(elephant grass) 0,33 0,99 2,76 4,08 At 300,000 ha

Wood chips for biofuel 0,55 0,55 }';tlilliirf:;i,ggtoef thinned trees and
Increased fat in cattle feed 0,44 0,44 563,000 dairy cows
Afforestation on high ground 0,06 0,26 0,32 100,00 ha afforrestation
Reduced cattle population (0,45) (0,45) 15 % reduction™

Reduced pig population (0,24) (0,24) 15 % reduction™”

200,000 N per year

Nitrification restriction 0,30 0,30 .
in trade manure
Animal manure for biogas 0,55 -0,09 0,35 0,81 45% of remaining slurry
Total 3,23 2,17 3,66 9,06 With consideration to overlap***

Table 7: Proposal for reducing the climate impact of agriculture calculated as a reduction in CO; equivalents.
Own calculations as well as (Olesen (red.) 2005), (Jgrgensen 2009)64 and (Ministry of Agriculture, Food and Fisheries 2008)65

Also includes a minor reduction in energy consumption during cultivation if it is assumed that replacement occurs from previ-
ous cultivation of corn.

An estimate evaluated on how great a section of the cattle population can be deemed to be connected to Danish consumption
of milk, cheese and beef.

An estimated based on areduction of 75 % of pork consumption also occurring in 2050. As there is currently a self-sufficiency
level for pork in Denmark of 622 % (Danish Agriculture in Figures 2008), a reduction of 75 % of Danish consumption will result
in areduction of approximately 15% of total pork production.

Itisassumed that the reduced climate impact from a reduced population of cattle and pigs isincluded in the reduction from
changed food habits, which also includes the impact from agriculture.

*k

Kk KKk

64. Proposal for multiannual energy crops, Uffe Jargensen, Arhus University, 10th June 2009
65. Agriculture and Climate Analysis of agricultural means for reducing greenhouse gases and its financial consequences, Ministry
of Food, December 2008
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Based on the stated proposal, increased conversion
to ecological agriculture may also lead to a reduc-
tionin climate impact since ecological agriculture,
as previously stated, often results in reduced nitro-
gen excess and thereby reduced climate impact than
conventional agriculture. A replacement of approxi-
mately 25 % ecological agriculture area in 2030 - i.e.
a quadrupling from the current approximate 6 % of
areas — willlead to a reduction in climate impact of
approximately 0.7 million tons CO; equivalents per
year. A reduced climate impact may also result from
more climate friendly ecological agriculture - i.e.
when current and future ecological agriculture is
performed in a more climate friendly way. A calcula-
tion of the potential for reducing gas from plant ma-
terial from ecological agriculture will be increased,
following which utilization of the gas toreturn the
part of degassed material to the earth is estimated to
be able to reduce climate impact by approximately a
further 0.4 million tons CO; equivalents per yeare6s.

If thisreduction is added to the aforementioned pro-
posal, whichis first and foremost aimed at conven-
tional agriculture, a reduction in climate impact from
Danish agriculture of approximately 7 million tons CO;
equivalents per year can be achieved excluding bio fuel
matter, and approximately 11 million tons including
biofuels (the reduction from biomass’s repression of
fossil energy isincluded in the calculations in the chap-
ter on energy systems and energy production).

The total reduction upon implemen-
tations of initiatives relating to food
production and food consumption

Seen from a national production perspective, the pro-
posals for changed practice by Danish consumers in
the form of a reduction in the climate impact from
reduced food waste (1.2 million tons CO; equivalents
per year) is as follows. If eating habits alter in accord-

66. Note from Michael Tersbgl, Ecological Land Association, 2009
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ance with food advice (3.5 million tons CO; equiva-
lents per year) and agricultural practice is improved
including a quadrupling of ecological agriculture (7
million tons CO; equivalents per year), this will result
in a total reduction of climate impacts relating to
Danish agriculture and food production of approxi-
mately 11.7 million tons CO; equivalents per year
from an annual impact of approximately 19 million
tons CO; equivalents per year — equivalent to a reduc-
tion of just over 60 %. The climate impact from Dan-
ish agriculture and food production (i.e. including
export) in 2050 will thus be approximately 7.3 tons
CO2 equivalents per year, corresponding to approxi-
mately 1.3 tons CO; equivalents per Dane per year. In
addition to this there will be reductions from energy
savings in agriculture and industry in line with other
businesses, as calculated in the chapter on industry
and production. Furthermore there will be a reduc-
tion from increased production and consumption of
biomass for energy purposes as a part of the substi-
tution of fossil energy of approximately 3.7 million
tons CO; equivalents per year, which is included in
the chapters on biomass (biomass for energy and ma-
terial purposes are discussed later in this chapter).

From an international production perspective, changes
in the climate impact from activities abroad relating

to supplies for Danish agriculture will also be included,
which first and foremost will concern the supply of
protein containing feed for animal production (the pro-
duction of artificial fertilizer is another foreign supply
in Danish agriculture that could be included). As a re-
duction of animal production of approximately 15 % in
2050 (= see table 7) is included, this will mean that the
foreign LULUCF contribution relating to Danish meat
production will be reduced by 15 % from 16 million tons
CO; equivalents per year - equivalent to 2.4 million tons
CO; equivalents per year, and thus the LULUCF contri-
bution will amount to 13.6 million tons CO; equivalents
peryear. This means that Danish agriculture's climate
impact from an international perspective in 2050 will
be 7.3 million tons CO; equivalents per year from activi-
tiesin Denmark and 13.6 from activities abroad, in total
approximately 21 million tons CO; equivalents per year
- equivalent to a reduction of only 40 %



Reduction

Climate plan 2050

19 million tons CO; equiva-
lents per year, of which 7
million tons CO; equivalents
per year from energy con-
sumption.

Danish agriculture and food
production from a national
production perspective
(total)

i in % of the basis

Approximately 7 million tons
CO; equivalents per year ex-
cluding improvements from
energy savings and biomass’s
substitution of fossil energy

Approximately 60 %

Danish agriculture and
food production from an
international production
perspective (total)

35 million tons CO; equiva-
lents per year.

21 million tons CO; equivalents
per year excluding improve-
ments from energy savings and
biomass's substitution of fossil
energy

Approximately 40 %

Danish food consumption
from a consumption per-
spective (total)

15.4 million tons CO; equiva-
lents per year.

5.0 million tons CO; equivalents

per year Approximately 68 %

Danish food consumption
from a consumption per-
spective per Dane

2.8 tons CO; equivalents per
Dane per year

0.9 tons CO; equivalents per

1 0,
Dane per year Approximately 68 %

Table 8: Summary of climate impact from agriculture and foodstuffs — basis and potential reductions in 2050

A combination of the stated proposal from a con-
sumption perspective for the average Dane's food
consumption resultsin the following reduction po-
tentials: The current climate impactrelating to a
Dane's annual Danish food consumption of 2.8 tons
CO; equivalents per year per Dane could be reduced
by 0.28 tons from reduced food waste and 0.84 tons
from changed food habits. The reduced climate im-
pact from more climate friendly Danish agriculture
of 11.7 million tons CO; equivalents per year will
onlylead to areduction in the climate impact of
Danish food consumption that is equivalent to the
Danish consumer’s share of Danish agricultural pro-
duction.

Asthereis a major difference with regards to the
Danish domestic market's consumption of agricultur-
al production, it will be necessary to perform certain
estimates. Feed production for animal production is
key and this amounts to approximately 80 % of agri-
culturalland. The domestic market's consumption of

feed consumption can be used as an indicator of do-
mestic market consumption’s share of agriculture’s
climate impact.

The Danish domestic market consumption's share of
milk (consumed as milk for consumption and cheese) is
estimated to be approximately 30 %; beef and veal are
likewise approximately 30 % and pork approximately
16 %67. Based on the relative volumes of the three
product groups, feed consumption related to domestic
market consumption is estimated to be approximately
20 %. The Danish consumption’s share of the reduced
climate impact from better agricultural practice can
thus be estimated to be 20 % of 11.7 million tons CO,
equivalents per year - equivalent to approximately 2.3
million tons CO; equivalents per year - equivalent to
0.4 tons CO; equivalents per Dane per year.

67. Own calculations on the basis of Danish Agriculture in
Figures 2008
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Similarly Danish consumption’s share of the LULUCF
effect from foreign feed is also estimated to be ap-
proximately 20 % - equivalent to a reduction in Danish
consumption’'s impact from a reduced LULUCF impact
of 20 % of approximately 2.4 million tons CO; equiva-
lents per year - equivalent to a further 0.4 tons CO,
equivalents per Dane per year. If the contribution from
the reduced impact of waste is added to changed food
habits and changed agricultural practice, the total re-
duction from a consumption perspective will be 0.28 +
0.84 + 0.4 + 0.4 =approximately 1.9 tons CO; equivalents
per Dane per year. This means that the Climate Plan's
proposal will result in a reduction in the climate impact
from the current average food consumption per Dane
of approximately 2.8 tons CO2 equivalents per year

to approximately 0.9 million tons CO; equivalents per
year - equivalent to a reduction of 68 %. No reductions
fromincreased use of biomass and energy savings in
agriculture and the food industry are included here.

Table 8 shows a summary of the climate impact from
agriculture and foodstuffs based on different per-
spectives and the reductions that can be achieved in
2050 if the plan’'s recommendations are realized.

The biomass potential for energy
and materials in Denmark

In addition to producing food, agriculture also has a
role in the production of energy and materials. In line
with an increased focus on the need to reduce the
use of energy and materials based on fossil energy
sources, the demands on the supply of resources for
energy and materials from agriculture will tremen-
dously increase. This may lead to increased pressure
on agricultural land and an increase in what the ag-
ricultural land is used for; see the discussion on food
habits in the previous section of the chapter.

In this part of the chapter, the opportunities for a renew-
able way of producing biomass for energy purposes are
analysed first and foremost, however the analyses of the
use of biomass for materials are more overarching.
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By far the majority of scenarios and prognoses for
the use of biomass that we have seen in recent years
have focused on the use of biomass for energy pur-
poses (electricity, heating, fuel for transport).

In principle, bioenergy could cater for the whole of
the world's energy supply but, in reality, the technical
and economic potential is much lower. In 2008, bio-
mass in Denmark accounted for approx. 7 % of energy
consumption. The average in developing countries is
around 35 % and, in the least industrialised African
countries, bioenergy accounts for up to 90 % of total
energy consumption6és.

Inline with focus on the need to substitute fossil-
based raw materials in general - and not merely raw
materials for energy purposes - there is increasing
focus on the integrated use of biomass, e.g. so-called
biorefining whereby primary energy products and
other products that are able to replace fossil-based
materials (e.g. for the chemical industry) are produced
at the same time as a number of agricultural products.

The integrated use of biomass from agriculture,
horticulture, aquaculture, fisheries and associated
industries is shown in the figure below.69

SCENARIOS FOR BIOMASS IN DENMARK

The considerations of the future production of biomass
for energy and material purposes in Denmark are partly
based on evaluations of the need for biomass and partly
on considerations with regards to nature and environ-
ment. In the table below the status of production and
imports of a range of forms of biomass, the Ministry

of Energy's proposal for Danish potential for biomass,
IDA’s proposal and potential from the Energy Plan 2030
aswell as the Climate Plan's proposal are shown.

68. http://www.risoe.dk/rispubl/Risnyt/risnytpdf/ris0403/
risnyt_4_2003.pdf

69. Biotechnological research strategy for non-food products
and feeds, 2006.
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Figure 28: Integrated use of biomass and secondary products resulting from agriculture, horticulture, aguaculture,

fisheries and associated industries

(Biotechnological research strategy for non-food products and feeds, 2006).

The differences in the different potentials of biomass
in Denmark (the Ministry of Energy, IDA's Energy
Plan and the Climate Plan) are due to differences in
evaluations of the yield from energy crops, the size of
area with such crops, the volume of straw that is nec-
essary for other purposes than energy, types of crop
and essential necessary environmental considera-
tions (pesticides, nutrient leaching, nature etc.).

The scenario upon which IDA’s Climate Plan 2050 is
built, compared with the potential identified in the
Energy Plan 2030, is a reduced use of straw for en-
ergy purposes (in order to maintain the potential for
use for ground structure, food and litter). It also has a
more environmentally cautious approach towards
energy crops onland in order to avoid too great a nat-
ural impact, both ecologically and aesthetically. Nei-
ther has it been evaluated whether there is potential
in slurry fibre, as foreseen in 2006.

THE IDA CLIMATE PLAN 2050 | 85



Consumption

g . Danish Potential in .

: ofDanishre- Import . IDA Energy IDA Climate
Ressource \PJ : — _  rces (ENS 2006) (g;t;:;";';) Plan 2030 IDApEl::rgy Plan 2050

(ENS 2006)

Straw 18 0,0 55 25 55 30
Wood 38 16,1 40 40 40 50
Slurry for 4 0.0 40 32 40 40
biogas
Fibre from 0 0 108 5
slurry
Multiannual 0 54 144 5o
energy crops
Biodegradable 30 0.0 30 30 30 30
waste
Algae 100
Total 90 16,1 165 180 417 307

Table 9: Resources of biomass for energy purposes in Denmark: Consumption 2006 and different scenarios. Figures

stated as PJ (in form of the fuel value of the different forms of biomass).

Conversely, in IDA's Climate Plan 2050 the scenario
includes a significant contribution based on algae, as
itis deemed that it will be more likely to improve the
sustainability of future energy consumption with
this crop than with a greater contribution of multian-
nual energy crops (where areas of natural sensitivity
may come under pressure as cultivation areas) or by
including a yet greater contribution from slurry. The
latter would lock Danish agriculture into very high
pig production for many years ahead. The potential
for the sketched production of multiannual energy
crops is possible due to land use, which as previously
stated would reduce animal production and thereby
reduce the need for fodder land. In this way it will

be possible to strengthen other forms of biomassin
these areas and at the same time to avoid using fal-
low and low lying areas, which will be used for com-
mercial biomass production. All these areas can thus
be taken out of agricultural operation.
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MULTIANNUAL AND ANNUAL ENERGY CROPS

In the majority of cases, the cultivation of annual
crops will eat into the earth’s carbon pool - however
the extent to which this occurs will depend on wheth-
er fertilization with animal fertilizer is performed or
whether straw is removed and decomposed. Multian-
nual energy crops are normally hardy and the quality
requirements for energy crops are less than for food
crops. The pesticide consumption in willow produc-
tion is therefore considerably less than in other
agriculture. The long growth season of multiannual
crops leads to major water consumption and willow
in particular consumes a great deal of water. This
may be a problem in eastern Denmark where precipi-
tationislimited and water consumption is high. On
the other hand, elephant grass consumes less water
than willow?70.

70. Uffe Jgrgensen 2009



The net energy yield from the production of biomass
highly depends on which crops are cultivated, and
which biomass productisintended as the end product.
Asagross estimate the following net energy yield (i.e.
where energy consumption for cultivation and re-
placementis deducted) is expected when producing:71

= Willow chips or whole seed corn 150 GJ/ha.

= Biogas from clover grass 60 GJ/ha.

= Ethanol and similar from whole seed 45 GJ/ha.
= Ethanol from wheat kernels 20 GJ/ha.

= Rape oil or bio-diesel from rape 15 GJ/ha.

The impact of the energy crops on nature and the
landscape is also a significant aspect when larger ar-
eas must be cultivated. For example, willow trees will
be 6 m high and thus fill alot of the landscape, whilst
elephant grass grows to the same extent as a maize
field and will normally be harvested each year7z.

Algae as a marine
biomass resource

As stated in the biomass scenario for 2050 it is deemed
possible to produce a total 100 PJ from algae for en-
ergy and material purposes. This is calculated based
on a combination of production of brown algae (macro
algae) in deep water equivalent to approximately 50
PJ and a production of green algae (micro algae) in low
water or in basins equivalent to approximately 50 PJ.

For both of these products this concerns concepts that
are currently still under development for biomass pro-
duction on alarge scale. Work is being performed on
brown algae on the Faeroe Islands and green algae on
Lolland. Developing these two concepts for production
to such a great extent involves a range of challenges of

71. Uffe Jgrgensen etc.: Energy from Biomass - Resources and
Technologies: evaluated from a regional perspective, DJF
ground use no. 134, January 2008

72. Uffe Jgrgensen 2009

a technological, biological and environmental nature,
which require comprehensive research and innovation
activities with the involvement of a range of players
and the integration of social and environmental con-
siderations in order to continuously perform thorough
and transparent — and thereby legitimate - evaluations
of improvement, potentials and barriers.

Brown algae are today known as raw goods in the pro-
duction of a food additive such as carrageen. Future
systematic production of this form of algae in the Dan-
ish marine areas may be expected to occur once algae
can be “cultivated” (grown) on lines that hang down
from one long mainline. It is estimated that produc-
tion of brown algae with a fuel value of 50 PJ per year
will require a marine area of 80 - 100 km? 73.

At the same time an essential condition for such pro-
duction is thatit can be combined with a production
of so-called “high value products” such as carrageen
etc., as 20 % of the brown algae’s mass can be used
for such productions whilst the remaining 80 % of
the biomass will be used for energy purposes. This
will presumably involve extensive quantities of such
high value products from Danish production in the
planning stage that it will affect the world's market
prices for these chemical substances. The manner of
algae production will thus depend not just on busi-
ness plans for biomass for energy but also on a range
of chemical substances. The concept is based upon
cultivating marine areas at a depth of water in which
this form of algae does not naturally grow. Whilst
this will mean that there is no risk of a shade effect
as per naturally occurring algae, it will entail intro-
ducing algae into areas in which it is not naturally
established. The production of green algae may be
performed at low water depths offshore, in basins or
in closed reactors. One of the challenges when cul-
tivating in low water is considered to be the effects
on ecosystems that may occur when comprehensive
production of biomass is established at low water.

73. Note from Gilli Trond and Viljhjamur Nielsen, June 2009.
Expertnote on Algae in Energy Production.
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Conversely, production can be expected to be estab-
lished in areas where there is a relatively high nutri-
tional content so that biomass production can simul-
taneously be used as a water treatment technology.
This might similarly occur when cultivating green al-
gae on land where there is a focus on nutrients from
wastewater and CO; from burning biomass in biogas
systems as nutrients for green algae production.

Thereis a particular focus on green algae as a source of
starch and thereby a basis for fermenting bioethanol.
This form of synergy is considered to be necessary for
establishing environmentally and economically renew-
able production of green algae on land. From an econom-
ical viewpoint, there are major costs when cultivating
intank systems, in harvesting processes and in drying
algae that contain a great deal of water that must be cov-
ered partly by a high yield (100 - 150 tons dry substance
per hectare - equivalent to 10 times the productivity

for corn) and partly by the stated financial synergy with
systems that have an excess of CO; and heat74and7s,

The closed reactors are clearly the most expensive in-
vestment - approximately USD 1 million per acre - ap-
proximately 25 times more expensive than establishing
open basins on land”6. As a result of the major costs
when establishing production on land there is therefore
alsointerestin establishing green algae systems in low
water areas. However low water based systems may
also be expensive in investment and operation, as major
investment will be required in equipment for harvest-
ing and transporting the harvested algae on land.

Cultivation of green algae at sea with a fuel value of
approximately 50 PJ - equivalent to approximately
50 % of IDA’s Climate Plan’s estimated requirement
for biomass for transport in 2050 will presumably
require an area of approximately 40 km277

74. http://videnskab.dk/content/dk/miljo_natur/alger_skal_
satte_skub_i_biogasanlag (29. juni 2009)

75. http://ing.dk/artikel/84439-danske-forskere-dyrker-alger-
til-biobraendstof-med-kraftvaerksroeg (29. June 2009)

76. http://wind-sea-algae.org (29th June 2009)

77. Gilli Trond and Vilhjamur Nielsen
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System for combined production
of energy, feed and materials

Based on an area estimate, multifaceted use of some
biomass, e.g. the use of straw from corn production
for both food and ethanol, will release further areas
for energy crops - in addition to approximately 15 %
of the current agricultural area that is released upon
the stated reduction of animal production. For ex-
ample, fodder proteins under current animal produc-
tion is deficient and when selecting replacement and
refinement processes thisratio should be taken into
consideration when processing crops in order that
fodder protein imports can be reduced.

Such multifaceted use in so-called bio refineries will
mean that it is not always sensible to form estimates
of how much biomass in the form of volume based on
weight, volume based on energy content or cultivated
areas should remain for energy production and how
much may be left aside for chemical substances and
products.

Danish projects such as IBUS (Integrated Biomass
Utilisation System) and the Lolland biorefinery are
extremely focused on converting biomass to biofu-
els. However, the products resulting from the refin-
ing processes can also be used for the production of
materials. For example, the Swedish company Xylo-
phane has developed a method for using hemicellu-
lose in the manufacture of bioplastic film.

One example of a potential plant for combined pro-
duction based on various different forms of biomass
is the Lolland biorefinery. The biorefinery provides a
physical platform for use of local biomass resources
from several different generations of technology

and is part of the Lolland local authority’s invest-
ment in biomass-related projects. Biogas is produced
from slurry, straw and other plant waste. In order to
ensure that straw and other plant waste can be va-
porised, an IBUS plant is set up for pretreatment pur-
poses. Plant waste is cooked under pressure in the
IBUS plant, enabling the conversion of the micro-or-
ganisms to biogas. Symbiosis between a local district


http://videnskab.dk/content/dk/miljo_natur/alger_skal_satte_skub_i_biogasanlag (29
http://videnskab.dk/content/dk/miljo_natur/alger_skal_satte_skub_i_biogasanlag (29
http://ing.dk/artikel/84439-danske-forskere-dyrker-alger-til-biobraendstof-med-kraftvaerksroeg (29
http://ing.dk/artikel/84439-danske-forskere-dyrker-alger-til-biobraendstof-med-kraftvaerksroeg (29
http://wind-sea-algae.org

heating plant, agriculture and other local businesses
is a prerequisite. This full-scale plant will be the first
of its kind in the world.”8

Calculations of the yield from 1 hectare of winter
wheat processed in an IBUS plant indicate that

the production of biofuels requires a considerable
amount of input energy - equivalent to approx. 50 %
of the amount of energy in the products produced.”?
Thus, the production of biofuels requires a good deal
of energy. The production of biofuels is thus far from
energy free, and it is therefore necessary to calculate
net energy dividends when evaluating the potential
of biomass based products, as crop selection and the
finished product also have a great impact upon yield.

Materials from biomass

It is often pointed out that biomass-based materials

may benefit the climate. It would seem that the main
advantage is the replacement of non-renewable raw
materials with renewable raw materials. As renew-

able raw materials grow, they bind CO; from the air,

in contrast to, e.g., oil-based products.

Another advantage could be the fact that less energy
isrequired to produce biomass-based materials than
isrequired to produce the materials they substitute.
However paper wool has been demonstrated to be
the product that has the least climate impact for bio-
based products, whilst flax has the highest climate
impact due to the major energy consumption when
manufacturing artificial fertilizer. Mineral wool has

78. www.bass.dk

79. ClausFelbyin 2006: 1 hectare of winter wheat produces
3,6701ethanol per ha., 2,510 kg of feed and 1,674 kg of
biomass for burning. The energy input is 66,000 MJ (i.e.
approx. 15,000 MJ for cultivation and approx. 51,000 MJ
for processing). Thisis the equivalent of approx. 50 % of
the calorific value of the total output of ethanol, feed and
remaining biomass for burning - approx. 134,000 MJ.

the least energy consumption80. At the same time the
example illustrates how important itis for innova-
tion strategies for biomass-based products to also
focus on the cultivation strategy itself. Ecological
cultivation of flax will thus presumably significantly
reduce the climate impact of the product.

When evaluating the climate benefits upon applica-
tion of biomass-based raw goods, it is necessary to
compare the new ground use’s absorption of CO; from
the air compared with that of the previous ground
use. The cultivation will have a climatic advantage
only if there is greater absorption. For example, this
will be the case if the cultivation of annual crops

for fodder corn isreplaced with a multiannual crop,
which may result in approximately 60 % greater
greenhouse reduction8l.

One of the main issues is the question of the amounts
and acreages that will be required to replace cur-
rent materials based on non-renewable materials or
based on fossil resources. There has been a good deal
of research into potential uses for biomass, both vir-
gin biomass and waste products from the processing
of foodstuffs etc. However, no research is available
indicating the amounts that would be required in
Denmark, e.g., to replace fossil-based raw materials
in the main Danish industrial sectors. The distinction
is made between biomaterials, macro components
and micro components.

In the field of biomaterials, biotechnological research
strategys82 suggests, among other things, the replace-
ment of synthetic fibres with biofibres, e.g. in light
and strong composites. Plants with fibre content,
especially flax and hemp, can be cultivated rationally
under Danish conditions. The Danish plant fibre crops
are particularly well suited for industrial production

80. Schmidtetal: AComparative Life Cycle Assessment of
Building Insulation Products made of Stone Wool, Paper
Wool and Flax. Part 2: Comparative Assessment, Int JL,
vol. 9, no.2., pp. 122-129

81. Olesen (red.), 2005

82. Biotechnological research strategy..., 2006

THE IDA CLIMATE PLAN 2050 | 89



of building materials, insulation mats, woven or spun
materials, biofilters for oil absorption, paper and fibre
composites. Biopolymers can replace the oil-based
polymers that are used in traditional plastics.

Macro components are products in themselves but
they also form the basis for derivative or combined
products. The most important Danish macro compo-
nents are lipids, proteins, starch, lignin and chitosan.
Today, macro components are usually manufactured
industrially in large quantities and the kilo price is
generally relatively low.

Selective biotechnological methods enable the
manufacture of well-defined macro components and
value can be added by applying precise processes
throughout the entire production cycle. Financial
competition and increasing environmental require-
ments may make it attractive to change industrial
production based on the processing of a raw mate-
rialinto a product, e.g. starch or sugar, to production
in which several different, high-value products are
manufactured from the same raw material. Macro
components can be processed from: Brewers’ grains
and sprouts from beer production, whey from cheese
production, remains of beet from sugar production,
potato pulp from the production of starch and rape-
seed cake, wheat bran, juice residue and pea pods.

Micro components are substances which are chemi-
cally pure and are isolated and extracted from a raw
material. Examples of micro components are medi-
cines, natural medicines and enzymes for technologi-
cal and industrial use. It is often maintained that
micro components are of financial interest due to the
long value chain, which adds value and knowledge
and results in a high kilo price.

Plastic is one example that can illustrate the volume
and arearatio for biomass-based materials since it is
always possible to produce plastic based on biomass

instead of fossil resources to a certain extent. At the

moment between 4 and 5 % of the world's oil produc-

tion is used for plastic manufacture.

90 | THE IDA CLIMATE PLAN 2050

If we assume that half of the Danish production of
plastic products will be based on biomass by 2050, this
would amount to approx. 200,000 tons of biomass-
based plastic. If we assume that a proportion of this
will be produced from cellulose residue or stems from
products used in refineries for various different pur-
poses (feeds, energy, other substances and materials)
-e.g.30 % - an additional 140,000 tons of plastic from
pure biomass in the form of starch will be needed.
This requires between 56,000 and 70,000 ha.83 of land,
which is the equivalent of approx. 20 % of the agricul-
tural acreage that will be freed up according to the
biomass scenario described above. A similar assess-
ment of production of insulation matting from hemp
toreplace the current production of insulation manu-
factured from glass wool and mineral wool would re-
guire approx. 12,000 ha. of land, which is equivalent to
approx. 4 % of the released acreage.

Based on these two estimates of the necessary areas,
it must be considered difficult to achieve a significant
substitution of the current materials based on fossil
resources with biomass based material if the change
in agricultural production described is only performed
with a release of approximately 15 % of the agricultur-
al area in 2050. In other words, it may be necessary to
release yet greater areas from fodder production - by
achieving synergy effects during combined process-
ing of biomass for food, energy and material purposes
and/or with the aid of a more comprehensive reduc-
tion of Danish animal production than the reduction
of 15 % that is now expected to occur by 2050.

In further work to realize the recommendations of
the climate plan concerning production and the use
of biomass it will be necessary to perform more in-
depth evaluations of social and environmental as-
pects of production and the use of biomass through
research and innovation programmes with the broad
participation of interested parties in order that the
development of concepts and implementation of
these is performed with a broad social legitimacy.

83. 1hawithstarch crops produces 2 to 3 tons of bioplast
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Industry

Intermediate objectives, Climate Plan 2050

2015

* Fuel consumption in industry and commerce has been reduced by approx. 27 % compared to 2008.
= Electricity consumption in industry and commerce has been reduced by approx. 32 % compared to 2008.
= Biomass caters for approx. 35 % of fuel consumption in industry and commerce.

2030

= Fuel consumption in industry and commerce has been reduced by approx. 31 % compared to 2008.
» Electricity consumption in industry and commerce has been reduced by approx. 43 % compared to 2008.
= Biomass caters for approx. 75 % of fuel consumption in industry and commerce.

2050

= Fuel consumption in industry and commerce has been reduced by 33 % compared to 2008.
= Electricity consumption in manufacturing companies has been reduced by 45 % compared to 2008.
» Biomass caters for 100 % of fuel consumption in industry and commerce.

MEANS

= Fundsto the tune of DKK 800 million per year
ought to be earmarked for the promotion of and
grants for energy-saving measures in industry.
DKK 100 million of this ought to be set aside for
research, development, demonstration, market de-
velopment and verification of new, energy-saving
technologies for use in the production industry
and technology-based service industries.

Subsidies ought to be granted when binding agree-
ments on energy management are entered into
with individual companies. The agreements ought
torelate to specific types of energy and process
and, if applicable, to training of staff responsible
for planning, purchasing and operation of plants
and systems.

= Targets should be established for development in
energy consumption and fuel conversion. Finan-
cially motivating schemes that promote interest
ininvesting in energy savings and replacements
should be created to promote these targets.

» All companies with an annual fuel and electricity
consumption of over 5000 MWh ought to perform
anenergy inspection and process integration
study at least once every three years, using exter-
nal, quality-assured consultants.

» Labelling schemes for products and energy certifi-
cation of new plants ought to be developed.
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Industry and commerce

The IDA Climate Plan 2050 focuses in particular on
energy savings in industry and commerce. However,
there are a number of topics that are not addressed
in the Climate Plan but which are also relevant to the
reduction of the impact on climate change. Two fac-
tors require specific mention:

1.When we look at the entire flow of goods, from man-
ufacturer to consumer, a certain amount of the gas
emissions associated with the product lie outside
Denmark. The focus of The IDA Climate Plan 2050
is on national production and, therefore, does not
include this perspective. However, from the point
of view of the climate, the impact of the product on
climate change during its entire life cycle ought to
be included in considerations when a manufacturer
selects one sub-supplier over another.

2.The second factor relates to the CO, that is bound
to materials and new materials. The chapter on
agriculture addresses the potential related to new
materials whereby oil-based plastics are replaced
by bio-materials. However, it was not possible to
pursue the subject further in the Climate Plan 2050.

1/0
Materials

1/0
FP %
Materials

PRODUCTION

FP FP
ook
1/0 1/0

Materials Materials

Figure 29: The model applied to CO; footprints (FP).

Another significant issue related to products is the
issue of energy-saving building components. Due to
the consumer perspective, these are dealt with in
the chapter on housing and buildings. Finally, with
respect to product manufacture, there is the aspect
of development and the use of more energy-efficient
materials, such as the use of composites instead of
metal alloys or use of materials that require less en-
ergy during manufacture and processing. It was not
possible to address these issues in this report.

The following paragraphs address industry's climate
gas emissions and the reduction potential considered
achievable for the three intermediate objectives for
2015, 2030 and 2050. In addition, the means consid-
ered necessary to achieve these reductions are de-
scribed. In this report, in addition to manufacturing
companies, the term “industry” refers to refineries,
construction and civil works companies, wholesale
trade, retail trade and private service.

Industry’s climate gas
emissions 2007

Climate gas emissions from the activities of indus-
try and from existing landfill sites amounted to
25,035,000 tons of CO; equivalents84 in 2007. This is
the equivalent of just under 38 % of Denmark’s total
climate gas emissions. Industry’s emissions covered
the 6 Kyoto greenhouse gases (COz, CHy, N0, PFCs,
HFCs and SFg) as specified in Figure 30.

84. IfCO;emissions fromthe combustion of renewable energy
sources are included, industry’'s contribution amounts to
a total of 40%.
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Figure 30: Industry’s climate gas emissions, distrib-
uted by type and, in part, source

CO; emissions originating from industry’s consump-
tion of energy is by far the largest source of indus-
try's total climate gas emissions. For this reason, The
IDA Climate Plan 2050 focuses specifically on energy-
efficiency in industry. Emission of CO; from other
industrial processes originates predominantly from
the production of cement (-84 %), lime and limestone
(-9 %), tile (-3 %) and metal (-3 %). In general, these
CO; emissions are directly linked to the production of
the products and can only be reduced by reducing the
actual production volume or by CCS (carbon capture
and storage).

Methane emissions appear partly in connection with
the production of energy consumed by industry (7 %),
partlyin connection with the refining of oil products
(7 %) and partly in connection with degasifying of
landfill sites (86 %). Methane emissions from Danish
landfill sites were considerably reduced when a ban
on the disposal of waste suitable for incineration was
implemented in 1997. Thus, a number of accumulation
facilities for landfill site gases were established on
landfill sites with significant gasification up to intro-
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duction of this ban. The landfill site gases are either
burned off or used as fuel in gas generators that pro-
duce electricity.

Use in gas generators peaked in around 2000, at
11,000 extracted tons. However, in line with the de-
cline in gas production, gas generators are becoming
increasingly unprofitable to run and new plants are
no longer being built in Denmark. Instead, alterna-
tive methods are being developed, e.g. at the Techni-
cal University of Denmark (DTU), for the breakdown
of the gasresidues that remain in old depots using
the so-called biocover principle; covers are gas-proof
but have controlled "windows” which are filled up
with a metre-thick layer of compost in which bacteria
propagate and break down the methane into CO»85.

Development of biogas production will lead to an
increased risk of methane emissions from leakages.
Therefore, itisimportant to identify safe methods
for both sealing and monitoring. In summary, a 25 %
reduction in methane emissions is expected by 2050.

Nitrous oxide emissions ceased in Denmark in 2005
when the fertiliser manufacturer Kemira was closed.

Other emissions of the climate gases PFC, HFC and
SF6 (the so-called F-gases or potent greenhouse gas-
es) have been subject to a law controlling use of these
since 2000 and this will significantly reduce contribu-
tions from these gases within a few years. F-gases
are mainly used as coolants in small, stationary cool-
ing systems and in the majority of mobile cooling sys-
tems. The use of PFC is forbidden in new systems. In
addition, the new legislation includes requirements
for monitoring (detection systems) or regular inspec-
tion with a view to reducing emissions from cooling
systems. To alarge extent, HC gasesg6, and in some
cases CO; are used for foam moulding of insulation
materials instead of HFC gases. F-gases will be radi-

85. Further details are available in the technical memoran-
dum on climate gases originating from the handling of
Danish waste, IDA 2009

86. Cyclopentane and N-pentane



cally phased out up to 2015. It is expected that, by this
date, emissions will already have been reduced by
almost 80 % compared to 2007. It is not expected that
further reductions will be possible by 2050.

The IDA Climate Plan 2050 does not include an assess-
ment of other climate gases such as solvents, NOy, CO
and S0;. The contribution from emissions of these
gases amounts to 0.2 % of total climate gas emissions
(The Kyoto Convention).

Industry’s energy consumption

Trade and industry accounts for 35 % of Denmark'’s
total energy consumption: 234 PJ in 2007. The larg-
est sectors are manufacturing, which accounts for
49 % of the energy consumption of industry and com-
merce, and private service and agriculture. Fossil
fuels account for 52 % of this energy consumption,
renewable energy for 5 %, district heating for 11 %
and electricity for 32 %.

PJ
180

The energy consumption of the manufacturing in-
dustry hasremained fairly constant over the past
twenty years. However, the consumption of trade
and service industries has increased by approx. 1 %
per year. The energy intensity, which is energy con-
sumption relative to gross value added at a fixed DKK
rate, is significantly lower today than in 1990 in most
sectors

The fact that manufacturing enterprises show re-
duced energy intensity is particularly due to struc-
tural changes whereby sectors that are light consum-
ers of energy, such as the iron and metal industry,
grew in proportion to other industries between 1990
and 2006. However, the intensity effect, whichis a
combination of a wide range of factors such as energy
savings and substitution of fuel by, on the one hand,
electricity and district heating (which entails sav-
ings in conversion loss) and, on the other, increased
mechanisation and automation, was almost the same
in 2006 as it had been in 1990.
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Figure 31: Energy consumption of the manufacturing industry 1980-2007, by energy product (corrected for variations
in climate). The figure also includes the energy consumption of agriculture, forestry, horticulture and fisheries.
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Figure 32: Energy consumption of trade and service industries 1980-2007, by energy product (corrected for varia-

tionsin climate, including public service)
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Energyintensity in wholesale trade more than
halved from 1990 to 2007 and it fell by approx. 20 %
inretail and private service. The substantial decline
in energy intensity in wholesale trade is presumably
due to a structural change aimed at creating non-
energy intensive wholesale trade. In the case of all
three sectors, an increase in the proportion of dis-
trict heating (replacing oil in particular, which could
have produced a loss of 20 - 30 % on conversion) pre-
sumably also has an impact on the decline in energy
intensity.

However, a study of the manufacturing industry's
energy intensity indicates that, since 2000, there
hasbeen asmall increase in energy intensity if we
consider manufacturing companies as a whole and
alarger increase if we also take structural develop-
mentinto consideration. Thus, the ten manufactur-
ing sectors used approx. 5 % more energy in 2006
than in 2000 per DKK value added, which indicates
that efforts to save energy have not been quite so ef-
fective during this decade.
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Figure 35: Breakdown of the development of the energy
consumption of manufacturing companies, 1990-2006

POTENTIAL FOR SAVINGS

The potential for energy savings on heat consump-
tion (the consumption of fuel and district heating)
and on electricity consumption is assessed in the
short term (2015) and in the long term (2030 and 2050)
with a repayment period of 7,5 years8”. Energy saving
measures in industry would normally only be imple-
mented if the repayment period was significantly
shorter (around 2 to 4 years). This is due to the fact
thatinvestments in energy savings compete with
investments with a strategically higher priority. The
reason why this report highlights the energy saving
potential of a 7,5 year repayment period is partly due
to the benefit to society and partly due to the fact
that there is a need to achieve defined climate goals.
Itis, therefore, quite crucial that endeavours are
made to increase enterprises’ incentive to make en-
ergy savings by various regulatory means.

Great potential in reducing
heat consumption

This covers all forms of heat consumption related to
either indirect or direct heating with fuels or district
heating and electricity. Therefore, heating of the
business sector’s premises is also included. Indus-
try's total heat requirement amounts to around 159
PJ annually and the heating of premises accounts for
25 % of this.

With respect to industry’s heat consumption, it is ex-
pected that there will be significant opportunities for
savings in all end uses, in process integration and in
the use of enzymes in production. Potential savings
in fuel consumption with a 7,5 year repayment period
are indicated in Table 10.

87. Theenergy prices applied are the prices used by the
Danish Energy Authorityin its socio-economic analyses,
plus any taxes applicable at the beginning of 2009.
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Savingin % 27 31 33

Saving in TWh 11,8 13,8 14,6

Table 10: Potential savings in fuel consumption, with the
7,5 year repayment period in The IDA Climate Plan 2050
Source: Potential is calculated based on the technical back-

ground report; Energy savings in trade and industry, IDA 2009.

Most significant energy savings can be achieved by
using thermal pumps, if heat requirements are below
150°C, by converting industry’'s fuel consumption
from fossil fuels to biofuels and by using enzymes for
specific types of production. There is currently no
thermal pump technology suitable for industry’'s heat
requirements above 150°C (e.g. for the burning of ce-
ment and the melting of glass at around 1500 °C).

In addition, there is potential for savings in heat con-
sumption in various different industrial processesss.
Evaporation processes offer potential in the form of
increased preheating, more evaporation steps, ther-
mal and/or mechanical recompression of steam, sub-
stitution with reverse osmosis and improved process
management.

There is also significant potential for savings in de-
humidification processes and the following measures
are expected to be implemented: Reduction of water
content before thermal dehumidification through,
e.g., improved mechanical drainage, preheating of
raw materials, indirect dehumidification where pos-
sible and increased heat recovery.

In the fields of burning and sintering, potential sav-
ings are expected to originate from increased drain-
age before dehumidification, improved insulation of
kilns, increased heat recovery, addition of additives
that canreduce the required process temperature. In
the case of fusion and moulding processes, savings

88. Furtherdetails are available in the technical background
report; Energy savings in trade and industry, IDA 2009.
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are expected to come from improvements in insula-
tion, increased heat recovery using thermal recuper-
ators, increased preheating and the use of oxyfuel
combustion.

Optimised process management, cascading distil-
lation, other separation technologies such as mem-
branes and additional and more effective column
plates are expected to result in energy savings in
distillation processes.

As mentioned above, thermal pumps are the source
of the greatest savings. It is expected that around a
fifth of the achievable reduction in heat consumption
can be gained by using thermal pumps (the equiva-
lentof 10PJ, 16.4 PJ and 17.6 PJ in 2015, 2030 and
2050 respectively). However, a proportion of the sav-
ings gained by the use of thermal pumps is offset by
anincreasein electricity consumption (equivalent to
2.3and 3.7 PJin 2015 and 2050 respectively).

Industry’'srequirement for the heating of premises
amounts to 25 % of industry's total heat requirement.
According to Climate Plan 2050, it is expected that
thisrequirement will primarily be covered by thermal
pumps, excess heat produced by industry and passive
as well as active solar heat. If this is to be achieved,
heatrequirements must be reduced by improving the
insulation capabilities of the building shell of both
existing buildings and new office buildings. The ex-
pected potential for savings on heat for industry's
premisesisindicated in table 9, which shows total
potential savings in industry’s heat consumption.

Itis expected that around 100 % of industry's con-
sumption of fossil fuels will be able to be replaced by
biofuels. However, it should be noted that the con-
version to biofuels for industrial combined heat and
power will reduce the electricity production of CHP
plants to almost one third.

Itis assumed that enzymes will be able to be used in
processes thatrepresent 5 % of trade and industry’s
energy consumption (primarily heat) and the savings
potential only applies to these processes.



Industry'’s electricity
consumption must be reduced

Industry's total requirement for electricity amounts
to around 75 PJ annually. Potential savings with a re-
payment period of 7,5 years are indicated in Table 11.

2015 | 2030 2050
Savingsin % 32 43 45
Savingsin TWh 7,2 9,8 10,2

Table 11: Potential savings in electricity consumption, with
the 7,5 year repayment period in The IDA Climate Plan 2050.
Source: Potential is calculated based on the technical back-

ground report; Energy savings in trade and industry, IDA 2009.

Itis assessed that the greatest potential is to be
found in pumping, ventilation, cooling and com-
pressed air89. These technologies are still the most
interesting areas with the greatest potential for en-
ergy savings. Even though massive efforts are being
made to provide energy labelling for motors, pumps
and ventilators, the rollout and implementation/
replacement of energy-efficient components and the
optimisation of the systems in which these compo-
nents are incorporated remain outstanding issues.

The most significant potential for savings in the field of
lighting is expected to come from LED (light-emitting di-
odes) and a considerable breakthrough and substantial
circulation is expected by 2015. In addition, it is expect-
ed that improved management (demand management)
will result in potential energy savings in this area.

With respect to pumping, cooling and ventilation,
savings potential is expected to arise primarily from
the use of highly efficient components, the reduction
of requirements, optimised control and an increase
in maintenance. In addition, it is expected that the

89. Further details are available in the technical background
report, Energy savings in trade and industry, IDA 2009.

use of Permanent Magnet Synchronous Motors
(PMSM) will result in considerable energy savings,
particularly in pumping and ventilation. From the
point of view of cooling, free cooling, solar protection
features and absorption cooling will provide poten-
tial for future energy savings.

The use of compressed air shall be replaced wherever
possible by direct electrical operation or by the use of
highly efficient, oil-free compressors. Furthermore,
significant energy savings can be made if loss through
leakage isreduced. In the field of industrial electric
motors, in addition to the development of more ef-
ficient motors, it is expected that reducing the need
for an energy service and the optimisation of demand
management will provide opportunities for savings.

In the fields of fusion and other process heat based
on electricity, it is expected that the optimisation of
material consumption (optimisation of feed systems
in foundry moulds), minimisation of fusion and short-
ening of holding and idle times will provide potential
for savings. In the field of injection moulding, in par-
ticular, the use of all-electric machines will provide
significant opportunities for energy savings.

It should be stressed that the savings potential can only
partly be realised by the companies themselves in their
ongoing efforts to reduce costs and optimise produc-
tion and by the natural replacement of equipment and
processes. In order to achieve great results, a broad
range of mechanisms will be required that can moti-
vate and force companies to initiate energy savings.

How do we get energy
savings rolling?

To a great extent, energy savings and energy efficiency
measures in industry depend on the financial implica-
tions. When it comes to short term improvements, it
isalmost entirely the financial and normative mecha-
nisms that are effective. The coming changes to energy
taxation should, in particular, be mentioned here as
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they will cause energy-intensive companies to focus on
energy savings. However, the public debate on these
taxes underlines the fact that increased taxes canre-
sultin the relocation of energy-intensive production.

When compiling a package of mechanisms, it is im-
portant to analyse the way in which taxes that will
make energy more expensive and investment grants
that will make savings cheaper can be combined so
that both initiatives promote improvements to the
cost-effectiveness of savings. Taxes on energy con-
sumption, in particular the heating of premises, have
already been imposed on industry and, all things be-
ing equal, increased taxes will increase a company's
interestin reducing energy consumption.

Taxes and quota schemes such as CO;quotas are tools
which are relatively easy to use but which, unfortu-
nately, have some serious side effects. The energy
expenses of the greater part of industry only amount
to 0.5 -2 % of turnover whereas, in energy-intensive
companies, they account for 10 %. Thus, even the
smallest percentage increase in energy expenses has
an enormous impact on the competitiveness of these
companies (unless their competitors throughout the
world are also subject to similar increases).

Subsidies for energy-saving measures do not impair
competitive capacity. On the contrary, they will im-
prove it by reducing the level of costs. This can be
done by establishing a fund?0 to promote and provide
subsidies for energy-saving measures in manufac-
turing companies. The budget of this type of fund
ought to total DKK 800 million per year. As indus-
try's annual energy costs amount to around DKK 15
billion a year, a fund of this size would shorten the
repayment time for energy-saving initiatives by 2 to
3 yearsdl. This would provide a very significant incen-

tive, which would create great interest in energy ef-
ficiency measures in the companies and, presumably,
be able to turn the tide of recent years' unfortunate
energy intensity trends, cf. (= see figure 34). The ef-
fect of contribution schemes will be increased if they
are directly connected to a business’s energy savings,
either in connection with changes in existing plant
or inrelation to benchmarking of new buildings. This
will thereby result in a (fund) solution that supports
active energy savings - potentially in connection
with ESCO businesses as stated below — and which
thereby has a direct effect on repayment times.

Financial instruments based on subsidies or loan
schemes are generally more positively received by
the business sector and a fund for the implemen-
tation energy-efficient measures will shorten the
repayment period by between two and three years.
Thisis the equivalent of an increase in savings poten-
tial of between 8 and 19 percentage pointse2.

Energy service companies, or ESCO companies, are
another type of financial instrument. These compa-
nies can finance a company's savings projects and
are paid via the energy savings gained. The preva-
lence of energy service companies will also result in
new players on the market; players who are special-
ists in energy efficiency measures.

Finally, research and development in the field ought
to be given a much higher priority as the immediate
gain for society of reducing industry’s consumption
of fuels and electricity far outweighs the advantages
of converting supplies to renewable sources. This
research and development shall be followed up by
development of the market for new products

90. alsoproposedinthe Danish Society of Engineers’ Energy
Plan 2030. Main report. The Society of Engineers in
Denmark, IDA. December 2006

91. Ifthefund contributes tosavings amounting to 2% of energy
consumption (or DKK 300 million) each year, DKK 800 million
would reduce the repayment period by 2.7 years.
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92. Itoughttobe mentioned that, toacertain extent, energy
companies today "purchase” energy savings from trade
and industry. Payment for this typically amounts to DKK
100 - 250 /MWh, which is the equivalent of reducing the
repayment period by a few months, or even up to a year.
Thus, a fund would be a much more powerful mechanism.



MORE INFORMATION ABOUT
EFFICIENCY IMPROVEMENT

Information mechanisms already contain many tools
and models that can be used to implement energy ef-
ficiency measures. Therefore, what is needed is sup-
port for the dissemination of these tools. This can be
provided by training designers, sales personnel and
consultants. Finally, success stories and methods can
be spread via network activities related to energy
management and efficiency improvement.

Good tools are important in order to overcome bar-
riers such as alack of knowledge and ideas and too
little time. These tools are intended to support ongo-
ing discussions and information exchange and, in the
long term, they will make it easier to actin an ener-
gy-conscious manner when purchasing and design-
ing. In the 1990s, a number of tools were developed
under the Danish Energy Authority's aid scheme. It
would be of benefit to update and develop these tools
and make them more easily accessible. It would also
be an advantage if good operating instructions for
energy-consuming systems were added.

In particular, effortsin and around the company
itself, e.g. in relation to employee participation, are
highlighted by representatives of trade and industry
and in previous research projects (e.g. MIRT93) as be-
ing important. However, information mechanisms
are assessed to have along term effect and, there-
fore, are primarily relevant to the potential for 2030.

Tools and models are used by many different players
and there is a need to support the existing players’
potential and expertise.

One thing that is needed is training of the staff that
design, purchase and operate the systems. How-
ever, sales personal also need to be trained so that
they are aware of the potential for reducing energy

93. Employee participation in environmental efforst,
Learning processes in environmental groups, by Barge
Lorentzen and Arne Remmen.

consumption and understand the significance of the
energy costs seeninrelation to the investment and
the other costs of the equipment they sell. Finally, an
increase in the range of training courses aimed at the
consultancy market could promote efforts to intro-
duce energy efficiency measures by increasing the
prevalence of competent energy consultants.

Companies may be inspired to get started themselves if
they hear others' experiences of energy saving. Expe-
riences can be passed on through brochures, articles,
open-house events etc. One particularly efficient way
of passing on knowledge is through the participation

in groups made up of representatives from like-minded
companies. With the aim of benchmarking of energy
consumption, they can discuss good and bad experi-
ences of their activities, make a mutual commitment
tointroduce new initiatives and report on the results.
These groups may, for example, discuss one application
at a time; they may start by discussing pump systems
one year and ventilations systems the next. Thus, this
is an activity that can easily be handled by existing
company networks and organisations.

LABELLING SCHEMES
ON THE AGENDA AGAIN

Energy labelling has helped significantly improve the
efficiency of household appliances and could also be
used to advantage by industry for appliances that
are sold in large quantities. Energy labelling makes
it easy to select an energy-efficient solution and no
prior training of the purchaser is required.

In other cases, in which equipment is not so simple,
projects can be required to be based on energy-con-
scious design; thus, the need for an energy service

is assessed, alternative solutions are identified and
overall finances presented. In the same way as com-
panies arerequired to have environmental approval,
a scheme could be envisaged whereby companies
receive energy certification. They will be required to
document energy-efficient design. Finally, a verifying
body may be linked to the process in order to provide
certification of the energy-efficient design.
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In the case of existing systems in energy-intensive
companies, energy saving potential can be thor-
oughly examined every five to ten years. The process
may include the participation of experts or persons
accredited in the industry in question as well as the
processes applied. This will ensure that the energy
inspection focuses on the most important and most
energy-consuming processes instead of auxiliary
equipment.

In companies that consume less energy, an energy in-
spection can be based on current schemes for energy
labelling of buildings and compulsory ventilation in-
spection, both of which could be extended to include
production buildings. At the same time, compulsory
schemes could be introduced for several other areas,
such aslighting systems, fridge-freezers etc.

The concept of the agreement is to reward energy-
intensive companies if they behave in an energy-effi-
cient manner. However, the concept seems to be "los-
ingitsshine” and, therefore, it may be necessary to
change the scheme and make it voluntary so that all
companies that join the scheme are rewarded with
ataxreduction and/or with investment grants for
energy savings. The requirement could be the same
as that of the Dutch scheme which stipulates thata
company must be among the top 10 % in the world
when benchmarked after a few years.

In connection with the expansion of the circle of
playersin the field of energy efficiency measures,
certification schemes may promote the activities of
energy consultants and the introduction of energy
management. Thus, international efforts to stand-
ardise energy management, ESCO and energy effi-
ciency and simulation will be able to operate togeth-
er with existing management systems such as ISO
9001, ISO 14001 and others, and this will ensure that
energy managementis integrated into management
systems. Similarly, certification of energy consult-
ants will aid quality assurance and the marketing of
energy consultancy.
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A RANGE OF OPPORTUNITIES

Both the financial and information mechanisms can
operate together with normative mechanisms, such
as energy labelling, that both support the involve-
ment of staff in climate change activities and form

a basis for subsidy schemes. An increase in control

of energy reviews and energy inspections in compa-
nies can helpincrease the focus on energy consump-
tion. However, this is generally met by a negative
response from the business sector and ought to be
incorporated in government efforts to simplify rules.

It is also assessed that formalised energy manage-
ment, e.g.in the form of certified management sys-
tems, has a positive effect, although thisis again
dependent on interaction with, primarily, the finan-
cial mechanisms. However, the combination of cer-
tification options and legal requirements may create
greater synergy with the financial incentives so that
the long term potential can be realised.
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summary:

Housing and buildings

Intermediate objectives - Climate Plan 2050

2015

= Inthe period up to 2020, 75 % of the most poorly insulated walls, roofs and floors will be renovated and
windows replaced. This will result in a saving of 18 PJ in 2015 and 37 PJ in 2020
= Electricity consumption will be reduced by 25 % compared to 2008

2030

= From 2020, new buildings will be “energy producing” according to BOLIG+ (a zero emission building con-

cept) standards.

= Between 2020 and 2030, walls, roofs and floors that are poorly insulated according to current good, av-
erage standards will be renovated. This will result in a saving of 21 PJ. Renovation of technical instal-
lations between 2010 and 2030 will result in a saving of 20 PJ. Together with activities in the period be-
tween 2010 and 2020, by 2030 the total annual saving will amount to 78 PJ.

= Buildings that are not included in the district heating system will be made energy-neutral by promoting

the use of renewable energy in buildings.

= The district heating system will be extended and cover approx. 70 % of the total existing building stock.
= Electricity consumption will be reduced by 50 % compared to 2008.

2050

= The energy consumption in buildings has been reduced and buildings outside of the district heating sys-
tems are CO; neutral. Buildings included in the district heating system will receive energy from renew-

able energy or waste heat.

MEANS

= Promotion of the development of energy-produc-
ing houses, e.g. by making the Bolig+ concept (a
zero emission building concept) the final goal for
building regulations and by making it a standard
from 2020.

* Promotion of the renovation of the existing build-
ing stock by stepping up consumer information,
providing training, tightening building regulations
and creating incentive schemes aimed at consum-

ers. Public authorities shall show the way by impos-

ing special requirements on public buildings.

» Financing of residential renovation must be pro-
moted through a combination of financial incen-
tives including differentiated taxation of resi-

dences, favourable real credit inancing and public

contribution.

Between 2010 and 2020, DKK 675 million will be set
aside annually to support energy savings and inte-
gration of renewable energy in building projects.
These funds ought to be distributed as follows:

» DKK 400 million in the form of financial incen-
tives for the promotion of housing renovation.

» DKK100 million for the integration of renewable
energy into buildings.

» DKK 100 million for special activities related to
public buildings.

» DKK 50 million annually for the training of con-
struction partners and the development of im-
proved instructions on energy-saving construc-
tion and components.

» DKK 25 million annually for information cam-
paigns.
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Housing and buildings

Today, the energy consumption of buildings, dwell-
ings and industrial and commercial construction ac-
counts for over 40 % of total Danish energy consump-
tion and costs almost DKK 45 billion a year. There-
fore, if we are to ensure a serious reduction of green-
house gas emissions, it is crucial that we succeed in
reducing the energy consumption of buildings.

From a commercial point of view, Denmark would
benefit greatly from hefty investment in more ener-
gy-efficient construction. Denmark’'s energy require-
ments for buildings are currently the strictestin the
world and the general opinion is that even stricter re-
quirements for energy consumption - combined with
more spearhead development projects, increased
research development in energy technologies and
communication and learning - may provide Danish
engineers, architects, construction companies and
energy technologies with an excellent opportunity to
move to the forefront of the international market94.

One of the specific challenges facing the construction
sector when identifying and assessing focus areas
and energy saving potential is that, in 2030, approx.
70 - 75 % of the building stock will consist of housing
that already exists today. The energy consumption of
the great majority of these buildings is much higher
than that of the buildings that are currently being
constructed and will be constructed in the future.
Thus, the greatest energy savings are to be made on
the established building stock.

Energy consumption in older buildings is distributed
as follows: Room heating, almost 70 %, heating of hot
water, just under 10 % and electricity consumption
of electrical appliances and lighting, approx. 20 %.
The distribution is quite different in new buildings in
which heat consumption accounts for approx. 30 %,
heating of hot water approx. 20 % and electricity con-
sumption approx. 50 %.

94. Catalogue of initiatives from the Danish Enterprise &
Construction Authority’'s partnership for lower energy
consumption

The government’s energy strategy resultsin an ener-
gy saving of 4 % in 2020. The climate plans’ target is
asaving of 37 PJ in 2020 and the climate plan's total
initiatives result in energy savings of 78 PJ and sav-
ings of 14 PJ (4TWh) upon integration of renewable
energy for hot water and heating. The proposal of
the climate plan is thus considerably more ambitious
and requires an annual saving of approximately 4.5
PJ.In order to achieve this goal, building owners
must perform considerable investments and incen-
tives to promote this development will be required.
The total savings amount to 60 % of the total energy
consumption, equivalent to an annual saving of DKK
27 billion. The total private investment for the entire
climate plan's period is approximately DKK 460 bil-
lion of which a significant share will be general main-
tenance provided that the energy investments are
commenced in connection with general renovation.

Targeted efforts and information campaigns could
reduce the electricity consumption of buildings by
50 % by 2030.

A significant proportion of the above-mentioned sav-
ings stem from renovation of the building shell and it
ought to be considered whether energy savings that
are not immediately viable should be implemented
or whether CO, reductions should instead be derived
from increasing the proportion of renewable energy
and waste heat from the district heating system,

or, alternatively, by integrating thermal pumps into
buildings.

New construction

Today, there is no technical difficulty in building
housing with minimal energy consumption and it is
assessed that, with the current technology, it would
be financially viable for private house builders to
build low-energy dwellings (with the Danish class 1
low energy rating) outside areas with district heat-
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ing%. Low-energy class 1 dwellings can be built at a
marginal cost of 10 % of the total construction sum.
This can be reduced to approx. 6 % by optimising
product solutions and selection of materials etc.

The first dwellings that do not use energy have
already been erected, e.g. "Housing for Life" in
Aarhus9, and the first BOLIG+ apartment block97 is
expected to be constructed within the next few years
in Aalborg. The marginal cost of changing a building
with a class 1low-energy rating to an energy-pro-
ducing building depends upon the renewable energy
source selected for integration in the building and
whether the building belongs to a local, low-temper-
ature district heating area with renewable energy.
The marginal cost involved in progressing from the
level of low-energy class 1 to BOLIG+ is assessed at
around 5 % of the construction sum.

If tomorrow’s new buildings are to be energy-neutral,
itisimportant to focus on the design of the building.
Buildings must make use of passive solar energy for
heating and optimal design is the best way of ensur-
ing this. In addition, it must be ensured that buildings
do notrequire cooling. This also requires focus on the
design of the building; the building must be properly
shielded on sunny days. These issues provide the en-
gineering profession and architects alike with a chal-
lenge that must be met if the industry’s problems are
to be solved.

If the above initiatives are to be implemented, im-
proved understanding of energy design and an up-
grade of the knowledge and expertise of all of the
parties involved in construction will be necessary.
Furthermore, more stringent requirements for build-
ing regulations are another initiative that must be
followed up by financial incentives, e.g. in the form

of optimal mortgage credit for initiatives that make
the buildings of the future more expensive than the

95. SBi2009:04 More stringent requirements for new
construction projects by 2010 and beyond

96. www.bolig-for-livet.dk

97. www.boligplus.org
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standard. The energy costs of buildings should also
be made visible to homeowners and be a part of the
total costs for new construction. Provided that in-
vestments can be financed privately, the cost of new
construction will be neutral.

The parties involved in construction ought also to con-
sider new forms of collaboration in order to promote
energy-producing dwellings and this is where the en-
gineering profession can take the lead. One example
of thisis the energy-producing building “Housing for
Life”, which was developed by engineers, architects,
contractors and material manufacturers in collabora-
tion. During the design phase, a number of workshops
were held with the aim of identifying issues and devel-
oping proposal solutions. During the interdisciplinary
collaboration, the team developed the solutions that
were subsequently used in the project.

During discussions on the 2008 energy deal, it was
decided to impose arequirement for the reduction of
the energy consumption of newly built houses by 25 %
by 2010 (low-energy class 2), by 50 % by 2015 (low-
energy class 1) and by 75 % by 2020. The government'’s
strategy for the reduction of energy consumption in
buildings adheres to these targets, the reason being
that there is a need to develop knowledge and exper-
tise in the industry. However, it ought to be consid-
ered whether it would be advisable to take a decision
already now to tighten up building regulations and
make BOLIG+ the minimum standard by 2020.

There is also a need for better tools for designers, e.g.
simulation programs with improved capacity to cal-
culate and simulate realistic conditions in buildings.
The simulation tools can be developed to contain
data and costs for operation of the building and this
will help to optimise the building. The engineering
profession and construction research institutions
play a significant role here.



The collected commenced

construction 1.000 m=2

Homes total | 3.375 . 4.100 . 4.625 | 2.850 | 2.375 | 2.075
Detached- and farmhouses 1.125 2.225 2.625 1.875 1.750 1.500
Row-, linked- and double houses 700 775 825 450 250 200
Apartment blocks 800 950 1.050 450 300 300
Other housings 150 150 125 75 75 75
Business total 4.175 4.600 5.725 4.350 4.325 4,150
Factories etc. 650 700 700 650 775 700
Administration and trade etc. 975 1.050 1.550 1.275 1.425 1.300
Agriculture etc. 2.250 2.425 3.125 2.150 1.900 1.900
Other businesses 300 425 350 275 225 250
Other constructions 1.875 2.000 1.825 1.300 1.225 1.225
Public institutions 400 325 275 175 225 300
Holiday cottages 675 775 675 450 375 325
Garages and out houses 800 900 875 675 625 600
Constructions total 9.425 10.700 12.175 8.500 7.925 7.450

Figure 36: Breakdown of the development of the energy consumption of manufacturing companies, 1990-2006
Source: Statistics Denmark and the Confederation of Danish Industries

Experience from countries such as Austria, Germany DKK 25 million ought to be earmarked to promote the
and Switzerland indicates that the development of construction of buildings that are better than the
low-energy dwellings and low-energy solutions can legal standard. This corresponds to financial support
be stimulated by providing grants for the upgrade for approx. 250 new buildings a year.

of buildings from standard to low-energy98. There

isaneed todevelop incentive schemes which will Between 2004 and 2008, an average of approx. 10
encourage property owners, between 2010 and 2020, million me? of floor space was constructed, approx.

to build houses that are better than low-energy 3.5 million m2of which was for housing. This is the
standard 1 and to develop energy-neutral buildings equivalent of approx. 17,000 houses a year. In 2009, it
outside the district heating area. An annual sum of is expected that new developments will account for a

98. SBi2009:06 Mechanisms for the promotion of energy
savings in buildings
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significantly smaller proportion9e. Climate Plan 2050
assumes that the annual increase in new buildings
will, on average, be equivalent to the level in 2008.

The cost of new construction is approx. DKK 10,000/
me for housing and DKK 13,000/me for offices and oth-
er buildings. The energy saving initiatives in the plan
can be implemented at an additional cost of approx.
6-10 % up to 2020100 and, from 2020, energy-neutral
buildings can be developed at an additional cost of
approx. 10-15 % compared to current prices.

Renovation of existing
building stock

BUILDING SHELL 2010-2020

There is great potential for energy savingsin the
existing building stock. An SBi (Danish Building Re-
search Institute) report10! has identified potential
savings of 37 PJ (approx. 23 % of the energy required
for heating and hot water) in dwellings and offices if
viable energy-saving initiatives are introduced. The
precondition for these savings is that 75 % of the outer
walls with a U value of over 0.9 W/mBK be improved
with 100 mm insulation. Similarly 75 % of the walls
with a U value over 0.3 W/mbBbK must be improved by
laying down 200 mm insulation. 25 % of the floors with
a Uvalue over 0.5 W/mbBbK are expected to be improved
with the injection of 100 mm insulation in the beam
layer. It is expected that all windows with a total U
value over 2.5 W/mBbK, equivalent to all standard 2
layer thermal panes will be improved to today's stand-
ard.Thus, itisnot a complete renovation of the Danish
building mass that is required but rather a dedicated
effort to upgrade specific types of building. The total

99. Statistics Denmark and the Building Materials Industry in
the Confederation of Danish Industries.

100. SBi 2009:04 More stringent requirements for new
construction projects by 2010 and beyond

101. SBi 2009:05 Potential energy savings in the existing build-
ing stock
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cost of implementing these improvements will be ap-
prox. DKK 198 billion. These savings have been iden-
tified as viable and, if they are made in connection
with ordinary housing renovation and together with
planned improvements or replacements, the cost will
only amount to approx. DKK 38 billion.

Due to the fact that the investments are viable, a
significant proportion of the cost will be able to be
covered by mortgage financing. However, incentives
must be created in order to ensure that investments
are made. This can be done by providing public grants
for renovation, favourable loans, differentiated taxa-
tion and additional consumer information. The energy
labelling scheme for buildings must be further devel-
oped and used to identify the most viable renovation
solutions. It can also be used as a tool in connection
with loans. In order to stimulate energy efficiency
renovation, an annual sum of DKK 400 million ought
to be earmarked for direct or indirect subsidies for
property owners. This is equivalent to 2 % of property
owners' total cost of renovation. By comparison, the
renovation pool of spring 2009 amounted to DKK 1.5
billion and it appears that private house owners have
shown greatinterest in making use of the scheme to
stimulate renovation activity.

Several of the players in the construction industry
and building materials manufacturers have conduct-
ed demonstration projects related to housing reno-
vationl02, There are examples of renovation of older
detached houses from around 1930, single-family
houses from 1960 - 1980 and apartment blocks from
1970. As was the case with the new developments,
the projects were carried out by all of the construc-
tion industry’s parties in strategic collaboration and
itis extremely appropriate to assess whether these
types of project can be encouraged by creating new
types of cooperation in which the engineer plays a
significant role.

102. Rockwool, Isover, Parvenu, Bjerg Architects, Frandsen &
Sgndergaard K/S and Rationel Windows, et al



The public sector ought to be a role model when it comes
to energy efficiency measures and renovation of the
state and local authorities' property ought also to be
encouraged. An annual sum of DKK 100 million is ear-
marked to stimulate the renovation of public buildings.

In order to encourage the renovation of buildings, it is
necessary to build up the knowledge and expertise of
the building industry and develop instructions and so-
lutions for energy efficiency renovation. A knowledge
centre for building renovation has recently been set
up. The knowledge centre was established by the Dan-
ish Energy Authority and is managed by a consortium
consisting of TI, SBI, Viegand & Maagge and the com-
munication company. Several other parties are sub-
contractors to the consortium. The centre's main du-
ties are to improve expertise in the building industry,
promote consumer information and help develop solu-
tions for energy efficiency renovation. The knowledge
centre has alimited budget but it is expected that this
will be increased through public/private collaboration
in the form of cooperation with companies. In addition
to the knowledge centre, there is a need for develop-
ment of guidelines and instructions for workmen and
other partiesin the construction industry. It is also
necessary to encourage training. These additional
efforts ought to be made by the private and the public
sector in collaboration and an annual sum of DKK 50
million ought to be earmarked for the activities.

BUILDING SHELL 2020-2030

The SBireporti03 also identified energy savings of 58
PJ which can only be made if all structures that are
more poorly insulated than the good, average stand-
ard for walls, roofs, floors and windows are replaced
so that they meet current renovation requirements.
The total investment for this initiative is estimated
at DKK 398 billion based on current technology and
energy prices. This means that these energy savings
are not currently viable.

103. SBi 2009:05 Potential energy savings in the existing build-
ing stock

However, a significant proportion of the energy sav-
ings that are not currently viable can be initiated in
connection with the viable savings. It is probable that
technology and experience of renovation will ad-
vance technologies and solutions that, today, are not
viable but, with the technologies and energy prices of
2020, will become viable. This means that structures
that are notrenovated together with the viable reno-
vations will be renovated at a later stage.

The energy-saving measures that are initiated in the
buildings that will not be renovated before 2020 will
reduce structures to alevel that is comparable with re-
quirements that applied to structures in new buildings
in 2005. This entails a further energy saving for dwell-
ings and offices of 21 PJ (approx. 14 % of the energy
consumption calculated for heating and hot water). To-
talinvestment amounts to approx. DKK 200 billion and
the additional cost of carrying out the improvements
together with improvements that are already planned
is estimated at approx. DKK 62 billion. The reason why
these savings are more expensive is that the proce-
duresin the remaining structures (that will not be ren-
ovated before 2020) are more extensive. As a result of
the initiatives that will be launched between now and
2020, new solutions will be developed and the costs will
bereduced. Therefore, this is a conservative estimate
as current prices have been used as a reference.

The energy savings ought to be assessed in relation
to the energy supply system. Thus, energy savings in
buildings connected to the district heating system
are compared with alternative potential for energy
savings in the district heating system and with alter-
native scenarios whereby the district heating system
is converted to renewable energy and CO; neutral
energy supply. It is particularly important to subject
all initiatives that require significant structural pro-
ceduresl104 to this analysis.

Itisassumed that the financial opportunities and
incentive schemes will continue beyond 2020.

104. Heating Plan for Denmark
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BUILDING SHELL 2030-2050

The Climate Plan 2050 presupposes that almost all
structures that were erected before 1995 have under-
gone energy efficiency renovation before 2030 and
that only a few additional initiatives are required.

Building components with a life span of less than 20
- 25years, such asinsulated window panes, will be
replaced continually. Components will be replaced in
connection with ordinary maintenance and will re-
duce energy consumption further.

TECHNICAL INSTALLATIONS 2010-2030

The SBireportl05 identified energy savings that could
be made if the building stock’s technical installations
were improved. Potential savings amount to approx.
20 PJ, which is approx. 13 % of the energy consump-
tion calculated for heating and hot water in dwellings
and offices. The total cost of improvements to the
building stock’s technical installations amounts to ap-
prox. DKK 34 billion. It has not been possible to obtain
exact information about the extent to which the cost
of improvements to technical installations could be
reduced if these improvements were carried out to-
gether with planned improvements or maintenance.

Energy efficiency renovation of the technical instal-

lations ought to be carried out together with renova-
tion of the other building stock and should be stimu-

lated, in exactly the same way, by financial incentive
schemes for property owners, as mentioned in previ-
ous paragraphs.

ECONOMY AND FINANCING
IN RESIDENTIAL RENOVATION

The total costs connected with the performance of
improvements in the period until 2020 is approxi-
mately DKK 198 billion. If the investments are per-
formed in connection with general residential reno-

vation and together with planned improvements or
replacements, the marginal cost will be only approxi-
mately DKK 38 billion.

The total building and construction investments
amount to approximately DKK 180 billion. Investments
inresidential building are approximately DKK 100
billion, of which approximately DKK 65 billion is new
build and DKK 35 billion concerns renovationio. Reno-
vation is primarily additions to existing buildings, new
kitchens and bathrooms. Energy renovation is limited
and itis estimated that financial benefits must be
formed in order to promote energy renovation.

The climate plan therefore establishes annual sup-
port of DKK 400 million for building renovation in
the period 2010-2020, equivalent to approximately 2
percent of the costs of building owners in the period.
As stated, thisinvestment together with the other
initiatives will promote renovation.

The total investments for residential renovation

in the period 2020-2030 are approximately DKK 200
billion, where the extra costs for performing the
improvements together with previously planned im-
provements are estimated to be approximately DKK
62 billion. The climate plan presumes that these in-
vestments can be implemented without direct public
support, however they will be commenced through
long-term planning that will also include discussions
on energy charges and residential taxation.

There is therefore a need for other initiatives that
can promote incentives for building owners to reno-
vate buildings. It is recommended that differentiated
taxation and building loans be considered so that the
building owners who make savings also achieve spe-
cial benefits. It should be evaluated whether property
taxation can be based on energy consumption. For
example, energy neutral buildings in the RESIDEN-
TIAL+ standard may be entirely or partially exempt

105. SBi 2009:05 Potential energy savings in the existing build-
ing stock
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106. DI construction materials building prognosis for 2008 and
2009



from property taxation, which will promote the de-
velopment of this type of residence.

Itisrecommended that particularly favourable loans
be created, which have been demonstrated to be a
very valuable incentive in promoting energy sav-
ings. Examples from Austria and German have dem-
onstrated that favourable lending promotes energy
savings and the integration of renewable energy.

The German climate target to reduce the emission of
greenhouse gases by 40 percent in 2020 (basis year
1990) has led the federal government to inject extra
funds that are targeted at making existing building
mass more energy efficient. The federal government
has thus quadrupled the support for energy redevelop-
ment of buildings since 2005. In addition to the federal
government's support schemes, individual states have
implemented their own energy efficiency programmes.

In Germany supportis given through the German re-
generation bank Kreditanstalt fiir Wiederaufbau (KfWw),
i.e.through the KfW Forderbank (deposit bank). The
bankis a publicinstitution with an annual turnover

of DKK 4,000 billion. Via KfW Férderbank the German
government provides cheap loans, direct contributions
and tax relief for trade duties for energy efficient reno-
vation. The framework limit in the years 2006-2009 is
euros 1.4 billion a year. The overarching goal is to reach
householders who otherwise would not have consid-
ered energy savings when repairing their buildings.
The targetis an annual CO; redevelopment of five per-
cent of buildings that are more than 30 years old. Sup-
portisgivenin the form of a 30-year loan at low inter-
est with the potential for five repayment free years.107

There are examples of the financial sector working
on financing packages for housing renovation and
there is a need to encourage this development more.

107. SBireport 2009.06 Means for promoting energy savings in
buildings

For example, on 1 April 2009, Spar Nord Bank
launched a consultancy concept entitled: “Energy-
Efficient Housing Consultancy”. The philosophy be-
hind the concept is to calculate the total cost of the
individual family’'s housing investments. There are
two dimensions to the consultancy. One of the aims
is to reduce the household’s consumption costs. The
other, significant objective is to ensure the value of
the house on an energy market on which consump-
tion costs are expected to constitute an ever increas-
ing proportion of the family’'s housing costs.

Energy-Efficient Housing Consultancy is based on
collaboration between Spar Nord and Energi Nord.
Spar Nord collects a range of key data on the indi-
vidual home and Energi Nord prepares a screening
of the potential for energy savings in the house in
guestion - an energy report. This report compares
the technical and financial potential in the individual
home and provides homeowners with a well-planned
foundation on which to base their decisions. This
helps prepare them for action or to look for further
information.

It can be difficult to perform energy savings in the
non-profit residential sector. There is therefore a
need to evaluate how this sector can be made more
energy efficient. There are several reasons to indi-
cate bringing the National Building Fund's assets
into play and this should be included in future con-
siderations. One report from the Ministry of Social
Affairsindicates that DKK 161 billion should be spent
over the coming 20 years. The paradox arises here
thatresidential policy in recent years and the use of
the National Building Fund’s assets for financing new
old age and nursing residences have resulted in the
National Building Fund only having limited potential
to provide support for renovation projects. It is rec-
ommended that political measures be taken to pro-
mote energy savings in the public sector.
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ELECTRICITY SAVINGS IN BUILDINGS, WITH
THE EXCEPTION OF INDUSTRIAL BUILDINGS

Electricity consumption in buildings will increase as
the number of appliances increases if independent
initiatives are not introduced. However, it is assessed
that, by 2030, we will be able to reduce electricity
consumption in households to a level equivalent to

50 % of current consumption if we introduce mecha-
nisms that promote the most energy-efficient solu-
tions and phase out the worst.

Thus, the Danish Electricity Saving Trust assesses
that electricity consumption in buildings can be
halved if we merely replace current appliances with
the best low-energy appliances!08. In addition, if ap-
pliances are replaced on a continual basis, there will
be no additional cost involved.

The Danish Electricity Saving Trust's initiatives
and campaigns have had a significant impact on the
reduction of electricity consumption and it is impor-
tant to continue to focus on consumer information.

In order to encourage the use of the most energy-
efficient products, it is necessary to boost consumer
information, consumer campaigns and labelling. It is
assessed that the Danish Electricity Saving Trust's
funds ought to be doubled from DKK 90 million per
year to DKK 180 million per year. The Climate Plan
2050 recommends that all energy-saving activities be
assembled in a common trust so that the various dif-
ferent activities can be coordinated.

The EU isin the process of introducing a wide range

of standards for the maximum energy consumption of
appliances. The introduction of these types of require-
ment is, presumably, the most efficient way of achiev-
ing reductions. Thus, Danish politicians and EU par-
liamentarians have an important task ahead of them;
ambitious standards for electricity consumers’ appli-
ances must be defined under the auspices of the EU.

Integration of renewable energy
technologies in buildings

Renewable energy can be integrated into buildings
that are not connected to the district heating system
or that are connected to the part of the district heat-
ing system that is based on fossil fuels.

In order to encourage the use of renewable energy
forms, building reqgulations must require that renew-
able energy be integrated into all buildings outside
the district heating system when renovation activi-
ties are carried out. The long-term goal for 2050
ought to be that 100 % of all energy supplied to these
buildings must be renewable energy.

As a supplement to legislative requirements, the inte-
gration of renewable energy can be increased by initiat-
ing incentive schemes equivalent to the schemes initi-
ated in connection with energy efficiency renovation.

An annual sum of DKK 100 million ought to be ear-
marked to encourage renewable energy in buildings
outside the district heating system.

INTEGRATION OF SOLAR THERMAL SYSTEMS

Solar thermal technology is a simple technology that
hasbeen tried and tested over the course of many
years and has now reached the stage of its develop-
ment at which solutions become standard solutions.
It is estimated!09 that solar thermal systems can pro-
duce 4 TWh to cover energy consumption for hot wa-
ter and room heating. This is equivalent to the output
from 6 million m? of thermal solar panels installed on
buildings in Denmark.

Half of this goal can be achieved by 2020 and three
guarters by 2030, which is equivalent to the installa-
tion of 4 million m2 of solar panels by 2030. A system
that heats hot water costs approx. DKK 25,000 and

a system that provides hot water and room heating

108. The Danish Society of Engineers’ Energy Plan 2030
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costs approx. DKK 40,000. The simple energy price for
solar thermal energy is DKK 0.5 /kWh.

USE OF THERMAL PUMPS

Thermal pumps are not renewable energy; they
change the form of the energy. Heat is produced by
electricity at a high rate of efficiency.

One example of this particular development is a so-
lar thermal pump, developed jointly by Danfoss and
Sonnenkraft. Solar heatis the primary energy form
which is supplemented by a thermal pump, and solar
energy is used to increase the utilisation coefficient
in the thermal pump. The solar thermal pump can be
used for heating and hot water in dwellings.

Thermal pumps and solar thermal pumps can replace
traditional heating systems, such as oil-fired central
heating or natural gas, in energy-efficient buildings
outside the district heating system.

The advantage of using thermal pumps in existing
buildings is that fossil fuels are superseded by electric-
ity that can be produced by renewable energy sources.

INTERACTION BETWEEN RENEWABLE
ENERGY IN BUILDINGS AND THE DISTRICT
HEATING SYSTEM

In connection with the expansion of the district heat-
ing system to cover 70 % of the total building stock, it
is appropriate to consider whether renewable energy
technologies can be integrated into buildings that are
located a long way from the district heating station.
The advantage of this solution is that energy is pro-
duced close to where it will be used, which minimises
loss from the supply network, e.g. in summer months.

Demonstration projects are currently underway which
show ways in which renewable energy can be integrat-
ed, both in the form of large systems in district heating
stations and in small systems closer to buildings, = see
figure 19in the paragraph on the energy system.

USE OF SOLAR CELLS IN EXISTING BUILDINGS

The Danish Society of Engineers’ Energy Plan 2030
identified that 2 % of the electricity consumption

in 2030 can be covered by solar cells integrated into
buildings. The price for this initiative would be DKK
7,500/kW in 2016 and DKK 3000/kW in 2030.

Climate Plan 2050 assumes that this development
will increase up to 2050 so that 5 % of the electricity
consumption of buildings is covered by solar cells
integrated into buildings by 2050.

EMPLOYMENT

The number of persons employed in the building sec-
tor in recent years has been historically high and

in the second quarter of 2008 amounted to approxi-
mately 177,000 within building and construction.
With an average annual investment in the building
sector of approximately DKK 20 billion for residential
renovation in the period 2010-2030, the investments
inresidential renovation will be increased by 50 %
and increase employment in the sector by approxi-
mately 20,000 workplaces/year.

Itisnecessary to strengthen the building sector’s com-
petences within energy renovation. There is therefore
aneed to develop guidelines and training of players in
the construction industry so that knowledge of energy
efficient solutions will become standard. In connection
with this it will be necessary to establish further edu-
cation, and the climate plan will result in the invest-
ment of DKK 50 million per year in the period 2010-2020
for further education of construction workers as well
as the development of better guidelines and informa-
tion on energy saving building and components.

This initiative will mean that the Danish building
industry will obtain many special competences that
can also be used in relation to the export of building
materials, competences and knowledge. The value of
thisincreased export potential and its social value is
notincluded in the climate plan
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summary:
Transport

Intermediate objectives, Climate Plan 2050

2015

= Energy consumption of road transport will be approx. 0.4 % more efficient per year
= Transportinitiatives have been launched, otherwise it will not be possible to meet targets by 2030 and 2050

2030

= Energy consumption of the transport sector reduced by 21 % compared to 2008.
= Total vehicle traffic reduced by 18 % due to focus on physical planning, urban densification and restruc-

turing of the taxation system.

= 45 % of passenger car and goods vehicle traffic are electric.
= Half of the growth in goods traffic by road can be transferred to rail and sea by 2030.
= 95 % of all rail transport covered by electrically driven trains.

= Domestic air trafficis reduced by 95 %

= Energy-efficiency of the shipping industry improved by 40 %.

2050

= Energy consumption of the transport sector reduced by 38 %.

= 80 % of passenger car and goods vehicle trafficis electric.

= 20 % of trafficisdriven by alternative fuels (hydrogen, DME etc.).

= Air traffic to destinations that can be reached by train within three hours no longer exists.
= Energy-efficiency of the shipping industry improved by 60 %.

= Biomass to the equivalent of 75 PJ in calorific value is used in the transport sector.

MEANS

= Regional town and country planning must con-
tribute to the limitation of energy consumption by
transport by increasing the use of regional plans.
New residential areas will be centred on railway
stations and the location of large residential areas,
commerce and shopping facilities in the same local
neighbourhood will be supported. Permission will
be given for larger plot ratios around stations and,
in addition, the taxation system shall aim to sup-
port urban densification.

The vehicle registration fee will be restructured
on a proceeds neutral basisin order to encourage
people to buy more efficient and safer cars. Within
a ten-year period, the vehicle registration fee will
be converted to a road pricing system which sup-

ports the goals for low emissions. Electric cars
ought still to be given special advantages.

Over the next 30 years, DKK 200 billion ought to be

invested in the extension of light railways and the

metro. The rail network ought also to be developed
and improved so that it becomes a real alternative

to the car.

All Danish towns ought to be given the opportunity
to introduce environmental zones that gradually
increase emission requirements for vehicles cross-
ing the city boundary. The ultimate goal is to pre-
vent all vehicles apart from emission-free vehicles
from entering towns.
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= The Ministry for Traffic and Energy and local au-
thorities ought to take the initiative to prepare an
action plan detailing the best ways in which to en-
courage purchase and use of electric vehicles.

= Tightregulation of short routes by air.



Transport

Transport accounts for 19 % of all Danish emissions of
climate gases and 23 % of CO, emissions alone!l0. Thus,
itis particularly difficult to reduce climate emissions in
the transport sector. This is due to several factors. On
the one hand, transport activities have increased over
the past many years and are expected to grow in the
coming years. On the other, fuels required for traffic
must be able to be transported in a safe manner and, at
the same time, be of a high energy variety. Thus, there
iscurrently noreal alternative to fossil fuels that can
be used for all transport activities.

Therefore, if we are to achieve a significant reduc-
tion in climate emissions, society must put all known
mechanisms into operation. These include:

» Reduction of the climate emissions of the individu-
al transport forms.

Transfer of transport activities to the forms of
transport with the lowest climate emissions.
Physical planning and urban densification that can
reduce transport activities.

18000

This development presupposes considerable develop-
mentsin technology up to 2030 and 2050. However,
technological development rarely appears of its own
accord and, therefore, it is of crucial importance that
the social environment supports the technological
development. One example of this is the electric car.
It appears that there is significant potential for the
development of workable concepts for electric cars.
However, in order for these to be a success, they must
be supported by a suitable tax system.

It must be stressed that technological development
isnot enough on its own. Other, cleverer ways of
handling our means of transportation must be de-
veloped concurrently. Thus, it should not be taken
for granted that every family should own a car to be
used for a wide range of different purposes. Car shar-
ing schemes and various rental and leasing concepts
will enable consumers to use one type of car for their
daily transport to work and another type of car for
holidays or larger transport needs.
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Figure 37: Development in transport’s CO; emissions, by sub-sector and in 1000 tons

110. Denmark’'s national inventory 2008
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More consistent physical planning that concentrates
on ensuring that all new dwellings and industrial
areas are constructed close to stations will also be

of crucial importance and improved integration be-
tween walking/cycling, cars and public transport will
also be of great significance.

Urban planning - limits
the need for transport

The current, dominant form of urban planning with
increasingly segregated residential areas, industrial
areas, shopping areas etc. increases the general need
for mobility and transport. This is further supported
by several current taxes and duties, e.g. the trans-
port allowance and the high duty on the purchase of
cars but no tax on mileage.

In order to reduce daily private transport activities
it is absolutely necessary that people living in and
around towns are able to meet their transport needs
with limited requirement for transport by car. This
can be done by ensuring a varied selection of attrac-
tive business opportunities and shopping facilities
in the local area, preferably within cycling distance
of people’s homes as well as easy access to attractive
public rail transport - also preferably within cycling
distance.

Areduction in daily private transport activities fur-
ther requires that, to an increasing extent, people
live in and around towns. If people move from scat-
tered, rural areas to towns or suburbs, it will be much
easier for them to cycle and to serve them with pub-
lic transport. Similarly, they will be closer to shops,
schools and leisure activities.

This requires long-term management, a range of gen-
eral planning principles and planning authorities with
the competence and power to implement the plan. It
isimportant that the Ministry of Environment, which
after the structural reform was made responsible

for regional planning, assumes responsibility for this
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project together with regions and local authorities.
The tax system must also contribute to this develop-
ment, e.g. through differentiated property taxes, re-
duction of or abolition of mileage allowance etc

The increase in road traffic
must be stopped

Restructuring of the Danish tax on private cars
would be a key factor in reducing road traffic.

One optionis to convert the vehicle registration fee
to a mileage tax, thus taxing consumption rather
than car purchase. From a technical point of view,

a mileage tax could be introduced with the help of a
GPS-based road pricing system. A restructure of this
kind could be implemented over a 10-year period on a
proceeds neutral basis.

Complete phase-out of the vehicle registration fee
and conversion to a mileage tax corresponds to an
average tax of DKK 0.75 per kilometre. It is assessed
that this will reduce the total number of kilometres
drivenin private cars by 15 %!111. The mileage tax
ought to be set up such that safe and energy-efficient
cars pay less tax thanlarge, heavy petrol guzzlers. A
gradual phasing out of the mileage allowance ought
also to be seriously considered.

However, financial mechanisms alone will probably
not curb the growth in the use of private cars. Apart
from the practical advantages, there are many other
reasons for wanting to own and use a car, e.g. culture,
habit and the sense of freedom. Even the waiting
time in the traffic jam on the motorway on the way
towork in the morning can be perceived as welcome
leisure time (perhaps the only time of the day), a good
excuse torelax and listen to the radio. It is impor-

111. Allthings considered, an assumed price elasticity of -0,3
would mean areduction of 15 % in the number of kilome-
tresdrivenin private cars. Based on an assessment by Per
Homann Jespersen, Roskilde University Centre



tant to understand this if we wish to change people’s
transport behaviour. Therefore, additional research
in this area will also be important.

Extension of the car share concept will have a damp-
ening effect on the use of the private car as all ex-
penses associated with purchase and use are related
to the actual driving of the car. Today, there is alarge
initial expense when the car is purchased but, after
that, use of a private car is relatively cheap. An ex-
tension of the car share concept can be encouraged
by providing shared cars with free parking in towns,
asisalready the case in Copenhagen. In addition,
more flexible leasing and rental agreements could
support more differentiated use of cars, e.g. the car
thatis used for the daily commute is not necessarily
the car that is used for the family holiday.

Urban traffic based on
collective solutions and bicycles

The need to be able to get around easily, particularly
in the largest cities and the need to reduce energy
consumption are powerful reasons for making signif-
icant changes, moving from the car to public trans-
port and providing bicycles with a more central role
in towns and suburbs.

The issue of congestion around the largest citiesis a
self-perpetuating problem. More and larger approach
roads often increase congestion in the cities, and
buses, in particular, are hard hit by the increase in
traffic intensity. As a result, more and more people
choose the car. This vicious circle could be broken
by limiting the volume of traffic in several different
ways. Congestion tax could be introduced, initially
in Copenhagen. It is assessed that road pricing in the
capital could reduce road trafficin Copenhagen by
almost 15 %. This is approximately equivalent to the
traffic during the summer period.

If we are to encourage a change from the private car
to other forms of transport, it is just as important to

create attractive alternatives to the car and to im-
prove opportunities for switching between the dif-
ferent forms of transport. For example, good parking
conditions (park and ride facilities) at stations make it
more attractive to switch between car and rail trans-
port. For shorter distances, extensions to stations
with more access roads and safe, fast cycle paths com-
bined with taxes on the use of cars in cities encourage
commuters to replace their car with a bicycle.

Isolation of cycle paths from other traffic and partial
cover of the paths will increase the speed of cycle
trafficand make it more comfortable and competi-
tive. The diffusion of electrical bicycles can also con-
tribute to this development.

Modern light railways in and around the larger cities

would also provide an alternative to the car, as would
anincrease in the capacity of the commuter trains in

Copenhagen. Greater capacity and new light railways
are efficient and inexpensive ways of increasing mo-

bility around town.

Buses also play a decisive role in the transfer from
car transport to public transport. Buses must first
and foremost bring people from their home to sta-
tions from where their journeys can continue by
train, light railway or metro. In areas where railways
systems have not been built, buses can also function
as the backbone of the collective transport system. In
the coming year there should be further work on the
construction of demand controlled transport sys-
tems that integrate a special routes (medical trans-
ports, school runs, etc.) into general public transport.
This will strengthen public transport’'s overall com-
petitive ability. Similarly more buses must be able to
convey bicycles - this is particularly important for
regional bus traffic.

INVEST MORE IN RAIL TRANSPORT

If the railways are to be areal and attractive alterna-
tive toroad transport, an extensive renovation and
expansion will be necessary. If the train is to be an at-
tractive alternative to the car, it must provide com-
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fort; transport time is quality time that can be used

efficiently on, e.g., work. There must be frequent de-
partures, coordinated timetables and, perhaps most
important of all, trains must run on time.

From the perspective of renewable energy and reli-
ability of supply, it will be important to ensure that
large parts of the railway network run on electricity.
The government's traffic plan contains this element
but does not state a precise deadline. Away from the
main lines, electrification could, perhaps, be concen-
trated around the stations where trains accelerate
and decelerate. This could be combined with the intro-
duction of hybrid trains whose batteries are charged
by brake energy on the stretches that are electrified.

All train types equipped with hybrid technology will
provide CO; and emissions benefits. These hybrid
benefits will become even more important in the fu-
ture, for example when legislation further limits the
use of internal combustion engines at stations and in
inner city areas. It is expected that use of the whole
spectrum of hybrid functions (automatic start-stop,
regeneration of brake energy, support during accel-
eration (boost), electric ignition and distribution of
load) will result in a reduction in energy consumption
of up to 30 %. The greatest saving can be made on
stretches with many starts and stops. Furthermore,
the hybrid system means that, to alarge extent, it
will not be necessary to start the internal combus-
tion engine when a train stops at a station. The ad-
ditional cost of cables, batteries and cooling systems
is moderate and is almost completely offset by the
savings that can be made (by cutting back on internal
combustion engines, cutting out 24V batteries and
start measures). If suitable hybrid technology is used,
due to the auxiliary power in the train, the IC engine
will only need to be started when there is a real need
for energy (power on demand).

The government's traffic plan also specifies imple-
mentation of the so-called time schedule, i.e. travel
time of one hour between Copenhagen and Odense,
between Odense and Aarhus and between Aarhus
and Aalborg. This requires investment in new tracks
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between Copenhagen and Ringsted and a further
upgrade of infrastructure.

The government’s traffic plan also includes replace-
ment of the existing signal system with a new system
based on the common European ERTMS. This will
enable greater speeds and greater distance between
trains!l2 and will permit the implementation of high-
speed traffic where track and rails allow.

A modern traffic management system for the rail-
way will provide CO, reductions due to the potential
for “smoother operation” which prevents additional
stops at signals, e.qg. if there are delays to the trains
in front etc. There is increasing international inter-
estin activities that are able to ensure this. In some
countries, thisisreferred to as ECO controlling and
it can be compared to the intelligent traffic manage-
ment system that is used for road traffic.

In order to be able to compete with air traffic, it is
vitally important that Denmark join the European
high-speed network via a new connection over Zea-
land to Femern and beyond into Germany. The new
stretch of railway between Copenhagen and Ringsted
ought to be part of this connection and, therefore,
ought to be prepared for high speed trains - prefer-
ably 350 km/hour. However, it is crucial if thisis to
succeed that the German network south of Puttgar-
den is significantly extended and upgraded.

Itis assessed thatit will be necessary to invest approx.
DKK 200 billion113 gver the next 30 years in an exten-
sive renovation of the Danish rail network and signal
systems, electrification of the main network, addition
of high-speed trains and light railways and extension
of the metro in Copenhagen114. DKK 200 billion over

112. Higher frequency or better regularity

113. This sum was also highlighted in the Energy Plan 2030.
Since then, the government has introduced the green
investment plan but this only defines a price and deadline
for the signal project. Therefore, there is still a need for
large investment in this area.

114. Based on anassessment by Professor Otto Anker Nielsen, DTU.



25yearsisalarge investment but, seen in relation to
the cost of congestion on the roads in the capital alone
(@almost DKK 5.7 billion a year) and the fact that the
investment will help solve a number of energy-related
problems, it holds economic benefits for society.

This will be able to create areal and attractive al-
ternative to car transport and it is expected that an
expansion of this magnitude will be able to handle

a doubling of rail transport’s proportion of private
transport activities, at the expense of private motor-
inglls. In addition, a good deal of domestic air traffic
will be rerouted to the railways. If the future Danish
high-speed network is connected to the Swedish and
German high-speed networks, experience of exten-
sion of high-speed networks in other countries shows
thatrail transport will be able to compete with
flights over distances equivalent to the route be-
tween Stockholm and Berlin. In addition, a reduction
in the price of public transport may be considered in
order to make this more attractive.

Addition of high-speed tracks for high-speed trains
will also create much better conditions for goods
transport. Other tracks will be freed up for goods
transport and goods trains will no longer interfere
with faster trains. Goods traffic will be able to be
more frequent and faster than today and thisisa
vital if we are to convince the business community
to move their goods transport to the railways. It is
also important to develop efficient systems for load-
ing between trains and lorries so that goods can be
transferred quickly and easily.

As anincentive to transfer a proportion of the goods
transport from road to rail, Denmark ought to intro-
duce a tax on goods transport by road similar to the
German MAUT?!16, [f this is done together with the pro-
posed expansion, as will be the case with private trans-

115. Based on an assessment by Alex Landex, lecturer at DTU.

116. MAUT is a taximposed on vehicles in Germany, Austria
and Switzerland. In these countries, all vehicles over
3.5tons arerequired to pay an additional tax to use the
motorways and some highways.

port, we will be able to expect a doubling of the propor-
tion of goods transported by rail instead of road

ENERGY EFFICIENCY OF THE
PRIVATE CAR MUST BE IMPROVED
- THE ELECTRIC CAR IS THRIVING

The internal combustion engine is today by far the dom-
inant technology in the field of road transport. There is
currently good potential for increasing its energy effi-
ciency but, when we look at its development history, we
can see that there have only been small improvements
toits efficiency over the past many decades.

The average CO;emissionis currently 200g CO, per
kilometre. However, there are a number of cars on the
market that have significantly lower CO, emissions
and that can be promoted at neutral cost by combin-
ing changes to vehicle registration fees with a further
increase in green owner taxes. Thus, a new taxation
system ought to provide energy-efficient and safe cars
with further benefits. The EU Commission is working
toreduce the CO; emission of new cars to 100g per km
by 2020. Denmark ought to put pressure on the EU to
impose even stricter requirements for energy efficien-
cy and, thus, CO; emissions on car manufacturers.

Fuel cell-based cars, hybrid cars and electric cars are
all alternatives which carry a promise of significantly
improved efficiency compared to traditional cars. Of
the three technologies, it is assessed that the hybrid
and electric cars will be the first to break through onto
the market. The hybrid vehicle that is a combination
of anIC engine and an electric engine is already avail-
able in a number of versions and, due to developments
in battery technology there is considerable potential
for both the hybrid and the electric car.

From a technological point of view, the hybrid cars
provide an excellent platform for the development

of fuel cell vehicles and purely electric vehicles with
batteries. The fuel cell-based car will probably not see
a breakthrough for some years yet. Today, fuel cell-
based cars can be developed based on PEM (Polymer
Electrolyte Membrane) technology with hydrogen as
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the energy carrier. However, from a financial point of
view, these cars are far from viable. The Climate Plan’s
targetis for 20 % of private and goods transport to be
powered by hydrogen, DME or similar by 2050.

The greatest hindrance to the widespread circulation of
the electric car has always been the battery. However,
development has taken off over the past 10 yearsand
batteries now have adequate technical features. In ad-
dition, new, inexpensive battery technologies continue
to be developed. Today, the best lithium-polymer bat-
teries have an energy density of 0.2 kWh/kg and can be
recharged in less than an hour. With the electric car’s
high efficiency rate (70 - 80 %), consumption of approx.
0.2kWh/kg in the case of a car for 4 people plus baggage
and a top speed of over 100 km/hour, the operating radi-
us of a fullyloaded car with a battery of 40 - 50 kWh and
aweight of 200 - 300 kg is 200 to 300 km. By comparison,
acarwith anIC engine will use 0.5-0.6 kWh/km117.

Thus, the efficiency of the electric car is two to three
times better than that of the IC engine. As 70 % of

all electricity production in the Climate Plan 2050 is

based on wind power, electric cars will be extremely
advantageous, both from the point of view of supply

and with respect to the reduction of CO, emissions.

In addition to this, when they are connected to the
electric system, the batteries of electric cars will help
increase the flexibility of the electric system signifi-
cantly, and this flexibility is necessary when there is

a high proportion of fluctuating renewable energy in
the system. The cars’ intelligent charging systems pur-
chase electricity from the mains supply when there is
an excess of electricity in the system and electricity is
inexpensive. They sell electricity to the mains supply
when there is a shortage and electricity is expensive.
Thus, electric cars combined with wind power will be
able to provide a renewable energy solution for a good
deal of transport activities. This is the basis for several
of the projects currently in progress at DONG.

117. Per Jgrgensen Mgller, chairman of the Danish Society for
the Promotion of Electric Cars.
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It is assessed that, during the course of the next 10
years, the electric car can become an attractive op-
tion for certain transport activities and, in the long
term, can make a considerable contribution to trans-
port activities in general. In the future, and after the
product has matured and is being mass produced, it
is expected that the electric car will cost the same as
acar with anIC engine and efficiency will reach 90 %.
According to The IDA Climate Plan 2050, 45 % of pri-
vate and goods transport will have been transferred
to electric vehicles by 2030 and, by 2050, 80 % of all
private and goods traffic will be electric.

In cities in particular, electric cars will be an extreme-
ly attractive alternative and will help reduce particle
pollution. As electric cars are most suited to short
trips, due to their limited operation radius, an obvi-
ous choice will be to support the circulation of elec-
tric carsin environments close to cities. Widespread
circulation of the electric caris an important task for
local authorities in their endeavours to improve the
urban environment. Therefore, local authorities and
the Ministry of Transport are encouraged to take the
initiative to prepare an action plan detailing the best
ways in which to promote the electric car.

In the longer term, environmental zones in cities, in
which only emission-free cars may travel, could be
an option. In order to kick start this development, it
will be worthwhile to implement a pilot project in the
near future in a specific area, with limited distances
and an excess of electricity (e.g. the island of Samsg).

ITS (intelligent traffic systems) provide excellent
potential for improving the efficiency of trafficin
general. For example, they supply constantly updated
information to citizens about traffic conditions, op-
tions for changing between forms of public transport
and they support improved traffic management that
will ensure more uniform speeds in cities and, thus,
minimise idle time that creates pollution and con-
sumes more energy. Intelligent traffic systems are not
anindependent point on the Climate Plan’s agenda but
help limit general transport activities and transfer
between various different forms of transport.



Stop the increase in air traffic

The development in the effect of air travel on the cli-
mate greatly depends on international development.
Air travel is therefore an area in which it is difficult
toregulate at a national level. In the section below
itisexpected that developmentin Danish air travel
will occur in line with international development.
However regional regulation of short routes that are
difficult to perform by train is expected.

Air traffic subjects the global climate to more than
CO,, i.e. NOy, H50, SOy, carbon and condensation
clouds. The most recent assessment report from the
IPCC118 calculates that the impact on the climate by
air trafficis 1.2 to 2.7 times greater than the actual
CO, emissions of air traffic as a wholell9. There is no
“best estimate”120. Short routes, e.g. Danish domestic
routes, during which aircraft do not reach the high
altitudes of the longer routes, will of course have
lessimpact on the climate than average. On the other
hand, long routes will, on average, have more impact
on the climate. If several of the short routes are re-
placed by rail transport in the future, the proportion
of long routes will increase and the resulting multi-
plication factor will be greater.

{ Domestic | International | Total

Tons of CO; 175000 2701000 2876 000

Tons of COz-eq. 350 000 5403 000 5753000

Table 12: CO; emissions and total impact on the climate
by Danish air traffic in 2007 (multiplication factor 2)

118. IPCC Fourth Assessment Report, Working Group I Report
"The Physical Science Basis”, chapter 2.6

119. Thisvalue is based on the Radiative Forcing Index (RFI). The
assessmentreport also calculates the Emission Weighting
Factor (EWT) atbetween 1.2 and 2.7. The EWT has a built-in
delay, therefore the RFIis a more appropriate matrix for
political decisions on climate for the coming decade.

120. Amultiplication factor of 2is used in The IDA Klimaplan 2050

Improvements to fuel efficiency in air traffic activi-
ties can be divided into two categories. The first cat-
egory relates to traffic management and operational
improvements, i.e. coordination and control of the air
space, removal of excess weight, optimisation of the
speed of aircraft, limited use of auxiliary generators
when the aircraft is on the ground, better cabin fac-
tors and exploitation of loading potential etc. The
second category relates to technical improvements
to aircraft. Average fuel economy is improved when
new, more efficient aircraft are introduced. New air-
craft areimproved, e.g., by making improvements

to the engines and implementing aerodynamic (air-
frame) improvements.

Up to 2020, the efficiency of new types of aircraft
will be determined based on the manufacturers’

own specifications of the aircraft on the drawing
board, e.g. the Airbus A350 and the Boeing B787 are
expected to be 20 % more efficient that their closest
predecessors from the beginning of this century. The
Airbus A380 will be 12 % more efficient that the Boe-
ing 747-400121. Smaller jet aircraft are also expected
to be more efficient than their closest predecessors.

The development of and switch to new types of air-
craft takes along time. It is probable that aircraft
types that are not currently on the drawing board
will be introduced before 2030. The target of the Eu-
ropean aircraft manufacturing industry is for new
aircraft to be 50 % more energy-efficient by 2020
compared to 2000122, Table 12 indicates expected fuel
improvements for the total fleet and a total improve-
mentin efficiency of 30 % between 2005 and 2030.

121. UK Air Passenger Demand and CO; Forecasts, November
2007, http://www.dft.gov.uk/pgr/aviation/atf/ukairdemand-
andco2forecasts/airpassdemandfullreport.pdf

122. 2008 Addendum to the Strategic Research Agenda, Advisory
Council for Aeronautics Research in Europe (ACARE), http://
www.acare4europe.com/docs/ACARE_2008_Addendum.pdf

THE IDA CLIMATE PLAN 2050 | 133


http://www.dft.gov.uk/pgr/aviation/atf/ukairdemandandco2forecasts/airpassdemandfullreport.pdf

Average annual improvements

in fuel efficiency
Tragzgt:.rftoi.l"ﬂﬂ7 IPCC1999
2005-2010 0,8 % 1,30 %
2010-2020 1,6 % 1,00 %
2020-2030 0,6 % 0,50 %
2005-2010 0,8 % 1,30 %
2005-2030 1,0% 0,90 %
Samlet 2005-2030 29,7 % 33,00 %

Table 13: Average annual improvements in fuel efficiency
up to 2030. Source: Department for Transport's report123

Projections for fuel efficiency specifically relating to
the period after 2030 are not yet available. The IPCC
assesses that efficiency will improve by 0.5 % per year
after 2021 and the Department for Transport expects
an efficiency improvement of 0.75 %. Fleet efficiency
will be improved by 15.3 % between 2030 and 2050
based on the Department for Transport’s forecast

TECHNOLOGIES BEHIND
EFFICIENCY IMPROVEMENTS

There is a wide range of improvements with the po-
tential to improve the efficiency of fuel for air traf-
fic. One example is the propeller aircraft (turbo fan).
These aircraft use significantly less fuel than jet
aircraft. However, they are slower due to the limited
speed of the propeller tips and they are very noisy.

The technical challenge of developing and manufac-
turing alternative fuels that are suitable for aircraft
is great. It is not easy to determine whether conven-
tional jet fuel is better than an alternative. One aspect
that ought to be examined is the life cycle of emissions
of CO,, NQOy, CHy4, CO, SO, UHC, carbon etc. In addition,
the impact of these substances on the climate in con-
nection with air traffic must be considered, e.g. wheth-

123. UK Air Passenger Demand and CO; Forecasts, November 2007,
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er condensation clouds and cirrus clouds are becom-
ing thickerl24. Thus, the impact on the climate of
aircraft that use alternative fuels as a propellant will
depend, among other things, on our ability to design
the alternative fuels. If it is not possible to design an
alternative fuel thatis better than fossil aircraft fuel,
it would perhaps be better to use biofuel elsewhere.

TAKING THE TRAIN FROM
COPENHAGEN TO AARHUS

By 2030, we can expect clear, unpleasant signs of cli-
mate change. Therefore, there will be international,
political interest in halting the growth in air traffic,
and possibly especially in air traffic due to the fact
thatitsshort term impact on climate change is great.
Itis assumed that growth will be reduced to a level
equivalent to energy efficiency measures so that CO;
emissions can be held constant.

In the case of domestic air traffic, it is appropriate

to consider the potential for transferring all pas-
sengers to trains if the transport time by train isless
than three hours. If the plan to keep travel time be-
tween the cities on the Copenhagen-Odense-Aarhus-
Aalborgline to one hour at most is implemented, the
journey from Copenhagen to Aalborg will take three
hours. It is also possible to envisage an improvement
of the routes between Hamburg and Copenhagen and
between Aarhus and Hamburg so that the journey
can be made by trainin less than three hours. In addi-
tion to this, Sweden wishes to reduce the travel time
between Stockholm and Copenhagen to three hours.

Today, it takes around three hours to travel between
Aarhus and Copenhagen by train. In spite of this, many
choose to fly. This poses a great challenge, as the Cli-
mate Plan proposes that domestic air traffic has been
reduced to 5 % of the present level in 2030. Realisti-
cally, this will require strict regulation. Furthermore,

124. Aircraft fuelled by hydrogen produce 2.6 times more water
vapour, IPCC assessment report, Working Group III Report
"Mitigation of Climate Change”, chapter 5.3.3



CO; emissions by shipping

the plan presupposes that all air travel between cities

such as Hamburg and Stockholm will be replaced by The proportion of CO, emissions for which shipping
train travel from 2030. It is assumed that the saving to isresponsible is indicated in Table 14125. According to
be made by avoiding air travel when the train journey thelist, shipping is divided into international ship-
takesless than three hours will provide a reduction in ping, between two ports in two different countries,
CO; equivalent to the current national emission. and domestic shipping, between two ports in the

same country. Figures for CO; emissions by inter-
national shipping are based on an estimate of the

i Domestic : Internat : total number of voyages (by type and size of ship)
2005 350 000 5403 000 5753000 | combined with international statistics for oil used to
2030 175000 7609 000 7784000 | ~ POWerships.
2050 - 7259 000 7259000 |

Table 14: Impact on the climate of Danish air traffic
(Tons CO; equiv.)

Proportion of total, global

Lowerlimit : Consensusestimate | Upper limit s -
CO; emissions
Total domesticand interna- = 1 oo, iy 1o 1019 mill. tons 1224 mill. tons 3.3%
tional CO; emissions by ship
1 1 1 0,
g;t;?;fmnal COe emissions 685 mill. tons 843 mill. tons 1030 mill. tons 2.7 %

Table 15: IMO consensus estimates of total CO; emissions by shipping

* Activity based figures including domestic shipping and the fishing industry, but excluding oil for military vessels.
**  Activity based international figures, excluding domestic shipping (defined by the sale of oil to domestic shipping) and exclud-
ing the fishing industry

125. Inrecent years, due to the drastic growth in global ship-
ping, there has been some uncertainty as to the total
volume of energy consumption of shipping worldwide. As
aresult of thisuncertainty and the increased focus on the
environmental conditions of ships, including their emis-
sion of CO,, the UN's international maritime organisation
(IMQ) set up a working group to define, among other things,
total oil consumption for shipping and associated CO;
emissions. The results are presented in BLG 12/INF.10 (28
December 2007), REVISION OF MARPOL ANNEX VI AND
THE NOx TECHNICAL CODE, Input from the four subgroups
and individual experts to the final report of the Informal
Cross Government/Industry Scientific Group of Experts
and MEPC 58/INF.6 (1 September 2008): Prevention of Air
Pollution from Ships. Updated 2000 Study on Greenhouse
Gas Emissions from Ships. This review is largely based on
the IMO's most recent report and an analysis of current
global initiatives to improve the energy efficiency of ship-
ping and, thus, toreduce their CO; emissions.
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Based on the assumptions of the Intergovernmental
Panel on Climate Change (IPCC) for continued global
growth and IPCC scenarios for the climate of the future,
the IMO has estimated CO; emissions in 2020 and 2050.

Figure 38 shows a calculation of total CO; emissions
for the scenarios described including an absolute
minimum scenario and a maximum scenario. The lat-
ter is based on “business as usual” and no energy effi-
ciency measures. This scenario presumes low energy
prices, which must be considered unrealistic. None

of the projections indicate a significant reduction in
CO; emissions up to 2050, which is partly due to the
fact that development is motivated by an expected
growth ininternational trade which resultsin an
increase in the transport of both finished goods and
raw materials.

The forecasts incorporated traditional assumptions
about the correlation between financial growth and
transport. However, regional differences in trans-
port patterns and the emergence of new transport
corridors were also taken into account. Growth in
the pattern of transport will also give rise to a need
forlarger ships and energy efficiency will increase as
the size of the shipsincreases. These factors are also
included in the IMQO's predictions.

TOMORROW'S GREEN SHIPPING

If oil prices increase, the speed that is financially
most advantageous will be reduced as energy con-
sumption is highly dependent on speed!26. Naturally,
more ships will be needed to maintain the flow of
goods if speeds are lower. Even if we make correc-
tions for this, areduction in speed will reduce the CO;
emission per transport unit. However, reductions in
speed will continue to be based on a range of econom-
ic calculations.

126. More details are available in the technical memorandum
on shipping
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Scenarios for CO; emissions from International
Shipping from 2007 to 2050 in the absence of
climate policies

mio tons CO,/ar
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Figure 38: CO; emissions for international shipping,
estimated for various different IPCC development sce-
narios [2]

Technical initiatives will be able to improve the en-
ergy efficiency of ships in the coming years and the
incentive to do so will be provided by energy prices.
However, the issue of whether legislation will be
introduced that will put pressure on technological
developments to produce more energy-efficient ships
will be vitally important. The UN's maritime organi-
sation is working at full speed to define requirements
for thresholds for CO; emissions per transport unit.
This threshold value, which has already been named
the Energy Efficiency Design Index (EEDI), is only in-
tended to apply to new ships, hence the name.

Table 16 shows alist of potential improvements over
the coming years. The improvements are assessed
based on our current knowledge of modern shipping
technology. It is assumed that the technological im-



provements indicated in the table will be used in the de-
scribed development scenarios, apart from in the sce-
nario based on the assumption of "business as usual”.

Technical solution for the reduction Potential saving

of energy consumption in percent

Better use of waste heat from

propulsion machinery 5-10
(WHR = Waste Heat Recovery)

Optimisation of air conditioning 1-3
and pump systems

Improved paint types for hulls 5-8
Increased optimisation of hull design

using CFD (computational fluid dy- 2-5
namics)

Use of Kappel propellers 3-5
Use of contra-rotating propellers 5-10
Extension of the ship’s "duck tail” 1-3
Use of fuel saving devices (twisted

rudder, "Costa bulb”, local fins in 2-4
front of the propeller)

Trim optimisation 2-10

Table 16: List of potential technical initiatives that can
reduce a ship’s energy consumption compared to the
standard scenario - “business as usual”

If, over the next 20 years, it is possible to improve
efficiency by a total of approx. 30 % through techni-
cal initiatives, the total average improvement of the
energy efficiency of the global merchant fleet (taking
older tonnage into account) will amount to 25 % in
2030 and approx. 40 % in 2050 compared to today. If
operational initiatives are also included (a general
reduction in speed is one of the options), an addi-
tional 15 % could be achieved by 2030 and a further
5% from 2030 to 2050. Thus, total improvement in
efficiency (technology and operation) will amount to
40 % by 2030 and 60 % by 2050.

In general the collected CO; emissions from shipping

will not only depend on improved energy efficiency
but also on the development in the global trade.
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Adapting to climate change






summary:

Adapting to climate change

The IDA Climate Plan 2050 only addresses adaptation
to climate change generally. It was not possible to
make an overall assessment of the needs, necessary
initiatives and price here. Therefore, issues relating to
adaptation to climate change in The IDA Climate Plan
2050 have not been broken down into sub-goals as is
the case for the other issues addressed in the plan.

Climate Plan 2050

= The administrative framework for solid strat-
egies for adaptation to climate change isin
place. Denmark has a national strategy in this
area which provides all of the relevant players
with indicators, guidelines and focus areas.
The distribution of burden within society has
been defined and the distribution of responsi-
bility between local authorities, state and citi-
zen has been clarified.

= Acoherent national plan for development of
the coast has been implemented.

= Activitiesrelating to adaptation to climate
change are rooted in the local authorities as
this provides the best opportunity for develop-
ment of interdisciplinary and sustainable solu-
tions based on national indicators.

= Solutions for adapting to climate change are
assessed based on their sustainability and it
is ensured that they do not lead to increased
emissions of greenhouse gases.

= Ingeneral, Danes recognise both the signifi-
cance of climate change for Denmark and their
own accountability.

= Denmarkisa marketleaderin technologies
and expertise relating to solutions for adapt-
ing to climate change.

MEANS

The current Danish strategy for adapting to climate
changeisan ad hoc strategy. It isrecommended

that the government evaluates as soon as possible
whether local authorities, utilities companies, citi-
zens and other main players are actually aware of
their responsibility for Danish adaptation to climate
change.

= Denmark ought to introduce systematic monitor-
ing of initiatives for adaptation to climate change.

» Local authorities/utilities ought to be motivated
to begin the process of adapting to climate change,
e.g. by making it an obligatory element of local
planning.

= Acoherent national plan for coast development
ought to be implemented. Thisrequires a break
with existing traditions for management of this
issue whereby individual landowners are respon-
sible for protection of their own stretch of coast.

= Denmark ought to make use of and develop export
potential for solutions relating to adaptation to
climate change. In order to do this, itisimportant
to create the right conditions for conversion of
knowledge and expertise in the field of climate
change to services that can be exported to the rest
of the world.

THE CONSEQUENCE OF CO; EMISSIONS

In order to provide society with the best possible so-
lutions, importance shall be attached to sustainable
solutions that ensure that initiatives related to ad-
aptation to climate change do not resultin increased
emissions of greenhouse gases and, thus, have an
adverse impact on the balance.
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Adapting to climate change

The main reason for including adaptation to climate
change in The IDA Climate Plan 2050 was to obtain
an overview of the need for adaptation to climate
change and to assess the best technical and social
initiatives in the field.

It was not possible to include the aspect of the cost of
adaptation to climate change. This aspect could have
been included in the comparison of preventive costs.
However, as this would have required further discus-
sion of our expectations for the rest of the world, it was
not possible this time. Therefore, issues relating to
adaptation to climate change in The IDA Climate Plan
2050 have not been broken down into sub-goals asis
the case for the other issues addressed in the plan.

Based on the work with the Climate Plan 2050, it is
assessed that Denmark's greatest challenges when it
comes to adapting to climate change relate to ensur-
ing that the administrative framework is in place.
The technical tools are available but we still lack
clarity on the distribution of responsibility between
citizen, local authority and state: Who shall pay the
extra cost of adapting to climate change - the state,
thelocal authorities or private citizens?

Knowledge exchange is a vital issue and the govern-
ment has taken the initiative to collect knowledge of
adaptation to climate change at www.klimatilpasn-
ing.dk. Itis very important that this knowledge bank
is used actively by the involved parties.

THE IMPACT OF CLIMATE CHANGE

The earth's climate is changing and research in the
field indicates that we can expect climate change to
increase in severity for many years to come, regard-
less of the initiatives we take to reduce the emission
of CO; and other greenhouse gases.

In Denmark over the next 20 years, we can expect
longer periods of drought, heavier and more extreme
downpours, more powerful storms and, to a certain
extent, higher sealevels. This development will con-
tinue until the turn of the next century, regardless
of whether we succeed in reducing greenhouse gas
emissions.

More specific assessments of the consequences for
Denmark are made based on scenarios. The Dan-

ish climate strategy is based on the IPCC’s A2 and

B2 scenarios!?” and a scenario that applies the EU's
2-degree objective, modelled according to Danish
conditions (-» see table 17). Consequences for the
individual sectors and areas are addressed based on
the scenarios.

In 2007, a Danish project aimed at diagnosing the im-
pact of climate change on fresh water resources was
carried out. The report is based on IPCC's A2 and B2
scenarios. The conclusions of the reportl28 were as
follows: Both scenarios would result in a significant
increase in average annual precipitation. In the case
of scenario Ag, the increase would be 12 % and in the
case of scenario B2 20 %. The increase in precipita-
tion will result in a rise in the water table and the
rate of flow in water courses will also increase. At
the same time, seasonal variations will increase and,
therefore, areduction in flow rate is expected in late
summer. The B2 scenario produces the largest an-
nual rate of flow, whereas A2 gives the driest summer
periods. The sealevel is expected to rise by approx. 1
metre, which will have an impact on coastal protec-
tion and coastal aquifersup to 10 km inland. Similar-
ly, other disciplines have assessed the consequences
for their own fieldstes.

127. The scenarios are described on the IPCC website, www.
ipcc.ch.

128. In 2007, DANVA (The Danish Water and Wastewater Asso-
ciation) and Copenhagen Energy carried out a diagnosis of
the impact of climate change on fresh water resources in
Denmark.

129. Further information is available at www.klimatilpasning.dk
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Scenario

Year 2006-2035 2071-2100 2006-2035 2071-2100 2006-2035 2071-2100
Winter temperature +0.6 °C +3.1°C +0.7°C +2.1°C +1.0°C +2.0°C
Summer temperature +0.5°C +2.8°C +0.6°C +2.0°C +0.7°C +1.3°C
Winter precipitation +8 % +43 % +6 % +18 % 0% +1 %
Summer precipitation -3% -15% 2% -7 % -2% -3%
Maximum daily precipitation +4 % +21 % +5% +20 % +11% +22 %
Max. storm strength +2 % +10 % 0% +1 % +1 % +1 %

Table 17: Estimated Danish climate change compared to the period between 1961 and 1990 based on the IPCC's A2
and B2 scenarios and the EU2C climate target, according to which the increase in global average temperature will

remain below 2 °C (Source: DMI).

The traditional view of nature conservation can
hinder the management of climate change. Nature is
not static. Therefore, we must accept that nature is
continually changing. It is important for us to take an
active approach to the way in which we wish nature
to develop within the constraints established by cli-
mate change. We must make specific decisions about
the way in which we will handle the changes to avail-
able water resources. This entails consideration of
water supply, water courses, wetlands and lakes, the
risk of flooding of built-up areas etc.

ACTIVITIES RELATED TO ADAPTATION
TO CLIMATE CHANGES IN DENMARK

A significant proportion of the activities related to
adaptation to climate change originate in the local
authorities. However, there is no cumulative assess-
ment of the status in Denmark. In order to gain an
impression of the activities relating to adaptation to
climate change in Denmark, the IDA asked 400 of its
members who work in the field on a daily basis to give
their opinion of the activities that are in progress
today.
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15 % of the respondents feel that the population is
sufficiently aware of climate changes and 17 % be-
lieve that politicians focus sufficiently on the con-
sequences of climate change (- see table 18). With
respect to knowledge about adaptation to climate
change, 17 % of IDA's technical experts believe that
there is sufficient knowledge about the consequences
of climate change, whereas only 8 % feel that there is
sufficient knowledge of the financial consequences.
76 % point out that increased coordination of the
Danish climate activities by the government is of
vital importance.

From this point of view, it seems that the govern-
ment's timing was good when it launched its strategy
for adaptation to climate change in March 2008130.
However, only 3 % of the experts believe that the
strategy equips Denmark to adapt to the challenges
of the future. A further 28 % only feel that the gov-
ernment’s strategy equips Denmark for future cli-
mate change to some extent.

130. Strategy for adapting to climate changes in Denmark, The
Danish Government, March 2008.



Wastewater - a challenge

The Danish strategy for adapting to climate change

is an ad hoc strategy. This means that the relevant both now and in the future

players must act when they feel it is necessary. The

experts’ assessments do notindicate that the main Climate changes will have a range of consequences
players in the field of Danish adaptation to climate for wastewater!3l. Extreme downpours subject the
change are ready for this type of approach. There- drainage system to enormous pressure. This means
fore, itisrecommended that the government as- that basements and low-lying areas become flooded
sesses as soon as possible whether local authorities, with wastewater. Increased wastewater flooding
utilities companies, citizens and other main players results in poorer water quality in rivers and lakes,
are actually aware of their responsibility with regard which in turn results in poorer bathing water quality.
to adaptation to climate change in Denmark and that Flooded basements are bad for houses in general and
the government initiates systematic monitoring of have an impact on house prices as well as the ability
the field. to insure the house in the long term.

; Toagreatex- i To some Only slightly, -

i tent/toavery :

i extent | notatall

large extent : g
There is sufficient awareness in the population of the 15 % 449 42% 0% 100 %
consequences of climate change for Denmark
There is sufficient awareness among politicians 17 % 42% 41% 0% 100 %
of the consequences of climate change for Denmark
There is sufﬁ.c1ent awareness in the media of the conse- 26 % 51 % 23% 0% 100 %
guences of climate change for Denmark
In Denmark, we have sufficient knowledge of the conse- 17 % 37 % 46 % 1% 100 %
guences of climate change
In Denmark, we have sqfﬁment knowledge of the financial 8% 249 63 % 1% 100 %
cost of adaptation to climate change
The government’s strategy for adaptation to climate
change equips Denmark to adapt to the challenges of the 3% 28 % 65 % 4% 100 %
future
There is a need for increased government coordination
of the Danish activities related to adaptation to climate 76 % 15% 6 % 4% 100 %
change

Table 18: To what extent do you agree with the following statements on climate change?

131. Wastewater includes both drainage systems and treat-
ment plants. The drainage system in Denmark consists of
both joint systems (rainwater and wastewater are trans-
portedin the same system) and separate systems (rain-
water and wastewater are transported in two separate
systems).
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If the general water level rises, flooding of e.g. techni-
cal systems, such as water treatment plants, pump-
ing stations and pipes, will result. This also means
that it will be more difficult to get rid of wastewater
and even the smaller rain showers will become more
difficult to manage. In addition, temperature changes
will lead to an increase in processing speed and the
composition of wastewater will change.

TOTAL SOLUTION FOR WATER

The solution lies in a holistic approach to water in
local authorities. Activities must be integrated with
initiativesin e.g. the Water Framework Directive, the
Bathing Water Directive and the Flooding Directive
and initiatives related to the general service level
and renovation of wastewater systems.

One possible adaptation scenario for the area of wa-
ter as a whole is shown in Figure 39.

BARRIERS TO ADAPTATION

In practice, the solutions in the field of wastewater
contain a number of barriers to adaptation. For ex-
ample, there is no proposal by the government that
clarifies expectations for local authorities and utili-
ties companies. Thus, it is not clear how the financing
of adaptation to climate change will be put into ef-
fect, nor who is responsible for which areas.

The adaptation of wastewater systems to meet the
challenges of climate change is closely linked to other
municipal areas, e.g. activities in regulatory depart-
mentsrelating to future water plans, activities in urban
planning departmentsrelating to land development
and parcelling, activities relating to municipal con-
tingency etc. Wastewater islinked to almost all other
municipal activities as drainage is essential to planning
and the infrastructure of the local authority in general.

In addition, a holistic approach to wastewater solutions
requires interdisciplinary collaboration within local
authorities and across municipal borders. This poses a
number of challenges for most local authorities.
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Summary - status

= (Create anoverview of the whole water circuit. Ex-
isting tools - 3D terrain models, drainage models
and hydro-geological models can be used. Analyse
and prioritise areas based on rises in water levels
(recipients) and flooding associated with extreme
downpours. Designation of hot spots in which the
risk profile of climate change is high. Calculate the
cost benefit of selected initiatives in order to assess
the extent to which an adjustment would be best
now or later. The analysis shall be general to begin
with and then provide details for selected areas.

Make a climate adaptation stategy

= Analyse potential solutions
» E.g. make use of rainwater locally
» Use existing wastewater systems optimally,
e.g. management and control
» Investinnew systems that have been subjected to
interdisciplinary considerations and are robust.
» Prepare a contingency plan
= Include preventive measures (energy reduction)
in the strategy

Prioritise activities and include initiatives
in the local authority’s planning tools

= Interdisciplinary coordination within the local au-
thority and, if applicable, across municipal borders if
local authorities have recipients in common

= Draw up a prioritisation model to help the local
authority

= [nitiatives must be integrated into municipal
plans, wastewater plans, water plans etc.

Circulate information about adaptation
to climate change

= What should citizens do themselves?
= What does the local authority do?
= What do the utilities companies do?

Implement selected initiatives over time

Figure 39: Scenario for a total solution for water



Local authorities are currently in the process of
forming companies. The responsibility for waste-
water activities will be removed from the local au-
thority and taken over by separate, but municipally
owned, companies. The utilities companies have set
a target via DANVA and the Danish Electricity Sav-
ing Trust to reduce energy consumption in the water
industry by 25 %. It is important that this initiative is
combined with preventive measures so that energy
reduction and, thus, areduction in CO; are included
in future adaptation solutions.

IDA's study among its members who work with adap-
tation to climate changel32indicated that only every
fourth technical expert believes that the issue of
drainage and wastewater is adequately addressed in
municipal planning for adaptation to climate change.
Results are even worse when it comes to the question
of whether there is sufficient awareness of adapta-
tion to climate change when municipal projects are
put out to tender. Only 8 % feel that there is sufficient
awareness of the challenges associated with adapta-
tion to climate change. This suggests that local au-
thorities in Denmark are not sufficiently focused on
thisissue.

Therefore, the IDA Climate Plan 2050 recommends
thatlocal authorities/utilities companies initiate the
process of adapting to climate change and consider
adaptation to climate change in all projects related
to the management of wastewater systems in order
to ensure that they are geared to the future.

Citizens also play a part in local authorities’ activi-
tiesin the area of adaptation to climate change.
Financial incentives could be considered in order to
encourage citizens to take their share of the respon-
sibility. For example, rainwater could be separated
from wastewater in areas where this is an option.

132. IDA Study on Adaptation to Climate Change, May 2009

The drinking water supply

Denmark’'s water supply is essentially based on the
extraction of groundwater. The significance of cli-
mate change for water supplies will vary greatly, de-
pending on the local geological conditions133.

On the face of it, the increase in annual precipitation
should provide more water resources. However, in
areas in which the water level is the factor that limits
water resources, increased seasonal variation in ex-
traction will pose a problem for water supplies in the
summer period when water courses and lakes are at
risk of drying out. In other areas, groundwater extrac-
tion will have a positive effect as it can relieve prob-
lems with flooding due to increased precipitation.

BARRIERS TO ADAPTATION OF THE DRINK-
ING WATER SUPPLY

Before the utilities companies can begin working ac-
tively on initiatives for adaptation to climate change,
there are a number of general conditions that must
be clarified. Water supply planning is pending imple-
mentation of the Water Framework Directive and the
new water plans.

Changes to water supply systems often entail large
investment. Denmark has opted for a decentral-
ised water supply structure with a large number of
small water works. Therefore, if water extraction
activities need to be restructured, the individual
water works can find themselves facing an enor-
mous financial burden. The study carried out by the
IDA134 among engineers indicated that almost 80 %
of respondents felt that there was a need to adapt
the water supply to meet the challenges of climate
change.

133. The available resource is often limited due to the impact
of extraction onrate of flow in water courses and other
surface recipients. In addition, limits can be imposed by
the in-rush of sea water, the release of heavy metals due
to oxidation or pollution by xenobiotics.

134. IDA Study on Adaptation to Climate Change, May 2009
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In addition, there is a clear tendency that members
do not believe that there is sufficient focus on adap-
tation to climate change - particularly among pri-
vate waterworks.

Due to the fact that changes to the water supply of-
tenrequire hefty investment, changes will often be
implemented in connection with technical wear and
tear or pollution of drilling sites. Therefore, The IDA
Climate Plan 2050 recommends that expected climate
changes are incorporated into water supply planning
and adaptation to climate change is included in water
planning, otherwise adaptation of the drinking water
supply to climate change will happen too late.

Construction and civil works

Future weather changes must be taken into account
when new projects such as the renovation of existing
dwellings are being planned. The most significant chal-
lenges are expected to be the warmer and wetter winters
in addition to generally more frequent and heavier rain-
fall, more intense heat waves and more violent storms.

The above projections all impose new demands on fu-
ture buildings and renovation. With the increased vol-
ume of precipitation, there is a greater risk of flooding
in certain low-lying areas. Therefore, it is important
to be able to conduct water away from the houses and
to stop water from entering buildings. The milder win-
ters provide better conditions for biological activity,
promoting the growth of harmful fungi such as mould
that can be detrimental to the indoor climate.

According to the IPCC's most recent report, the long-
est heat waves will increase from the current 5 days
to 14 days and the number of warm summer nights
will increase from 10 to 30. Warmer summers will
resultin a demand for cooling.

The anticipated increase in groundwater level,
higher water levels in water courses and greater risk
of storm water in coastal areas make it important to
protect buildings against seepage of water and flood-
ing. More violent storms make it important to protect
dwellings and buildings against storm damage. On
the other hand, climate change can be used construc-
tively as heavier rain showers in the future will pro-
mote fertile soil and water “green roofs”

BARRIERS TO ADAPTATION

National awareness - the interest of the wider public
in adaptation to climate change in general - is a bar-
rier that must be overcome. As indicated by the table
with the results of the survey among engineers who
work in the field of adaptation to climate change,
there is broad consensus on the need to take adapta-
tion to climate change into account in new building
projects as well as renovation projects. This applies
toan even greater extent to sewerage projects.

Engineers who work in the field of adaptation to
climate change were asked to indicate the construc-
tion initiatives they felt ought to be prioritised. 95 %
feel that drains and drainage conditions ought to be
prioritised. In addition, protection against storms is
considered to be a significant focus area.

: High priority/ : Average Low/very low Don't

: veryhigh priority : priority priority know
Drains and drainage conditions 86 % 9% 2 % 4% 100 %
New standards for protection against storms 55 % 30 % 7 % 8 % 100 %
Increased need for cooling in the summer 21 % 38 % 35% 6 % 100 %
New standards for snow load 17 % 32 % 39 % 12 % 100 %
Less need for heating in the winter 16 % 37 % 42 % 5% 100 %

Table 19: What ought to be prioritised in building projects in order to ensure protection against climate change?
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One way of adapting new buildings to climate change
is to incorporate separation of rain water from
other waste water. There are other options that in-
corporate increased volumes of precipitation, e.g.
grass roofs. The roofs absorb rainwater and create
agreenenvironment in the town. As, in general, we
expect our new houses tolive up to 100 years, the
IDA Climate Plan recommends putting adaptation to
climate change on the agenda when new buildings
are constructed and when private households make
extensions and changes to their houses.

Coastal zone management

Climate changes will lead to a general increase in ero-
sion of coasts and reduced protection against flood-
ing inlow-lying areas of Denmark, most of which are,
today, protected by dykes. The increase in erosionisa
result of both the increase in the water level and the
stronger winds that subject coastal zones to larger
waves during storms. This will cause an increase in
retrogradation of the coast compared to the situation
today. Due to the fact that the violent storms come
from the west, not all of the country’s coasts will be
subjected to the same increase in impact.

The Danish Coastal Authority has assessed the im-
pact of climate change on Danish coastal zones!35
based on the IPCC's A2 scenario. The Danish Coastal
Authority used the IPCC benchmark for expected
mean global increase in water level, i.e. a global in-
crease in water level of 42cm was applied. Added to
thisis the increase in water level caused by changes
in wind conditions. The main message about future
rises in sealevel to come from the international sci-
entists’ conference in Copenhagen in March 2009 was
that the sealevel will probably rise more than the
IPCC has predicted?3s.

The Danish Coastal Authority’s calculations indicate
that, according to the A2 scenario - which is opti-
mistic - coastal retrogradation in protected coastal
zones and on coastal stretches that are only moder-
ately exposed will be relatively modest up to 2050. Af-
ter 2050, coastal retrogradation will increase signifi-
cantly so that, by 2100, average retrogradation will
be approx. 14 m. The Danish Coastal Authority also
estimates that problems may arise behind the dykes
when sea levelsrise due to the fact that it will be
more difficult for the increased volume of precipita-
tion to drain into the sea, and this will cause greater
flooding along the water courses behind the dykes.

In addition, coastal protection activities must take ex-
treme events into account. With the current climate,
we can expect a maximum water level of 1.8 m above
the normal water level once every 100 years. By 2096,
a similar 10-yearly event is expected to resultin a wa-
ter level of between 2.37 and 3.13 m above normall37.

ADAPTING COASTAL ZONE MANAGEMENT
TO CLIMATE CHANGE

According to Danish law, it is up to individual land-
owners whether they choose to protect themselves
against flooding or coastal erosion. Therefore, there
are no laws or regulations that determine whether
protection should be carried out or the extent to
which landowners are required to protect themselves.
The relatively modest retrogradation up to 2050
means that the Coastal Authority is working on build-
ing the height of dykes, extending groynes in line with
retrogradation and heightening breakwatersinline
with the rise in the water level. In order to avoid over-
investment and more maintenance than necessary,
the Coastal Authority proposes a strategy of gradual
adaptation whereby initiatives and changes to flood
hazard prevention are not implemented before actual
changes due to climate change have been ascertained.

135. The impact of climate change on coastal zones, the Danish
Coastal Authority, March 2008
136. http://www.climatecongress.ku.dk

137. Adapting drainage systems to climate change and scien-
tific tests, financial analysis. Environmental project
no.1187, 2007
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Climate changes bring the Coastal Authority’s dilem-
ma of finding a balance between coastal protection
and the natural dynamics of the coast into sharper
focus. On the one hand, coastal protection is required
to protect values such as towns, infrastructure,
farming land and existing natural values and land-
scape. On the other hand, the nature of the coastal
landscape in Denmark is some of the most original,
untouched and diverse nature we have to offer.

Therefore, it requires good planning to ensure a
balance between protection of our coasts and free
coastal dynamics. Future installations and build-
ings ought to be situated in areas in which there isno
great risk of flooding or coastal erosion, and it would
probably be most sensible in the long term to give up
summer cottage areas close to the coast.

Future coastal protection activities ought to be
based on an overall strategy for all coastal areas. A
strategy of this type, that takes all of the different
interests into consideration, is a qualified alternative
to coastal zone management whereby the height of
dykes is gradually built up, water courses are sup-
plied - one by one - with high water level closure
systems and whole fiord systems are closed off with
protective embankments out of consideration for a
limited number of urban areas. Therefore, The IDA
Climate Plan 2050 recommends the implementation
of a coherent national plan for coastal development.
This requires a break with existing regulations ac-
cording to which the individual landowner is respon-
sible for protection of the coast

Nature and production
in a changed climate

Climate changes will resultin changes to nature
reserves in Denmark. In general, it is expected that
the growing season will be prolonged, that primary
production will be increased, the turnover rate will
increase and the conditions for competition among
species will change.
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WATER AND TEMPERATURE
- CHALLENGES FACING AGRICULTURE

Climate changes will have an impact on farming land.
Turnover of organic substances will be affected as
they are dependent on temperature, and erosion and
wash-out of nitrogen are affected by precipitation
conditions and volume of rainfall. Increased precipi-
tation and rises in sea and groundwater levels will
resultin flooding and water-logged land in some ar-
eas. In some locations, the impact can be rectified by
treating the soil more carefully. However, in other ar-
eas, it many mean that the soil can no longer be used
for agriculture.

In general, higher temperatures and a prolonged
growing season will have a positive impact on crop
yield and, therefore, production will be expected to
increase. It may become more common to cultivate
crops suited to warmer climates, such as winter corn
and maize, whereas spring-sown cereals and, per-
haps, potatoes may become less common. A warmer
climate means better growing conditions for forage
crops. Therefore, it will be possible to cultivate new
forage crops to replace some of the imported crops.

However, with climate change comes the risk of in-
troducing new livestock diseases and more of the
diseases we have today will have better conditions
in which to develop. In addition, it is expected that
there will be an increase in new species of weed and
better growing conditions for fungi, plant diseases
and insects (including harmful organisms). This can
lead to anincreased need for pesticides in tomor-
row's agriculture.

FORESTRY - THE VULNERABLE CONIFERS

Trees are long-living organisms and, thus, have a rela-
tively high ability to adapt. However, this ability var-
ies from species to species and depends on the specific
climate change. Due to the fact that many species of
treein Denmark are close to their northernmost limit
for propagation, and as this limit is particularly due

to too low temperatures, they will be relatively unsus-
ceptible to a slightincrease in temperature. However,



areduction in the volume of summer precipitation,
and in particular, the probability of longer periods of
drought, will generally weaken all tree species. Coni-
fers, and especially those with relatively superficial
root systems, will be most vulnerable.

Anincrease in the strength and frequency of storms
must be taken particularly seriously in forestry
strategies for adaptation to climate change. As most
storms occur during the winter months, when decid-
uous trees have shed their leaves, conifers are again
the most susceptible to storms. Finally, the balance
between the trees and their pests can be affected by
changes to climate conditions, particularly due to the
fact that growing conditions for certain types of pest
improve in a warmer climate.

When we consider forestry’s long production horizon
and uncertainties as to the precise type of climate
change, tree species ought not to be phased out com-
pletely but ought to be grown on a monoculture basis.
As we do not yet know precisely which climate chang-
es to expect, mixed forests with deciduous trees pro-
vide the safest form of adaptation.

Forestry initiatives that provide forests with the
best protection against possible and unforeseen cli-
mate change are, to a great extent, identical to the
principles for nature-based forestry, which is aimed
among other things at the omission of clear cutting,
active forest improvement through frequent and
light felling and the establishment of an uneven aged,
mixed forest stand of tree species that have been
adapted to local conditions.

FISHING FOR NEW SPECIES

As temperatures increase, populations of the species
living at the southernmost limit for propagation will
either perish or move north whereas species that are
now living at their northernmost limit will prolifer-
ate, particularly if they are able to make use of the
same organic niche vacated by the northern species.
Temperature changes will affect the diet of the fish
as they have an impact on the oceans’ eco-systems.

Populations of cod and herring are expected to de-
crease further due to climate change whereas south-
ern species such as sprat, anchovies and sardines
will gain ground. Therefore, the fishing industry
must adapt and begin to catch sprat, anchovies and
sardines.

The new species pose a challenge for the manage-
ment of the fishing industry as it lacks a reference for
the size of a sustainable population and knowledge

of the impact the new species will have on the exist-
ing eco-system. Therefore, there is an increased need
for new surveillance technology in order to be able

to monitor the changesin the eco-systems and fish
populations.

Mussel fishing and breeding will also be affected by
changes in temperature. Shellfish populations are
already changing, presumably due to changes in tem-
perature. Furthermore, acidification of the oceans
may have an impact on certain species of mussel and
plankton and, thus, on the availability of food for

all species of fish, including the species of greatest
importance to the fishing industry. Higher tempera-
tures may also promote new species of pathogenic
bacteria and poisonous algae which may threaten
wild fish and shellfish populations as well as fish that
are bred in marine farms.

NATURE CONSERVATION - ABALANCE
BETWEEN PRESERVATION AND CHANGE

Climate changes will result in changes in Danish na-
turereserves. Expected changes include prolongation
of the growing season; an increase in primary pro-
duction; anincrease in turnover rate; a change in the
conditions for competition among species; potential
changesin behavioural patterns with an increased of
imbalance in food chains and eco-systems; a decrease
in species with poor mobility; low genetic diversity
etc, anincrease in robust and more common species
resulting in a reduction in diversity of species; re-
placement of northern species with more southern
species and an increase in invasive species from the
south; anincrease in erosion; an increase in summer
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droughts with the associated consequences for ani-
mals and plants; more frequent and more prolonged
flooding; higher eutrophication of lakes, water cours-
es and Danish waters; a fall in salinity levels in Dan-
ish waters and the Baltic Sea; more widespread and a
higher frequency of deoxygenation; impact on /loss of
currently low-tide eco-systems; a reduction in marine,
benthic fauna with resulting loss of basic diet.

In general, the adaptation of nature conservation
activities to climate change involves the mitigation
of stress factors, protection of genetic diversity and
development of expertise, e.g. nature rehabilitation;
establishment of large, coherent nature reserves and
links with broad corridors for the passage of wild-
life; extension of buffer zones between nature and
agriculture in order to reduce eutrophication and
the effects of pesticides; rehabilitation of alternative
acreage with natural habitats that could disappear
if sea levels rise; reestablishment of better physical
conditions in water courses; prevention of the intro-
duction and spread of invasive species; monitoring
of changed compounds of species and general nature
surveillance.

Socio-economic aspects of
adapting to climate change

The key issue with regard to adaptation to climate
change is deciding which initiatives are worth imple-
menting. The decision is complicated by a number of
factors: the uncertainty attached to our knowledge of
our needs in the next 20 to 100 years; and the general
economic development over the same period. What
will generate the greatest socio-economic benefits?

Economist Nicholas Stern believes that our failure
to price CO; emissions is the greatest market-related
mistake the world has seen to date.

When fossil fuels such as oil, coal or gas are burned,

pollution is emitted - with negative consequences.
These consequences are not included in the price of
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the fuel. An additional charge on carbon in the form
of a price for CO, emission will provide us with a tool
to work with when we consider the value of preven-
tion versus adaptation. In his report, Stern calcu-
lates that the price of refraining from prevention will
amount to around 5 % of GNP per year, and if we see
more violent climate changes it could be up to 20 %

of GNP138, Naturally, this will be spread unevenly
around the world depending on the climate changes
experienced by specific countries or regions.

DECISIONS BASED ON COST BENEFIT

No overall study of the field has been conducted in
Denmark and, therefore, it can be difficult for both
private citizens and local authorities to take deci-
sions. However, there are some studies available in
certain areas.

With regard to extreme events, financial risk as-
sessment also plays a major role. With the current
climate, we can expect a maximum water level of 1.8
m above the normal water level once every 10 years.
By 2096, a similar 10-yearly event is expected to re-
sultin a water level of between 2.37 and 3.13 m above
normall39. The resulting flooding will have very dif-
ferentimpacts depending on the stretch of coastin
guestion. In the case of the area around Roskilde,

the socio-economic cost of an extreme rise in water
levels following a storm is estimated at DKK 200 - 300
million.140

The cost of protecting ourselves against this will be
extremely high as it will require very large invest-
ment. In addition, dramatic events such as storm
flooding can have along-term impact which is not easy
toinclude in a financial, cost-benefit model. Particu-

138. The Stern Review, Nicolas Stern 2006.

139.Adapting drainage systems to climate change and scien-
tific tests, financial analysis. Environmental project no.
1187, 2007

140.Adapting drainage systems to climate change and scien-
tific tests, financial analysis. Environmental project no.
1187, 2007



larly if several towns in the same area are affected,
the financial impact on commercial life, tourism etc.
will be of significance for many years. This illustrates
how difficult it will be for local authorities to take de-
cisions on extreme situations. There is a need for fur-
ther studies on ways in which local authorities ought
to address the risk of extreme weather conditions.

The financial consequences of extreme rain have
been estimated for Roskilde local authority and it is
clear that therisk of extreme rain will increase to
such an extent that it will be worth boosting the civil
works budget by 10 to 20 %. This will ensure citizens
a wastewater system that takes the risk of basement
flooding etc. into account and can provide the same
service in 2096 as they receive today.

Cost-benefit analyses for local authorities for adapta-
tion to climate change are of vital importance when
decisions are to be made. Therefore, The IDA Climate
Plan 2050 recommends that local authorities and the
government join forces to prepare guidelines and
methods for a uniform cost-benefit calculation model
for adaptation to climate change.

Adaptation to climate
change as a business

Another angle to adaptation to climate change is the
business potential thatliesin the expertise that Den-
mark is developing in the field. 80 % of the experts
who took partin IDA’s study believe that the technol-
ogies being developed have the potential to become
export products. However, only 24 % feel that there
is sufficient focus on adaptation to climate change
when funds are allocated to research and innova-
tion. At the same time, only 12 % feel that Denmark
exploits its potential for export of its expertise and
technologiesrelated to adaptation to climate change.

This view is shared by the Business Panel on Climate
Changel4t, which has accumulated a number of as-
sessments of the rate of growth of export for the
various different business areas in the field of adap-
tation to climate change, e.g. water filtration/desali-
nation where growth rates of between 6 and 23 % are
expected and infrastructure which is expected to
increase by 7.6 %. By comparison, the general growth
rate for exportis expected to be 4.4 %.

Thus, the government faces a significant challenge to
create an environment that enables the conversion

of expertise and experience in adaptation to climate
change to services that can be exported to the rest of
the world. In these times of financial crisis, when there
isaneed for increased public investment, we ought to
focus oninvesting in projects on climate change.

141. Danish positions of strength in the field of climate change,
The Business Panel on Climate Change 2008
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