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Foreword

Sncethefirg Danish Nationd Communication to the Climate Convention, two
mgor events have taken place. In March 1995 the Conference of the Parties decided
to launch negatiations on a protocal to the UNFCCC, with the objective of
grengthening the commitment of the industridised countries regarding emissons of
greenhouse gases. Secondly, in December 1995 the UN Intergovernmenta Pand on
Climate Change, IPCC, gpproved its Second Assessment Report.

In my view one of the mogt important new findings of the IPCC istha “ The bdance
of evidence suggests a discernible humean influence on globd dimate’. In other
words, the pand condudesthat it cannot be exduded that the concentrations of
greenhouse gases in the amosphere have reached leveswhich are likdly to
destabilise the dimate systems of the globe - destabiilisation followed by dimatic
changesand risng sealevd.

Asdated in this Second Nationad Communication Denmark isnot likely to
experience great dimate changesin the next decade. If we take gock of the Stuaion
in duetime theincrementa cogts for the Danish society will be limited. On the other
hand we recognise that in other parts of theworld, the impacts of dimete change and
rigng sealeve could be crudid for the existence or the wdl-being of other countries
and people It isnecessary in the longer term to limit and reduce globa emissons of
greenhouse gases, in order to prevent the development of “environmenta” fugitives
and the rdated economic and palitical ingahility.

Itisour hopethat in negatiations on the protocol to strengthen the commitments of
the UNFCCC, the indudtridisad countries will assume the necessary leedership and
agree on ubgtantia reductions of emissons of greenhouse gases We bdieve that
such commitments are crudid to limit and reduce globa emissons on alonger term.

Denmark has taken up the chdlenge. Already in April 1990, following the debate on
the new Energy Action Plan, the Danish Parliament decided to reduce emissons of
CO, from the energy and trangport sectors by 20% in 2005 compared to 1988. The
action plans have been revised regularly to secure fulfilment of thetarget. And in
April 1996 - debating an Action Flan for the years 2005-2030 - the Danish
Parliament urged the government in negatiations up to Kyato to drive for a50%
reduction of CO, emissons from indugtridised countriesin 2030 compared to 1990.

Themogt promisng Sgn in the deveopment of Danish CO, emissonsistha,
looking a& emissonsfor the period 1991 - 1995, there are Some indications of a
reduction by 3-4%, if the figures arefiltered for variaionsin both dectricity
exchange and temperature.

One of the moreimportant messuresto fulfil the short and long term reductions was
the confirmation by Parliament in May 1997 of my decison to prohibit new cod-
fired power plants

Asregardsthe other naturd greenhouse gases, CH, emissons are expected to
dabilise and NO emissons are expected to decrease in 2010 if no other messures are
impasad. Asto the fluorocarbons the use of HFCsin the refrigerating and freezing
indugtry isexpected to be phased out before 2006.

Itismy hopethat this report will demondtrate the willingness of the Danish
Government to take the threet of globa warming serioudy and to implement the
measures required.

Svend Auken
Miniger for Environment and Energy
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11 National drcumgances

The population of Denmark amountsto nearly 5.2 million inhabitants and the total
areato 43,000 kn.

Of thetotal Danish area, 64% isagricultura land, 10% isforest and 10% isnaturd
aress such asmoors, marsh, bogs, lakes and sreams. The Danish lakes comprise less
than 1% of thetotal area, and the largest lake is 39 kn. The built-up areas (urban
areas, SuUmmer residence aress, treffic infragtructure etc. ) occupy aoout 15%.

The Danish dimateis mildly temperate with precipitation fdlling throughout the year. The
annud meentemparaureis 7.7 C, and theannud predipitation isin average 712 mm,

The Danish Gross Domestic Product amounted to USD 172,741 miillion (in 1995
current market prices), corresponding to a per capitaincome of USD 33,042, giving
Denmark one of the highest per capitaincomesin the world.

Agriculture, forestry and fishery account for 3.8% of the totd GDP, manufacturing
20.1% and sarvices, induding Government sarvices, 69.4%.

Denmark’ s main indigenous resources of energy, apart from renewables, arethe
North Sea ol and naturd gesfidds

The growth of ail and gas production combined with the decrease in ol demand has
meade Denmark anet exporter of both ol and gas Snce 1993.

According to the latest short-term prognoss, oil and gas production will continueto
increase in the near-term, but will dedline after the turn of the century if new fidds
are not discovered.

Primary energy consumption increased rgpidly in the 1960s, but essentidly stabilissd
a alevd of 800 PIfrom 1972 to 1995 asaresult of thetwo ol crisesand the
implementation of rigorous energy policy insruments during the lagt 20 years.

Asareault of theail crises, oil was subdtituted by cod at power and hegt plants. The
dedineinthe use of ail isaso dueto energy savings and changesin consumption
patterns and the supply system, eg. theintroduction of combined heet and power.

In 1995, source gpportionment of the tota primary energy consumption of 808 PJ
was cod: 30%, natura gas16%, il products 47% and renewables 7%.

Energy and CO, taxes have been implemented on fossi| fuds and dectricity,
especidly in the household sector, and the ensuing energy savingsin this sector area
grong indication of the efficiency of high energy prices as an ingtrument to lower

energy consumgption.

Find energy consumption shows the same pattern of stabilisation Snce 1972 as
primary energy consumption, remaining & aleve of goprox. 600 PJ per year.

In Denmark the number of passenger carsincreased by 55% from 1970 to 1995. At
the same time, there has been an increase in individual passenger trangport of 84%
from 33,400 million person-km to 61,500 million person-km. Trangport of goods by
road hasincreased by 40% from 7,800 million tonnes-km in 1970 to 10,900 million
tonneskmin 1995.



Emissions and uptake

Carbon dioxide, CO;

GO, gnks

Methane, CH,

Nitrous oxide, N.O

12 Inventoriesof anthropogenic greenhouse gasesand removals

The bagsfor the cdculaion of greenhouse gas emissons from the energy sector is
primary energy consumption and emission factors. For the other sectors adtivity data

and edimated nationd emisson factors are used.

Theinventory is based on the software and the methodol ogies deve oped by the EU
and known asthe CORINAIR database sysem. In generd, the CORINAIR inventory
istrangformed in accordance with the 1995-1PCC Guiddines The Revisad 1996-
IPCC guiddines have supplementarily been gpplied to N,O from agriculture and the
pollutants not earlier indluded (SO,, HFCs CFCsand S). In Table 1.1 ashort

Lummary isshown.
1990 1991 1992 1993 194 1995

00s 60233| 6L721| 61358| 60328 59605 58917
00 52277  62940| 57652| 59356| 63344 59532
CH, 421 426 431 445 428 430
N.O A A A 33 33 33
NO, 280 320 274 274 272 253
(60 785 800 770 725 4 702
NMVOC 179 176 170 161 166 162
O 180 239 186 152 155 150
HFCs 0.000 0.001 0.006 0.090 0.158 0.197
PCs na na na na na 0.000
F 0.008 0.008 0.008 0.009 0.011 0.009

Table 1.1. Danish CO,, CH,, N;O, NO,, CO, NMVIOC, S0, HFCs, PFCs, and S
emissons 1990 — 1995in Gg.

The devdlopment in total Danish CO, emissons 1990 — 95 corrected for both
dectricity exchange and outsde temperature variations indicates adight negetive
trend from 1991.

Themain sourcesfor CO, emissions are power plants and trangport, with ashare of
53% and 19% respectively in 1995.

The corrected figures reflect CO, emissons corresponding to Danish energy
consumption under norma meteorologica conditions Thus, when comparing
Danish emission figures from year to year to get an impresson of the effect of the
implemented messures to reduce CO, emissSonsit is necessary to use the corrected
figures These should a0 be gpplied when assessing compliance with emisson
reduction targets under the UNFCCC, ec.

The Danish Parliament has decided that during a period of rotetion, eg. 80— 100
years, the forest areashould be doubled. This decison implies an afforegtation rate of
about 40 kn/year, corresponding — at its highest level —to a CO; fixation rate of
goprox. 3500 Gg CO; per year or gpprox. 5% of present annud anthropogenic
emissonsin Denmark. The sequedtraion of CO,is not incduded in the nationa
totals.

Tota Danish anthropogenic emissons of CH, amounted to 430 Gg in 1995. The
dominant sources were anima waste and enteric fermentation in the agricultura
sector, which accounted for 327 Gg in 1995 with no dear trend from 1990.

! Corrected for electricity exchange and inter-annual temperature variations

% Not corrected for electricity exchange and inter-annual temperature variations



N:O - decrease

Secondary substances (NG,
CO, NMVOC and 0,)

HFCs, PFCsand S

National programmes

The 1990 Energy Action Plan

Anthropogenic emissons of nitrous oxide amogt completdly derived from the
agricultura sector, which accounts for more than 90% of ayearly emisson of 33-34
Gg determined by using emission factors from the new 1PCC manud.

Dueto theimpact of the Danish Action Plan for a Sustainable Agricultura
Deve opment, the consumption of commerdd fertiliser decreased by 25% from 1990
to 1996. This decreaseisreflected in the emission figures for the period 1990 — 95.

Thetrend in the period 1990 - 95 in emissons of sscondary substances such as
nitrogen oxides (NQy), carbon monoxide (CO), non methane volatile organic
ubgances (NMVOC) and sulphur dioxide (SO, has been negative snce 1991
Emissons of NO, and NMVOC are regulated within the Geneva Convention.
Emissonsin 1995 are edimated at 254 Gg and 162 Gg respectively. Emissons of
CO aeedimated a 701 Ggin 1995. Emissonsof SO, are estimated & 150 Ggin
1995.

The consumption of hydrofluorocarbons (HFCs) increased in line with the
replacement of CFCs (0.750 Gg in 1995 with emissons edimated & 0.197 Gg),
while the consumption of sulphur hexafluoride (SFs) remained largdly unchanged)
(0.017 Ggin 1995 with emisson egimated a 0.009 Gg). The consumption of
perfluorocarbons (PFCs) in the period 1990 — 95 was negligible.

13 Pdidesand measurestoreduce greenhouse gasemissons

Danish policies regarding limitation of greenhouse -rdevant gases are rooted in
many years of active nationd palicies on energy and environmert.

Thefirg nationd energy plan from 1976 together with further development of the
policies during the 1980’ s resulted in amgor restructuring of the energy sysemin
Denmark.

Asareallt, totd primary energy consumption has essantialy stabilized despite
ubgtantia grownth in dl economic sectors In pardld with thisthe environmenta
impact of the use of energy has decreasad subdtantialy asadirect result of the
changesin the energy system, aswd| asintroduction of emisson sandards, emisson
quotas and other regultions.

Inthelate 1980's, focus gradudly shifted from supply security congderations,
minimization of energy sarvice cogts and locd environmentd effects, to wider
environmenta congderations, notably the god of achieving long-term sugtainable
devdopment on andiond aswdl asaglobd levd. In 1983, the Danish Government
presented its Action Plan on Environment and Deve opment as afallow-up of the
recommendations set forth in the report from the World Commission on
Environment and Devel opment, the Brundtland Report.

In 1990, two action plans rdaing to energy and trangport were presented to Pearli-
ament. In these plans, reduction of greenhouse gas emissions, notably carbon
dioxide, wasintroduced as explicit targets.

In 1992, the objectives of Danish wagte policy were described in the Danish Govern-
ment's Action Plan for Weste and Recyding 1993 — 97. Theseinduded minimization
of depasition of organic materia in landfills and energy saving through recyding. A
conssquence of the plan will be areduction of emissons of methane from landfill
Stes.



The 1990 Trangport Action
Plan

Energy

In the Energy Action Plan, the Government listed anumber of new initiativesaimed
a reducing CO, emissons for the whole energy sector, exduding trangport, by 28%

in 2005 as compared to 1988 levels The Plan received broad palitical backing from

Parliament.

Strategicdly, the Energy Action Plan emphasized efficiency improvementsin end
use, espedidly inthe use of dectridity, and increased effidency of the energy supply
sysems, notably increasad use of combined heet and power aswel as shifting to
cleaner energy sources (naturd ges and renewables).

The Trangport Action Plan, adopted by the Government in May 1990, aimed to
dahilize CO, emissons from the trangport sector by 2005, and to achieve a25%
reduction by 2030 as compared to 1988 leves.

The combined effects of the two action plans were foreseen to be amore then 20%
reduction of CO, emissonsin 2005, as compared to the base year of thetwo plans
(1988). Thistarget was subsequently gpproved by Parliament.

Apart from thisnationa CO; reduction target, Denmark has committed itsdlf to
stabilizing emissons of greenhouse gases a the 1990 leved by 2000 within the frame-
work of the Climate Convention. Moreover, as a contribution to the overal
gabilization of CO, emissionsfrom EU countries by the year 2000, Denmark isaso
committed to achieving a5 % reduction by 2000 as compered to the 1990 leve.

In 1993, amgor follow-up of the two action plans was undertaken (Follow-up on
Energy 2000 and Trangport 2005) in order to secure achievement of the above
targets.

In 1995, adiscussion paper, Denmark’ s Energy Futures, containing technica
andyses of future scenarios for energy consumption and supply in Denmark, was
published. At the same time, the Government presented agenerd Nature and
Environment Policy giving an overview of the Danish effortsfor protection of the
environment. Thiswas based on the principles of sugtainable development and

ecologica spece.

The recent energy action plan, Energy 21, goproved by the Danish Parliament in
April 1996, dedswith internationa market conditions and long-term environmentd
agpects, asthe overd| chdlengesto the energy sector. The mgor environmenta
chdlengeisto achieve convergence of emissons of indudtridised countriesto aleved
thet would be globelly sustainable. Without such a convergence the prospects for
expecting the rest of the world to repect the limits of globd environmenta soace

will bevery meegre

In connection with the gpprova of the action plan, the Government decided to work
for aninternationa agreement on a 50% reduction of CO, emissonsfrom
indudtriaised countries by 2030, compared with 1990 levels. Energy 21 consequently
ams fulfilling this god. Such an agresment could be conggtent with aglobd
scenaio that achieves gabilisation of CO, concentration at 450 ppmv.

In 1997, the Government banned new or renovated power cagpacity based on cod.
Power generated by cod will conseguently be phased out as cod basad plants wear
out. This decisgon confirms the determination to meet reduction targets in the shorter
term and the long term aim of achieving a sustaineble energy supply.

14 Prgedionsand asssssment of measures
Aspart of the energy adtion plan, Energy 21, future Danish energy consumption

and CO, emissons rdaed to this consumytion have been assessed for the period
1995 —2030.



The devdopment in enargy consumption and CO; emissons destribed in this section
isbased on Energy 21 dthough the projections for 1995 have been replaced by
actud figures

Theshort teem godl of Energy 21 isto reach the Danish Government’ starget of
reducing CO, emissons from the energy-consuming sectors by 2096in 2005 as
compared to the 1988 levd. A number of initiativesaming a reeching thisgod
have therefore been implemented in the Danish energy palicy.

The assesament of the devdopment for the period 2005 — 2030 is based on more
generd condderaions among athers consarvation of heet and dedtriaity, use of
enargy effident gopliances and processes and use of renewable energy.

It is assumed thet internationdl common efforts during this period will contribute
subdantidly to reducing Danish CO, emissons

On the badis of key varidbles and assumed future devel opments, projections have
been made of thetotd primary energy consumption for the period 1996 to 2030.

The expected CO, emissonsreated to the energy consumption areshownin Hg. 1.1
which dso shows the expected CO, emissonsfor a“Budness-asUsud” scenaio,
updated from the Energy 2000 Plan drawn up in 1990. This scenario illudrates how
CO; emissonswould have developed from 1990 if no steps had been teken in order
to reduce the emissons. Emissons from internationd trangport are not indluded in
Fg. 1.1.

Thevauesfor the period 1990 to 1995 are higtorica deta corrected for variaionsin
gpace heating demand and dectricity exchange dueto dimetic variations. For
comparison, uncorrected vaues for this period are shown aswll.

Thelong-term development in the period to 2030 is expected to result in gradually
increasing dectricity export from Denmark. Thisexport isnot dueto dimatic
variaions, but arises from the technical lay-out of the power production system, with
increasing shares of cogeneration and wind energy. Since thisexport is not caused by
dimatic conditions, the projected CO, emissons are not corrected for this export.

80000

Actual emissions 1990 -
70000 A_4<>"4 1995

60000 o
a—D|anned emissions; values
for 1990-95 are corrected
50000 + for electricity exchange and
temperature variations

40000 + NG e Business as usual

Gg CO2

30000 +

20000 +

10000

0 t t t t t t t
1990 1995 2000 2005 2010 2015 2020 2025 2030

Fig. 11 Planned development of CO, emissonsfromfue combugtion.

The nationd target of reducing CO, emissonsfrom fud combugion by 20% from
1988 to 2005 will be fulfilled by implementing the Energy 21 Action Plan, asthe
emissions covered by thetarget are projected to decrease dightly more. The targeted
emissonsincude emissons from internationd air trangport, whileflaring is
exduded. Thetarget for 2005 aswell asthe base leve of 1988 are defined in terms of
emissons corrected for both dectricity exchange and outdoor temperature veriation.
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Agriculture

Asacontribution to the overdl gabilisation of CO, emissons by the year 2000 for
the EU countries, Denmark has commiitted itsdlf to achieve a 5% reduction in 2000
compered with 1990.

The Danish CO;, emissons are planned to dedine from 59,958 Gg in 1990 (corrected
for dectricity exchange and outside temperature variaion) to 54,309 Gg in 2000.
This corresponds to a decrease of 9.4%, and the 5% target is therefore expected to be
fulfilled. The CO, benfit of increasing the forest areahas not been taken into
account in thesefigures.

For the trangport sector, the Government has prepared atrangport action plan, the

objectives of which areto dahilise the sector’ s CO, emissons a the 1988 levd by
2005, and to reduce emissons by 25% before 2030. Use of energy dfident carsis
one of themgor contributors to the emission reduction within the trangport sector,
and devdopment of such cars intemationdlly, istherefore of mgjor importance

Themanam of sugtanable trangport palicy isto promote an efficient trangport
sysem to the benefit of the generd public and indudtry, to ensure thet the dameaging
effects of traffic, eg. pollution and accidents, can be reduced to aminimum in accor-
dance with spedified oljectives.

Thetarget for CO, emissonsin the trangport sector should be seen inrdldtion to the
congderable importance atached to heping to solve locad environmenta problems,
which to some extent entails messures which can actudly increase CO, emissons,

eg. replacing diesd by petral.

Themain objectivesin the fidd of waste and recyding are to reduce the quantity of
wade arigngs, to minimize the environmenta impect of waste digposd, and to make
use of the resources contained in waste.

Today totd wagte arigngs amount to about 10 million tonnes per annum. The
objectiveisthat about 50% of the total amount of wadtes generated in the year 2000
should be recyded. Theremainder should primarily beincinerated, and landfilling
should be minimized. One of the expected effects of the Plan is reducted CH,
emissonsfrom landfilling.

Theamisto incinerate dl combudtible wastes which are not to be recyded, and
which do not present particular incineration problems. By incineration, the energy
content in the waste will be usad to replace fossil fuds

In connection with incineration, the energy content of non-recydable wastes should
be used effectively like other biofuds, Snce mogt of thewagteis CO-neutrd and
therefore causes lower CO, emissons than burning of foss fuds

In the prgjections; the expected reduction in CHs emissons gained from cows/cettle
islargdy offsat by theincressein CH, emissonsfrom pigs, and asregard N.O,
Danish initidives to substantialy reduce the use of particularly commerad fertiliser
before 2000 are expected to reduce N:O emissons from the agriculturd sector.

A summary of the progjectionsfor CO,, CH, and N,O emissonsisshown in Teble
12.

1990 2000 2005 2010 2020 2030
00} 50958 54309 50547 44660 34158 26,090
CH, 424 408 377 362 na na
N.O A 28 28 28 na na

Table 1.2. Projections of Danish CO,, CH, and NO emissions 2000—30in Gg
compared to emissonsin 1990.
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15 Expected impactsof dimate change and vulner ability assessment

Acoording to the latest findings of the IPCC basad on the *“business as usud”
emisson scenario (19924) the globd mean surfece temperaureis projected to
increase by 2 °C by 2100, and sealevd will rise 50 cm. For Denmark the annud
mean temperature is projected to increase by dmaost 2 °C by 2050. Precipitation
will increase in winter and decreasein ummer. A sealeve riseof 9—18 amiis
projected, with the largest rise in the southern part of the country.

By the end of next century, the annua mean temperature in Denmark is projected to
be 2.8 °C warmer than today. In contradt to earlier esimates, the annua mean
precipitation is projected to decrease dightly. Sealevd is projected to rise 33 —46
cm.

With respect to agriculture, forestry and coagtd protection, however, it can be
assumed that the changes will be so modest that they will be managesble through
planned adjustment supported by an expected techndogica deve opment.

A possible exception isthe present neturd ecosysem, where dimate change may be
too rapid for some animd and plant spedies; thismay cause temporary indability and
in thelong run change gpecies compogtion.

Climate change in Greenland is prediicted to cause an increase in the mean yearly
temperature of between 1.8 —3.6°C by the end of the next century.

Theice cap will respond to warming through increased mdt rates at the marginsand
accumulation ratesin the interior. Mt rateswill probably dominate. However,
precipitation and met rate predictions are not as reliable as temperature predictions.

Precipitation is predicted to increase by 2 — 24 mm per month, with mogt of the
increase in the summer on the south and west coadt but in thewinter or dl year
round on the east coast and & high ldtitudes Half the change will occur within the
next 40 —50 years. Other conseguences of dimate change indude: lengthening of the
show-free season by amonth or more, adight increase in the length of the growing
season by 1 —2 weeks, degpening of the il active layer, and a shorter northward
movement of the permafrogt boundary.

Thereis congderable uncertainty regarding predictions for Southern Greenland,
which has experienced acodling of 1—1.6°C inthe past 60 years. Ocean modes
predict acold centre southwest of Greenland. The cooling effect around this centre
will counteract and may even neutrdise greenhouse warming in Southeest
Greenland. This cooling may be rdated to the 80% reduction in degp water formation
observed in the Greenland Sea during the 1980's Hence, lesswarm Atlantic water is
greaming north. The maximum temperature increase in South Greenland may
therefore represent areturn to the mean summer temperatures of 60 years ago, and
the possbility of atemperature fal must be considered.

Near-future changes (10 — 20 years) in Greenland ecosysems are expected to be
modeg, particularly in the south, but later anumber of different changes may occur.

In case of the Faroe Idandsiit is expected thet the temperature increase, if any, will

nat excead 1—2°C and that the changesin terrestrid ecosystemswill be dmost
undetectable. At sea, temperature may further decrease and cause negative changesin
ediblefish socks

16 Adaptation measures

Snceitisedimated thet the direct effects of dimate changein Denmark will be
modest and in some cases provide a potentid advantage, no adgptative measures



DANIDA and DANCED

Cooperation with small idand
developing Sates

Eagsern Europe

Resarch & Devdopment

have yet been taken. However, different possihilities have been investigated and
discussed in nationd reports. For example asealevd rise of the order of 50 cm,
which would augment present coadtdl retreet, could be be counteracted by coest
nourishment. It should be noted that these cond derations do not take into account
“aurprise changesin the globd greenhous?’, for example achangein the Gulf
Stream.

17 Finandal assganceand technology trander

Asaconsequence of the increasingly globa nature of environmenta problems,
Denmark hasintengfied action a the internationd leve in recent yearsin order to
meet globa chdlenges

Thedimate problem isto be seen in the context of abroader globd chdlenge. The
populations useof the earth's Sore of naturd resourcesis Hill incressing. Curbing
these trends will require acoordinated internationd Strategy.

The awareness of thisgloba chdlenge and the transboundary nature of the
environment problems were reflected in the Danish Government's 1988 Plan of
Acdtion for Environment and Deve opment in Denmark’ s devel opment assstance. As
aconsaquence, anumber of environmental sector Srategies have been deve oped
covering fisheries, energy, agriculture, foredtry, agroforestry, water, hedth and in-
dugtry.

The United Nationstarget of 0.7% of GDP in Oversess Devdopment Aid (ODA) hes
long been fulfilled by Denmark, and the Danish Government has maintained ODA a
1% of GDP snce 1992.

Effortsto incorporate environmenta objectivesinto the development assstance
adminigered by DANIDA —the Danish Internaiond Development Assstance—
were further strengthened during preparation for and follow-up on the 1992 United
Netions Conference on Environment and Development in Rio de Janeiro (UNCED).
Guiddines have been issued for environmental impact assessment of projectsin dl
sectors. Following a parliamentary resolution in 1992, the Danish Environment and
Dissdter Relief Fadility (EDRF) was established as an additiond budgetary dlocation
to supplement Danish development assstance. Thisdlocation will incresse gradudly
t0 0.5% of GDP by 2002. Hdf of the EDRF is dlocated evenly between
environmenta assstance to Centra and Eagtern Europe and to deve oping countries,
the assgance to the latter baing administered jointly by DANIDA and DANCED —
the Danish Cooperation for Environment and Devel opmentt.

The Danish Government isin the process of strengthening cooperation with small
idand developing gates. Danish NGOs are dso involved in this process

The Danish Environmenta Support Fund for Eagtern Europe (DESF) wias established
by the Danish Government in April 1991. In 1993, the Fund was incorporated into
the new Danish programme for Globa Support for the Environment and Dissster
Aress which wasinitiated after the Rio Conference held in 1992. The DESF is
adminigtered by the Danish Environmentd Pratection Agency. In terms of
contribution per habitant, the Danish bilaterd environmental support to the Centrd
and Eagt European Countries (CEEC) issgnificant. Thetota Danish assstanceto
Eagern Europeis esimated to have lead to CO, emisson reductions of more then

1,000 Gg per yea.
18 Research and sygematic observation

Denmark contributes actively to internationd dimete reseerch
programmes incdluding the World Climate Programme.
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A man areaa the Danish Meteordlogicd Inditute (DMI) is numericd modds of the
amasphere. Efforts are directed towards harmonization of the modds for weether
and dimate calculationsin order to achieve auniform modd for dl problemswith a
view to enhancing exploitation of new ressarch resuits.

The work on dimate moddsindudes studies on theimpact of sdected physica
processes on the dimate and studies on the extraitropica northern hemisphere
climate varigbility. Another important project isthe deve opment of aregiond modd
usng ahigh-resolution modd coupled with the globd dimate modd to enable
asessment of regiond dimate changes caused by an increased greenhouse effect.

The Danish EPA together with RisgNationd Laboratory and the Nationd
Environmenta Research Indtitute carried out a project on the socio-economic cogts of
reducing greenhouse gas emissonsin Denmark in 1996.

The project identifies arange of “no-regret” and “low-regret” options to reduce
greenhouse gas emissonsin different sectors. Implementation of these measures will
meke it possible to subgtantialy reduce greenhouse ges emissons

Danish research and deve opment work on reduction technologies for greenhouse
gasesismainly reated to the energy sector.

Thetotd cods of Danish energy research and deve opment amount to USD 86— 100
million per year. The greater share of thisis used on technologies for increasing
effidency in energy converson, improving energy efficency in end use, and

deve oping technologies using fud s which produce less greenhouse gases—
particularly technologies usng renewable energy. Areas where Denmark hasasrong
internationa position indude exploitation of wind energy and biomass, energy
efficdent utilisation of foss| fuds and combined heat and power technologies. Mogt of
the projects are carried out in collaboration between industry and reseerch centres—
often with strong internationd links.

19 Education, training and public awareness

Sncethe late 1980 sthe Danish Minigtry of Environment has supported the growing
interest among the public in dimate change through publications ranging from very
detailed descriptions of the dimeate change issue to more generd brochures. Some of
theinformation is dso available on dectronic media

The 1992 United Nations Conference on Environment and Development in Rio de
Janeiro emphasized the nead for the public to be involved in the implementation of
udtainable devel opment. Interpreting this as aneed for public participation and
trangparency, the Danish Government has continuoudy offered NGOs setsinthe
Danish ddegetion in the context of inter diathe Framework Convention on Climete

Change.

Danish NGOs dedling with environment and devel opment are organised in anetwork
cdled the 92 Group comprising the 18 mgor organisations dedling with these isues
in Denmark.



2 Introduction

At the United Nations Conference on Environment and Devdopment in Rio de
Janeiro in June 1992 more than 150 countries Sgned the UN Framework Convention
on Climate Change. According to the Convention text, the Convention entersinto
force on the ninetieth day efter the date of depogt of the fiftieth ingrument of
ratification, which hgppened on 21 December 1993. Denmark deposited her
ingtrument on the same date. Accordingly, the Conventtion entered into force on 21
March 1994,

Acoording to decigonstaken under artidle 12 of the Convention each developed
country Party shall communicate to the Convention secretariat its second national
report presenting inter-alia inventories of emissons by sources and removas by Snks
of al greenhouse rdated gases, agenerd description of Sepstaken or envisaged by
the Parties to implement the Convention, and other informetion that the Parties
congder reevant to the achievement of the objective of the Convention.

Further, under the Convention the developed countries shdll in their communications
incorporate detailed descriptions of measures adopted to implement commitments
under artide 4, paragraph 2(a) and (b), and an estimate of the effects of such
measures on anthropogenic emissons.

Thisreport presants the Danish programmes and messures taken to obsarve the
commitments under the Climate Convention. The Danish Government acknowledges
the 1995 Guiddines for Communication of Information Under the Framework
Convention on Climate Change prepared by the OECD/IEA and gpproved by the
COP 2in July 1996. Further, the Revisad 1996 IPCC guiddines have been gpplied to
N;O from agriculture and the pollutants not earlier indluded (SO,, HFCs CFCsad
). Background materid and data underlying the cdculationsin the report are
available upon request to the Danish Environmenta Protection Agency.

In preparing the report, it has been the intention to the extent possible to incorporate
in the edimates, eg. on theimpects of dimate changes, rdevant materid thet has
been andlyzed and assessad in other contexts. As regards materid from the North
Atlantic parts of the Kingdom of Denmark, i.e. the Faroe Idands and Greenland,
only information about populaion, dimate and vulnerability to dimate change has
been available. It was decided to issue the report without further informetion on the
North Atlantic aress

Chepter 3 of the report contains alarge number of reference dataon Denmark, i.a. on
geography, population, coadts, dimate, and the consumption of primary energy, both
for energy and for trangport purposes.

Chapter 4 presents an inventory of emissions of greenhouse gases, and describesthe
soope for redricting emissons and incressing Snkswithin the forest and agriculturd
sctors

Chapter 5 and 6 give an account of the action plans which have been drawn up for
the energy, trangport and wadte sectors, and which will contribute Sgnificantly to
regtricting emissons of greenhouse gases. Chapter 6 contains the projections and
as=ment of the measures described in Chapter 5. A vary comprehensve and
thorough description is given of the programmes and plansfor the energy sector with
additiond information presented in Annexes F and |. Thetwofold purposeisto give
addalled documentation of how Denmeark will meet the ambitious target to reduce
the emission of CO, by 20% by the year 2005 compared to 1988 and to inspire other
Partiesto the Convention in efforts to control their present aswel asther future
emissons of the mogt important greenhouse gases.



Chapter 7 gives an account of the impact of expected dimeate changesin Denmark,
Greenland and Faroe Idands, and the scenarios avallable for adaptation to the
climate changes

In Chapter 8 isdated that S0 far no adaptation measures have been taken.

Chapter 9 dedswith internationa cooperation in thefidd of financid asssance and
technology trander.

Chapter 10 describes the Danish research ativities carried out in support of dimate
research, both at nationa and a internationd level, aswell as socio-economic
asesment of dimate change mitigation and technological resserch and deve opment.

Findly, Chapter 11 ded s with agpects of education, training and public avareness

The fallowing indtitutions have made contributions to the nationd report: the Danish
Coedtd Authority, the Danish Energy Agency, the Danish Meteorologicd Inditute,
the Minidry of Food, Agriculture and Fisheries the Minidry of Foreign Affairs, the
Minigtry of Trangport, the National Environmental Research Indtitute, the Nationd
Forest and Nature Agency, the Statistics Denmark, the RisaNationd Laboratory, the
WWHF-Denmark and the Forum for Energy and Deve opmertt.
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The Kingdom of Denmark comprises Denmark, Greenland and the Faroe Idands.
The Danish government hasratified the UN Framework Convention on Climate
Change on behdf of dl three parts og the redm. Unless otherwise indicated, the
tables figures, policies and meesures etc. presented in this report only reaeto
Denmark, though.

31 Nationa drcumgancesfor Denmark

311 Population and total area

The population of Denmark amountsto nearly 5.2 million inhabitants and the total
areato 43,000 kn.

In the 1970s and the 1980s the annud populaion increase was vary low, averaging
0.39% and 0.03% respectively.

Year 1970 1975 1980 1985 1990 1993 1995
Populationin 49 51 51 51 51 52 b2
million.

Table 3.1. Population 1970 —95.

Thelatest projections, based on the populaion for 1 January 1995, indicate very
amdl annud increases until 2008 and theresfter very small decreases

Like other developed countries, Denmark has an ageing population. The number of
women of 67 years and older is condderably higher than the number of meninthe
same age group due to the greeter life expectancy of Danish women.

Some 85% of the population inhabits urban aress, i.e towns of 200 or more
inhabitants The populaion of the Copenhagen metropalitan areaamounts to 26%
correponding to 1.3 million.

312 Geography and land use

Of thetotal Danish area, 64% isagricultura land, 10% isforest and 10% isnaturd
aress uch asmoors, marsh, bogs, lakes and greams. The Danish lakes compriseless
than 1% of thetotal areaand the largest lakeis 39 knt. Thetotd length of
watercoursesis 40,000 km and the longest watercourse stream is 158 km. The built-
up aress (Urban areas, SUmmer resdence aress, trffic infragtructure etc. ) oocupy
about 15%. 4.3% of thetotd land areaiis presarved and 10% of the metropalitan
region.

The Danish coadlline gretches for 7,330 km. The coadt is mainly mede of “ oft”
materias depodited during the last ice age and are therefore eesily formed by waves
and currents. The coadtline is consequently subject to erosion and a various locations
protected by congtructions such as groynes and/or revetments.

Approx. 500 km of the coedlineis protected by dykes Some of the dykes protect
human sattlement areas and some merdly flood-endangered green aress uch as
farmland or aress of recreationd vaue. The dykes dong the Wadden Seacoedt in
outhwest Jutland protect the rich farmlands of the marshes and the marshland
stlements from the frequently occurring gorm floods: In other parts of the country,
mainly on theidand part of Denmark, dykes protect aress redamed by embankment
and drainage and which are partly located below sedleve.
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Dykes, breskweters and revetments are designed to withstand the norma range of
gorm tides In the most exposad aress, the fortifications are desgned for asealeve
datigicaly ooccurring once in 200 yearswhile in less exposed areesthey are designed
for aoncein 50 years Stuation. A risein sealevd caused by dimate change will
therefore diminish the cgpatiility of these congtructions to withstand the sea during
gorm tides

During the last 30 years, the agricultural areahas diminished from 72% (30,900
knT) of the total areain 1960 to 63% (27,300 knv) in 1992. The crop patternsfor the
last 25 yearsare givenin Table 3.2

1970 1980 1985 1990 1992 1995
Cadds 59 62 56 56 59 53
Pulses and seedsfor 2 4 12 14 11 8
industria use
Roat aops 10 8 8 8 7 6
Grass and green fodder in 17 14 13 12 13 15
rotations
Permanent grasdand 10 9 8 8 8 15
Other cropsind. falow 2 3 3 2 2 3

Table 3.2. Didribution of agricultural area by crop type, in percent of total
cultivated land.

The proportion of agricultura land with grass and green fodder in rotetion aswel as
with permanent grass has declined congderably snce the 1950s.

The consumption of nitrogen has grown congderably during the last 30 years,
especidly during thefirgt part of the period, and is now 3v/4imes greeter than in
1960. However, the consumption of nitrogen in commerdd fertiliser decreased by
25% from 1990 to 1996. The growth in consumption of nitrogen is dueto achange
in agricultura practice which has resulted in higher crop production. The
consumption of phogphorus has dedined Snce 1970, as has the consumption of
potassum. During the last three years, the use of fertiliser hasfdlen, asmentioned in

Chapter 4.

The number of cattle dedlined by more than 25% from 1970 to 1995, wheress the
number of pigs has grown by 1/3in the same period. The number of poultry dedlined
until 1985, but has now grown to nearly the sameleve asin 1970.

As mentioned above, 0% or 4,170 kn of Denmark’ stotd areaiisforest (1990), of
which 1/3 congsts of broadlesf and 2/3 of conifers. In the eastern part of the country
broadledf is predominant (61% of the wooded areg), whilein the western part,
Jutland, conifers dominate(77%0). During the lagt 70 years the forest areain Denmark
has increased by 30%, exdusivey with conifers. 350 kn’ is considered to be naturd
fores by origin.

313 Climate

The Danish dimateismildly temperatewith predipitation falling throughout the yeer.

Wintersare prevallingly mild and summerscodl. Theannud meen temperetureis 7.7 C
rangingfrom7 Cto9 C. January meentemparauresrangefrom-1 Cto+2 Cand Uy
meen temparauresfrom 15 Cto17°C.

The number of hegting degree daysfar the country asawholeis 3175 (bess 17°C),
ranging from 2975 to 3375 over the country.
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Onthewhde annud average temperature decreesed dightly (0.1 C) from the period 1931
—60tothe paiod 1961 —90. In particula, it has become cdlder in the ummer months of
July and Augud, but dso in early winter in December., It hes become somewhiat warmmer in
theledt pert of thewinter in February and March, and dso in Octaber.

Theannud predipitation in Denmark is 712 mm, ranging from 500 to 900 mm over the
country. November hesthelargest amount of predipitation with 80 mm, while February is
the driest month with lessthan 40 mm.

For theyear assawhale, the predipitation hesincreassd more then 5% from the period
1931 —60to the period 1961 —90. In particular, the increase has taken placein the garing
and ealy winter, while the predpitation has reduced in the summer months proper.

Thenomd hoursof bright sunshineis 1,670 for thewhdle year. The number of deer days
(doud cover lessthan 20%) is 31, and the mean doud cover is6/%.

The number of hourswith sunshine has decreasad by goprox. 5% from the pariod 1931 —
60 to the pariod 1961 —90. In bsolute terms aswell asin percantage, the decreeseis most
pronounced in gring and early ummer, June—July, and in September. November and
Decambe recaved more then 25% more sunshine then before, however.

Thenoma annud meenwind veodty is6.6 m per ssc, and thewinds are normdly from
westaly drections

Thefrequency of hurricane force gorms (only rdated to mean wind gpesd excssding 25 m
per sec) covering mare then 409 of the country over ahundred year pariod ison average
oreinevay four years

314 GrossDomegic Product

The Danish Gross Domestic Product amounted to USD 172,741 miillion (in 1995
current market prices), corresponding to a per capitaincome of USD 33,042, giving
Denmark one of the highest per capitaincomesin the world (USD 1 correspondsto
DKK 5,61 in 1995).

Agriculture, forestry and fishery accounts for 3.8% of thetotd GDP, manufacturing
20.1% and savices, induding Government sarvices, 69.4%.

DKK, million USD, million %
Food, beverages, tobacco 31604 5634 38
Chemicd and petroleum indudtries 23056 4110 28
Fabricated metd products 60,761 10,831 73
Other menufecturing indudtries 51,404 9,163 6.2
Manufacturing, totd 166,825 29,737 201
Agriculture, foresry, fishery 34,688 6,183 42
Market sarvices 391,792 69,833 472
Governmant sarvices 183,831 32,768 22
Other adtivities 52458 9,351 6.3
Gross Domedtic Product, totd 82954 147878  100.0

Table 3.3. Grass Domedtic Product at factor cogt, apportioned by origin, 1995.

The devd opment Snce 1970 has been an increasein totd GDP (1980 prices) of 68%
wheress agriculture has increasad by 111%, manufacturing by 60% and sarvices by
75%.




Employment

Oil and natural gas

1970 1975 1980 1985 1990 1995
Agriculture, foredry, fishery 100 123 138 177 12 211
Manufacturing 100 118 133 152 148 160
Savices 100 116 135 1583 170 175
Totd 100 112 130 147 162 168

Table 3.4. Grass Domestic Product at factor cost, apportioned by indudtrial origin.
1980 prices Index 1970 = 100.

In 1994 thetotd active population was 2,471,000, of which 121,000 were employed
in agriculture, forestry and fishery, 477,000 in manufecturing and 1,693,0001in
SEVices

1970 1975 1980 1985 1990 199
Agriculture, 260 224 192 175 141 121]
Manufacture 50 54 490 524 517 477
Savices 1218 1401 1553 1646 1720 1693
Other activities 237 208 206 187 187 180
Totd 2284 2337 2442 2532 264 247]]

Table 35. Digribution of employment by industrial origin, unit 1,000 persons.

32 Enegy

321 Availableenergy resources kind and leve

Denmark’ s main indigenous resources of energy, apart from renewables, arethe
North Seaoil and naturd gesfidds

The assesament of resrves shown in Fg. 3.1 refersto the amount of oil and gasthat
can be recovered by means of known technology under the prevailing economic
conditions. This assessment only includes reserves in ructures where the presence
of hydrocarbons has been condusively established through drilling and teing.

il production in 1996 anounted to 12 million m*which represents a 10% incresse
oanparedntg 1995. Gas production increased 21% in 1996 to aleve of gpprox. 6,100
million N,

PJ

1996 2000 2004 2008 2012 2016 2020 2024

OOil - planned production B Gas - planned production

OOl - possible production [Gas - possible production

Fig. 3.1. Prognogsfor oil and gas production from the Danish North Sea fiddswith
the actual production in 1996.



Renenables

The combined resarves presently correponds to 15 times the current domestic
primary energy demand, 25 times the current domestic oil and gas demand and about
1.3 %o of theworld stotd reserves of oil and gas (not induding nonconvertiond
reservesin oil sand, tar sand etc.).

About one third of the gas presently extracted is exported, mainly to Sveden and
Gamany.
According to the latest short-term prognoss, ail and gas production will continueto

increase in the near-term, butt will dedline after the turn of the century if no new
fiddsare discovered.

The growth of ail and gas production combined with the decrease in il demand, hes
meade Denmark anet exporter of bath oil and gas snce 1993,

With the present known resarves of oil and naturd ges, energy from renewable
sourceswill be Denmark’ s main energy resourcein a 15 — 20 year time span.
Edimatesindicate a potentid of gpprox. 540 PJ per year (Denmarks Energy Futures,
Minigtry of Environment and Energy 1996).

B wind energy
H Biomass

O Solar energy
Owave energy

B Geothermics

Fig. 3.2. Potential energy resources fromrenewablesin Denmark Unit: PJ per year.

Renewable energy resources are shown gpportioned by sourcein Hg. 3.2. By far the
main resource is biomass, induding energy crops and resdud products of
agriculture, foredtry, industry and households. Accounting for 57 PJ per year,
biomassis a0 the main renewable resource utilized at present.

The potentia for wind energy comprises both terrestria and off-shore wind turbines.
Although present exploitation of the vagt potentid for offshore wind turbinesis il
limited, technical obstades for their exploitation have largely been overcome. The
Danish Energy Agency has dready recaived formd gpplications for gpprox. 4000
MW wind power capedity Sted offshore, which ingalled would cover more than one
third of present dectricity consumption.

The three remaining resources — geothermd, Solar and wave energy — are presently
the least exploited resources. Danish energy palicy amsat gimulating the
technologicad and economica preconditions for further exploitation of these
resources, however.
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322 Enegy supply and consumption

Primary energy consumption increased rgpidly in the 1960s, but essentialy tabilised
a alevd of 800 PJ (vdues exduding internationd bunkers corrected for dectricity
exchange and outs de temperature variaions) from 1972 to 1995 asaresult of the
two ail crises and implementation of rigorous energy policy ingruments during the
last 20 years (Fig. 3.3).

There are saverd gructurd changesto note in relaion to the past 20 years
developmert.
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Fig. 3.3. Total primary energy consunption including international bunkers.
Note: Not corrected for dedtricity exchange and inter-annual variationsin outddetemperature

Asareallt of the ail crises, ol was substituted by cod at the power and heat plants.

All cod used in Denmark isimported, and 94% is used in power plants. Theimport
of roughly 13 million tonnes cod condtitutes ardatively large share of
internationaly traded steam cod, as most cod in the world is used in the producing
countries. Dueto excdlent harbour facilities cod can be imported on very large bulk
carriers (150,000 tonnes) directly to the mgor plant Stes. The sources change from
year to year, but mgor sources have been the United States, Columbiaand Audrdia,
with other supplies coming from the UK, Poland, the former USSR, Canadaand
South Africa

Thededinein the use of ail isdso dueto changesin the supply system and
consumption pettern in dl sectors

Theintroduction of natural gas from domestic sources around the mid 1980s has
resulted in asgnificant increase in the use of naturd gas 1N 1995, dmogt 16% of
primary energy consumption derived from naturd gas.

Naturd gasisutilised inindividua heeting aswell asin the heat and power sector.

Renewable energy sources acoount for an increesing share of thetotd primary energy
upply and consumption, amounting to aout 8% in 1995.

Since the mid 1980s biogas and wind energy have evolved subgantidly. Municipal
wadte, forest and wood resduas and surplus straw il account for 85% of the total
renewable energy supply, however.
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Fig. 3.4. Contribution of renewable energy sourcesin primary energy consumption.

Wind energy accounts for presently about 4% of find domegtic dectricity
consumption (Fg. 35).
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Fig. 3.5. Contribution of wind energy to net dectricity production.

Electricity and heat sector Didtrict hegting has along tradition in Denmark. Following the oil crises, many
didrict heeting plants aswell as power plants converted to cod. Theflexibility of
digrict heating has subseguently been used to make an dmost complete switch awvay
from cod to renewables and especidly naturd gas, except for the large aities
upplied by large co-generated heet and power plants which are il cod fired.
Present plans, however, foresee agradud change to naturd gas and renewables dso
at these plants, in step with replacement of capecity.

Since the mid 1980s focus has increased on the environmenta and efficiency gains of
co-production of heet and power. The development of the power sector and espedialy
the heat sector isdso dosdly tied to the priority accorded naturd gas and renewables
in the Danish energy palicy.

Didrict heat production currently accounts for dose on 50% of energy demand for
gpace heating compared with 30% in 1972. 70% of the didrict heating production is
now based on combined heet and power plants

When dedtridity is produced a atypicd condensng power plant, only 35 —40% of
thefud input is utilized, while the remaining energy input isturned into waste hest.
By augmenting the fud input dightly, it is possible to produce digtrict hest instead of
wadte heat. Typicaly, more than 2 GJ of didrict heet can be produced each time the
fud input isaugmented by 1 GJ. Thus, the“margind effidency” of producing
digrict heet ingtead of wagte heat is more than 200%.

Theimprovement in the totd thermd efficiency of Danish power plants dueto the

upply of digrict heating instead of producing waste heet to the environment is
illusrated in Fig 3.6.
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Fig. 3.6. Efficiency at Central Power Plantsas output in percent of fud used.

End-use efficiency Effidency gainsin end-use and converson systems, have played an important rolein
gabilisng primary energy consumption.

Asan example, FHg. 3.7 showsthat fina energy for heeting (energy supplied to the
buildings for hesting purpose) per square meter of building areahas more then
halved from 1972 to 1995. Strict sandards for new buildings and extendve
insulation improvements in the existing stock of buildings as well asthe incressed
use of digrict heating are the main explanations for this marked improvement.
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Fig. 3.7. Final energy consumption for space heating, dimate adjusted, 1972 — 95.

Final energy consumption Denmark has ardativdy mild marine dimate, an extensve public service sector and
anindudrid system dominated by light industries and manufacturing of food
products. This combinesto give agpectrum of find energy consumption thet
compared with other indudtridised countriesis characterized by ardativey large
share going to space heating and sarvices, and ardatively smdl share going to
indugtry.

Fnd energy consumption shows the same pattern of stabilisation Snce 1972 as
primary energy consumption, remaining & aleve of goprox. 600 PJ per year.

The devdopment in find energy consumption gpportioned by energy typeis shown
in Fg. 38. The dhift avay from ail in primary energy recursin find energy
consumption. Besides naturd gas and renewable energy, find energy consumption
has shifted towards the secondary energy types, dectricity and digtrict hegting. The



percentage accounted for by dectricity more than doubled to 26% in 1995. In recent
years, however, dectricity consumption has shown signs of decreasing growth.
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Fig. 3.8. Final energy consurmption apportioned by energy type.
Note: Oil products related to transportation and non-energy use are not included.

The practicdly congtant final energy consumption concedlsinteresting shiftsin the
sectord compodgtion asillusrated in FHg. 3.9.

Ovedl, the sectorad compasition of fina energy consumption shows adecreasein
the resdential sector and an equivaent increase in the trangport sector.

The above mentioned improvementsin energy consumption for heating purposes are
reflected in Hg. 3.9. Besdes the resdentia sector, heating purposes account for a
large share of totd energy consumption in the inditutiona and commercid sectors.
However, increasad energy consumption of primerily dectricity in these two sectors
has—in contragt to the resdentid sector — neutralised the improvementsin hesting.
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Fig. 3.9. Final energy consurmption apportioned by sector.



Energy intengty

QO; content of the fudl mix

00, and energy consunption

323 Enegy intendty and average CO, content

Asshownin Fg. 3.10, primary energy consumption per capitastabilised during the
period, and energy intengity (primary energy consumption per GDP) markedly
decressed.
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Fig. 3.10. Primary energy consumption per capita and per unit GDP.

Primary energy per capita

Primary energy per GDP

The CO, content of the fuel mix increased until the mid 1980s, mainly dueto the
increasing share of cod (Fg. 3.11).

Theresfter the trend has reversed, actudly with an acod erating tendency in recent
yeas

Increased efficiency in the converson sector aswel asthe increased use of naturd
gas and renewables are primary contributory causesto this decreasing trend.
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Fig. 3.11. CO, content of the fud mix.
Note: Oil products related to transportation and non-energy use are not included.

324 Trangort

In 1995, the energy consumption for nationd trangportation amounted to 163 PJ. In
1980 the figure was 121 PJ. These amounts, however, indude acondderable
contribution from off-roaders such as agricultura and congtruction equipment etc.,
the energy consumption of which cannot in present Satistics be digtinguished from
energy consumed in the trangport sector proper.



Transport capacity increase

The 35% increase in energy consumption in the trangport sector in the period is
above the average consumption growth in ather sectors. This meansthat the trangport
sctor’ sshare of thetotal energy consumption has grown from gpprox. 15% to well
ove 20%.

Also worth nating isthet energy consumption for other purposesis based
increasingly on natural gas and renewable energy sources, whereas consumption in
the trangport sector is based dmogt exdusively on ail. Thus, the trangport sector’s
share of thetotd oil consumption hasincreased markedly.

In Denmark the number of passenger carsincreasad 55% from 1970 to 1995. At the
sametime, there has been an increase in individua passenger trangport of 84% from
33,400 million person-km to 61,500 million person-km. Goods trangport by road hes
increased by 40% from 7,800 million tonnes-km in 1970 to 10,900 million tonnes-
kmin 1995. Vans have changed fud from petral to diesd and there hasbeen an
increase both in the number of passenger carsand in the number of vansand lorries
usng diesd.

1970 1975 1980 1985 1990 1995

Air 0.2 03 04 04 05 05
Rall 28 31 44 48 49 49
Ship 05 05 05 05 06 06
Passenger cars B4 378 386 432 536 615
Buss 46 5.7 73 88 93 106
Totd 415 474 512 577 689 78]
Cyding 45 54 52

Table 3.6. Passenger trangport by mode of trangport. Unit: Thousand million person-
km

1970 1975 1980 1985 1990 1995

Rall 13 12 12 12 12 13
Ship 18 17 19 18 19 22
Road 78 95 88 94 107 109
Pipdine 09 19 29
Totd 109 124 1119 124 138 173

Table 3.7. Goods trangport by mode of trangport. Unit: Thousand million

tonneskm
Note: Goods transportation by air isa minor form of goods transportation.

33 Nationa drcumgancesfor Greanland.

Greenland isageogrgphicaly separate part of the Danish redlm covering an area of
2,175,600 kn?. Of this, the ice cap covers 1,700,000 kn. The populaion mainly
condss of an indigenous people (1995: 48,600 inhabitants ) with language and
culture diginct from thet of the Danes. The total populaion is 55,800.

The Danish Condtitution gppliesto dl parts of the Danish redm. Since 1953,
Greenland has been represented by two permanent membersin the Danish
Parliament.

The Home Rule Act of 1978 enabled Greenland to take over respongibility in dmost
al fidds of society gppertaining exdusivey to this community.

Greenland Home Rule is an extensve type of sdf-government. By the Greenland
Home Rule Act, the Danish Parliament has ddegated legidative and executive
powersto the Home Rule Autharity conddting of apopularly dected legidative
asembly: The Greenland Home Rule Parliament (Landgting) and the Greenland
Home Rule Government (Landsstyre).



The responghilities of the Home Rule authoritiesindude trangport and
communication, environmental protection and consarvation of nature.
Greenland is not amember of the European Union.

331 Thedimateof Gremnland

Greenland hasapolar, arctic dimate.

Dueto the large geogragphica spread of the country, from 60° N todmost 85° N, and
thelarge variation in topography, the dimate within Greenland differs considerably.
During the winter months the mean temperaturein January & seallevel varies

between -35 Cin Peary Land inthe north and -3 C at the southrwest coadt. In July

the mean temperaturesrangesfrom 1 "Ct0 10 C with the extremes more often
Stuated between the outer coasts and the interior fjords than between northern and
southern parts.

On the Greenland ice-sheet the temperature is much lower, and over theareaasa
whole the annud mean temperature ranges from 1'C & the southernmost west coast
to about -30 C in theinterior.

Thedidribution of precipitation ranges from more than 2,000 mm in the Cgpe
Farewd | region, the southernmogt tip of Greenland, to lessthan 150 mm a placesin
north Greenland. In generd, the north-western part of Greenland recaivesiits
precipitation maximum during the summer months, and the south-eastern part
during the autumn and winter months.

The number of hegting degree days of the main town Nuuk in south-westemn
Greenland is gpprox. 6,500 (bas 19 C).

High wind speeds occur in some fjords as ether Foehn or as Katabatic winds,
espedidly coming from theice cgp. In generd, gormswith hurricane force are most
frequent dong the coagts of the southern part of Greenland.

34 National drcumgancesfor the Faroeldands

The Faroe Idands are Stuated in the North Atlantic 430 km southeest of 1cdland, 600
km west of Norway and 300 km northwest of Scotland. Of the 18 idandsin the
Faroes 17 areinhabited, thetotd number of inhabitantsbeing 45,300. Thetotd
land areaiis 1,399 knv and the largest idand is Streymoy with an areaof 3735 k.

In 1948 an agreement was mede under which the Faroe Idands were granted home
rule gatus within the Kingdom of Denmark. Internd affars are governed by the 27-
member Legting (Parliament).

The Faroe Idands are not amember of the European Union.

Internationd treaties conduded by the Danish Government bind Greenland and the
Faroe Idandsto the same extent as they do the Danish Government unless
derogeations have been spedidly requested.

341 Thedimateof the Faroeldands

The dimate of the Faroe Idandsis mildly oceanic with plenty of predipitation.

The annud meen temperature & sealevel isdoseto 6.5 C. The mean temperature
for January isabout 3 CandforMle C.



The number of heating degree days for the Faroesis roughly 3,900 (base, 17°C).

Theannud precipitation ranges from 1,500 mm to 3,000 mm, faling modly in
October (150 to 400 mm). Precipitation islowest in June (60 to 120 mm).

Thefrequency of hurricane force gorms (only rlaed to mean wind Spesd excesding
25 m per s0) isgenerdly high, more than two per year.



Pallutants

Satigics and emisson factors

4 Inventories of anthropogenic
greenhouse gases and removals

In 1996, the Danish Environmenta Protection Agency together with the National
Environmental Research Indtitute decided to use the software and the methodologies
deveoped by the EU and known asthe CORINAIR — database sydem asthe
foundation for the Danish nationd database system for ar pollutants. Thisensured
the highest degree of compatibility with other database sysemsfor air pollutantsand
a the same time fadilitated updating and maintenance. The inventory presented
bdow isbassd on the CORINAIR sysem.

In generd, the CORINAIR-inventory istransformed in accordance with the 1995-
Guiddinesfor Communication of Information Under the Framework Convention on
Climate Change (IPCC) into the IPCC-inventory. The Revised 1996-1PCC guiddines
have supplementary been gpplied to N,O from agriculture and the pollutants not
ealier induded (SO,, HFCs CFCsand S).

41 Inventory of anthropogenic emissonsby source
411 Introduction

This section presents the results of the Danish inventory of emissionsfor the years
1990 — 1995 gpportioned by source according to the IPCC guiddines as desaibed
above In Annex A theinventory is shown in full IPCC reporting format. The
pallutants reported here are the primary greenhouse gases carbon dioxide (CO,),
methane (CH,) and nitrous oxide (N-O), aswell asthe secondary subgtances nitrogen
oxides (NQ), carbon monoxide(CO), non methane volatile organic subgtances
(NMVOC) and sulphur dioxide (SO,,). Emisson datafor hyarofluorocarbons (HFCs),
perfluorocarbons (PFCs) and sulphur hexafluoride (SF) are presented inan
condensed format. The figuresfor 1995 are prdiminary data

The sscondary subgtances are important for different reasons. Thus CO can react
with hydroxide (OH) in the atmasphere, thereby preventing the oxidation of CHs,
while NO, and NMVOC are precursors to the greenhouse gas azone (Os).

The badsfor the Danish emisson inventory is activity datafor the categories
described in detall in Fenhann et d., 1997, energy Saigtics from the Danish Energy
Agency shownin Table 4.1 and Annex B, agriculturd livestock gatigicsfrom
Saidics Denmark shownin Annex C, and the emisson factors for each source and
each fud or livesock shown in Annex D. Other Satistics and activity detaused can
be obtained at the Nationd Environmental Research Indtitute,



Dominant sources

Uncertainty

Electricity exchange and
temperature variations

Energy 1990 1991 1992 1993 1994 1995

Primary energy consumption in PJ 685 809 753 777 829 808
A Fuel Combustion 681 801 744 770 821 802

1 Energy Industries 317 414 362 380 437 408

2 Manufacturing Industries and Construction 83 88 89 92 86 89

3 Domestic transport 143 151 151 156 162 164

4a Commercial/Institutional 22 24 22 22 20 23

4b Residential 85 91 89 91 89 88

4c Agriculture/Forestry/Fishery 31 33 32 29 28 30

B Fugitive Emissions from Fuels 4 9 9 8 8 6
Corrected primary energy consumption® in PJ 779 798 795 787 791 801
Correction for electricity exchange® 67 -18 35 11 -41 -6
Correction for the impact of outside temperature variation® 27 7 7 -1 3 0
International bunkers* 66 60 63 80 90 94
A Aviation Bunkers 27 25 25 24 27 27

B Marine Bunkers 40 36 37 56 63 67

General note: Numbers in colums may not add up to the total due to rounding and data for especially 1993 and 1994
may be subject to future revisions due to changes in the statistical system.

Note 1: Primary energy consumption with the corrections shown in the table.

Note 2: A positive correction indicates net import; negative net export.

Note 3: A positive correction indicates a warmer climate than average; negative colder than average.

Note 4: International bunkers are not included in the national totals.
Table4.1. Primary energy consunption, corrections used in national
planning/gatistics and international bunkers, 1990 — 95.

The emissions from the trangport sector are cdculated on the basis of fud saesin
Denmark. Emissons from internationd trangports (aviation bunkers and marine
bunkers), basad on fud sdlesin Denmark is calculated in the inventory for each
pollutants. These emissons are shown in Tables 4.2 — 4.8 and Annex A, but are not
induded in the nationd totals. The emisson factorsfor road trangport are based on
caculations with the COPERT - modd for the trangport sector, thisbeing a
beckground modd for the CORINAIR work.

Theemisson factorsfor CO, are based on the assumption thet dl the carbon content
of thefud is oxidised (complete combustion), albeit that thisis sddom the case
Some carbon will be rdeased as other compounds, eg., CH4, CO or hydrocarbons
(NMVOCs), and will eventudly be trandformed to CO, in the a@maosphere. The
emisson factorsfor CO, is cdculated from the low heat vaues and the carbon
content of thefuds asshownin Andersnet d., 1995.

Factorsfor CH, emisson from livestock are from the 1995-1PCC guiddines.

The dominant source of Danish CO;, CO and NO, emissonsis combustion of foss|
fud. Apart from combugtion, the main source of N,O and CH, emissonsis
agriculture while thet of NMVOC emissonsis solvent use

The uncertainty in the Danish emisson inventories arises from two sources
Uncartanty in the gatigtics and uncertainty in the emisson factorsused. As
mentioned above, the Saidics are the officid Danish dtidics The emisson factors
are based on dther cdculations, asisthe case with CO, (heat values and carbon
content), or on measurements. The measurements originete from ather exiging
Danish plants or from comparable European inddlations. Another uncertainty is
whether dl (mgor) sources of emissonsareinduded in theinventory. It is assumed
thet the uncartainty is grestest for the inventories of NMVOC, CH. and N>O, perhaps
with an uncertainty factor of 2. With the CO and NQ, inventories, the uncertainty is
asumed to beless than 30 — 40%. With the CO,, the uncartainty may beaslow as 1
—2%.

In some years Denmark imports congderable dectricity whilein other years
dectridity isexported. The variation is due to changesin precipitation in Norway and
Sweden leading to fluctuations in the availability of hydropower.




Climate varigtion imply not only avariation in ectricity exchange but dso inter-
annud fluctuationsin domedtic energy consumption dueto variation in outsde
temperature. Consaquently, correction for the impact of outdde temperature variation
hes been gpplied aswell.

In Table 4.1 and in the energy baancesin Annex B these corrections are shown.

Both corrections are only sgnificant for CO, and are given separatdly together with
the corrected vauesin Table 4.2. These vaues should be used in assessing the inter-
annud variation in CO, emissons corresponding to the energy consumption. The
corrected va ues should a'so be used in connection with evauation of compliance
with emisson reduction commitments.

The cdculaion method is futher described in Annex E.

412 CO,

As mentioned above the emisson factors used for the CO, emisson inventory are
basad on the assumption that al the carbon in the fud is oxidised during combustion.
Thisisin accordance with the recommendationsin the IPCC-guiddines.

Emissonsfrom biomass fuds are not induded in the inventory. Biomass fuds here
indude wood, graw, biogas and refuse. 1t should be noted thet not dl of the refuse
usd asfud isrenewable and hence abiomass fud, but it has not yet been possibleto
divide the refuse burned in Denmark into different fractions

Danish emissons of CO, amounted to 59,500 Gg in 1995 (Table 4.2 and Annex A®).
Themain part — 58,000 Gg — derived from the combustion sector. The remaining
1,500 Gg derived from indudtrid processes, with cement production being the main
source.

The development in total Danish CO, emissions corrected for dectricity exchange
and outsde temperature variation isshown in Table 4.2, and asit can be seen from
Fgure4.1, this deve opment indicates a dight negetive trend from 1991.

CO>2 1990 1991 1992 1993 1994 1995
Total National Emission in Gg 52277 62940 57652 59356 63344 59532
1A Fuel Combustion 50898 61136 55711 57472 61117 57748
1 Energy and Transformation Industries 25865 34864 29540 31028 35213 31482
2 Industry (ISIC) 5776 6114 6218 6168 6481 6039
3 Transport 10474 10946 11072 11301 11345 11370
4 Comm./Institutional, Residential, Agri./Forestry/Fishing 8664 8925 8740 8738 8020 8718
5 Other Combustion Activities 119 287 141 237 58 139
1B Fugitive Emissions from Fuels 240 495 511 445 782 348
2 Industrial Processes 1006 1178 1300 1311 1318 1311
3 Solvent and Other Product Use 133 131 130 128 127 125
5 Land Use Change & Forestry 0 0 0 0 0 0
Corrected" Total National Emission in Gg 60233 61721 61358 60328 59605 58917
Correction for electricity exchange2 6253 -1721 3273 988  -3932 -615
Correction for the impact of outside temperature variation® 1703 502 433 -16 193 0
International bunkers* in Gg 4986 4507 4677 6041 6736 7080
Total National Removal® in Gg -924 -932 -940 -948 -956 -964
CO: fixation in existing forests -916 -916 -916 -916 -916 -916
CO:z fixation in new forests -8 -16 -24 -32 -40 -48

General note: Numbers in colums may not add up to the total due to rounding.

Note 1: Only corrections shown in the table are applied.

Note 2: A positive correction indicates net import; negative net export.

Note 3: A positive correction indicates a warmer climate than average; negative colder than average.
Note 4: Not included in the national totals.

% The CO; emissions given in Annex A differ slightly from the ones shown in Annex B.
This is due to the use of different calculation methods. Efforts towards
harmonization of the calculation methods are on-going.



Table4.2. CO, emissonsto air by sources and removals by snks and correction for
dectricity exchange and outsde temperature variation in Gg 1990 — 95.
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Figure4.1. Devdopment in GO, emissions by sources corrected for dectricity
exchange and outside temperature variations 1990 — 95.

The corrected figures reflect CO, emissons correponding to Danish energy
consumption under norma meteorologica conditions Thus, when comparing
Danish emission figures from year to year to get an impresson of the effect of the
implemented messures to reduce CO, emissSonsit is necessary to use the corrected
figures These should a0 be gpplied when assessing the compliance with emisson
reduction targets under the UNFCCC, etc.

CO, uptake by sequedtration in exigting and new forestsis given separatdly in Teble
4.2 and Annex A.

413 CH,

Totd Danish anthropogenic emissons of CH, amounted to 430 Ggin 1995 (Table
4.3 and Annex A). The dominant sources were anima waste and enteric
fermentation in the agricultural sector, which accounted for 327 Ggin 1995. A new
cdculation has been used gpplying the emission factors recommended in the 1995-
IPCC guiddines

CHa4 1990 1991 1992 1993 1994 1995

Total National Emission in Gg 421 426 431 445 428 430
1A Fuel Combustion 10 11 11 10 10 11
1B Fugitive Emissions from Fuels 12 14 14 14 17 17
2 Industrial Processes 1 1
4 Agriculture 329 330 335 348 326 327
6 Waste 71 71 72 72 74 74

International bunkers® in Gg 0 0 0 0 0 0

General note: Numbers in colums may not add up to the total due to rounding.

Note 1: Not included in the national totals.

Table4.3. CH, emissonsto air by sourcesin Gg 1990 —95.

The sacond mogt important source was wagte, with CH, emissions from landfills
being dominant (74 Gg in 1995). Only aminor part (28 Ggin 1995) derived from
fud combugtion and fugitive sources. The inventory takes into account anima wedte
trestment in biogas plants.

From January 1997 the disposal of any kind of combudtible wagte & landfillsis
prohibited. CH, gas emissons from landfills are consequently expected to drop in the
future.




N.O

At present there are no rulesin Denmark for gas collection a landfills. Inthe EU
Commission’s proposd for a Coundl Directive on landfilling of wadte it is proposed
that landfill gas should be collected from dl landfills receiving biodegradable wagte
and theredfter treated and used, or dternaivey flared. Thirteen Danish landfills
currently generate dectricity by extracting methane gas with an aggregated heating
vaue of 550 TJ per year.

CH, emissonsin the period 1990 — 95 ranged from 421 to 445 Gg per year with no
clear trend.
414 N,O

Totd esimated emissonsto air of N,O from Danish sources amounted to 33—34
Gginthe period 1990 —95 (Table 4.4 and Annex A).

N20O 1990 1991 1992 1993 1994 1995

Total National Emission in Gg 34 34 34 33 33 33
1A Fuel Combustion 2 2 2 2 3 3
4D Agricultural Soils 33 32 32 31 30 30
5D Other Land Use Change Activities 1 1

International bunkers® in Gg 0 0 0 0 0 0

General note: Numbers in colums may not add up to the total due to rounding.

Note 1: Not included in the national totals.

Table4.4. NO emissonsto air by sourcesin Gg 1990 — 95.

Using the Revisad 1996-1PCC guiddines, five mgor sources have been identified:
Direct emissons from fertiliser and nitrogen fixation, emissons from nitrogen
depogition, emissons from nitrogen leaching, emissons from livestock and
emissonsfrom higosols IPCC emission factors have been gpplied for eech source.

In Denmark’ sfirg netional communication only the first source category was taken
into account. Thisimplied an underestimation of total N;O emissonsfrom the
agriculturd sector by afactor of 3—4.

Dueto theimpact of the Danish Action Plan for a Sustainable Agricultura
Deve opment, the consumption of commerdd fertiliser decreased by 25% from 1990
to 1996. This decreaseisreflected in the emission figures for the period 1990 — 95.

415 NO,
Totd emissonsto ar of NO, from Danish sources amounted to 253 Gg in 1995

(Table4.5 and Annex A). Fud combustion was practicaly the only source of Danish
NO, emissons.

NO x 1990 1991 1992 1993 1994 1995

Total National Emission in Gg 280 320 274 274 272 254
1A Fuel Combustion 278 317 272 271 269 251
1 Energy and Transformation Industries 96 135 93 97 106 92
2 Industry (ISIC) 19 20 20 20 24 23
3 Transport 125 121 119 117 103 100
4 Comm./Institutional, Residential, Agri./Forestry/Fishing 37 38 38 35 35 35
5 Other Combustion Activities 1 2 1 2 1 2
1B Fugitive Emissions from Fuels 1 3 3 2 3 2
2 Industrial Processes 1 1 0

International bunkers® in Gg 85 74 74 112 124 130

General note: Numbers in colums may not add up to the total due to rounding.

Note 1: Not included in the national totals.

Table4.5. NO, emissonsto air by sourcesin Gg 1990 — 95.

The NO, emissonstended to decrease over the period, from 280 Ggin 1990 to 253
Ggin1995.
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416 CO

Totd anthropogenic emissions of CO from Danish sources amounted to 702 - 726 Gg
in 1995 (Table 4.6 and Annex A).

The main source was combugtion processes, accounting for 656 Gg in 1995. The
second mogt important source was fugitive emissons from cod gores, accounting for
45 Ggin 1995. Thisis cdculated usng an emission factor of 0.0000034 Gg CO per
tonne of sored cod.

[6]0) 1990 1991 1992 1993 1994 1995

Total National Emission in Gg 785 800 770 725 704 701
1A Fuel Combustion 751 756 728 688 662 656
1 Energy and Transformation Industries 38 40 43 47 48 49
2 Industry (ISIC) 9 9 9 8 12 10
3 Transport 552 542 509 470 422 389
4 Comm./Institutional, Residential, Agri./Forestry/Fishing 153 164 166 162 180 206
5 Other Combustion Activities 0 2 1 1 1 2
1B Fugitive Emissions from Fuels 34 44 43 37 41 45

International bunkers® in Gg 9 8 9 12 12 13

General note: Numbers in colums may not add up to the total due to rounding.

Note 1: Not included in the national totals.

Table4.6. CO emissonsto air by sourcesin Gg 1990 — 95.

The CO emissons tended to decrease over the period, from 785 Ggin 1990 to 702
Ggin1995.

417 NMVOC

Tota Danish anthropogenic NMVOC emissons amounted to 162 Ggin 1995 (Table
4.7 and Annex A). Themain part — 93 Gg — came from combugtion processes 40
Gg came from solvent use, where paint gpplication were the most important sub-

category.

NMVOC emissons dso tended to decrease over the period, from 179 Ggin 1990 to
162 Ggin 1995.

NMVOC 1990 1991 1992 1993 1994 1995

Total National Emission in Gg 179 176 170 161 166 162
1A Fuel Combustion 116 114 109 101 97 93
1 Energy and Transformation Industries 1 1 1 1 1 2
2 Industry (ISIC) 2 2 2 2 3 3
3 Transport 101 97 93 85 77 71
4 Comm./Institutional, Residential, Agri./Forestry/Fishing 12 13 13 12 15 17
5 Other Combustion Activities 0 0 0 0 0 0
1B Fugitive Emissions from Fuels 8 8 7 7 16 17
2 Industrial Processes 1 1
3 Solvent and Other Product use 43 42 42 41 41 40
4 Agriculture 2 2 2 2 2 2
5D Other Land Use Change Activities 9 9 9 9 9 9

International bunkers® in Gg 3 3 3 4 4 4

General note: Numbers in colums may not add up to the total due to rounding.

Note 1: Not included in the national totals.

Table4.7. NMVOC emissonsto air by sourcesin Gg 1990 — 95.

418 O,

Danish SO, emissons were computed using the emisson factorsin Annex D and the
corresponding consumption of sulphur-containing fudl. Since most Danish power
plants are equipped with desul phurisation units, emissons from this source are based
on direct measurements. Total Danish anthropogenic SO, emissons amounted to 150
Ggin 1995 (Table 4.8 and Annex A). Themain part — 106 Gg — came from the
source category public power, CHP and didrict hedting.



HFCs PFCsand S

HFCs

PFCs

Se

SO:2 1990 1991 1992 1993 1994 1995

Total National Emission in Gg 180 239 186 152 155 150
1A Fuel Combustion 180 239 186 152 150 147
1 Energy and Transformation Industries 132 188 143 112 111 106
2 Industry (ISIC) 21 23 22 20 22 19
3 Transport 15 16 11 9 10 10
4 Comm./Institutional, Residential, Agri./Forestry/Fishing 11 12 11 11 7 12
5 Other Combustion Activities
2 Industrial Processes 4 3
6C Waste Incineration 1 0

International bunkers® in Gg 55 46 38 66 70 78

General note: Numbers in colums may not add up to the total due to rounding.

Note 1: Not included in the national totals.

Table4.8. 0, emissonsto air by sourcesin Gg 1990 —95.

419 HFCs PFCsand S

The consumption of HFCsin the period 1990 — 95 increesed in linewith the
replacemeant of CFCs while the consumption of S= remained largdy unchanged
(Table4.9 and Annex A). The consumption of PFCsin the period was negligible,

Consumption of HFCs, PFCs and SF¢ 1990 1991 1992 1993 1994 1995
HFCs in Gg 0.000 0.003 0.024 0.343 0.600 0.750
PFCsin Gg n.a. n.a. n.a. n.a. n.a. 0.002
SFe in Gg 0.015 0015 0.015 0.017 0.021 0.017

Table 4.9. Consumption of HFCs, PFCs and SFsin Gg, 1990 — 95.

The Danish consumption figures, estimated actud emisson figures and GWP-
weighted emissions from industrid non-energy processesin 1995 are shown for
HFCs PFCsand S in Table 4.10.

GWP of HFCs, PFCs and SF 1995
Consumption  Estimated actual emission  GWP-weighted actual emission
G9) G9) (Gg CO- eqv,)
Total GWP - - 419
HFCs 0.750 0.197 216
-134a 0565 0147 191
-152a 0050 0044 62
-40da 0120 0005 19
ather HFCs 0015 0001 unknown
PFCs 0.0015 <0.00015 <1
SFs 0017 0.0085 203

Table4.10. HFCs, PFCsand S~ , consumption, emissionsto air and therdated
GWPin Gg, 1995.

The esimated actud emissions are computed from the consumption figures by
gpplying the method recommended in the Revised 1996-1PCC guiddines

Totd GWP-weighted emissions of HFCs PFCsand S~ was 419 Gg CO; equivaents
in 1995, of which was accounted for by HFCs (52%) and S (48%).

HFCsare mainly emitted during the blowing of seding foams (63%). A further 15 %
isemitted in the manufacture of refrigerator/freezer insolation foam and 12% during
the blowing of miscdlaneousfoams eg. open cdl foam.

Consumption and emissons of PFCs are inggnificant, only perfluoropropane being
used in Denmark. PFCs are not produced in Denmark.

70% of the S is emitted during the production of soundproof windows and 18%
from magnesium foundries (used as cover gas). Therest is emitted from dectrical
equipment (insulation medium) in power plants, research inditutions (eg. ar trace
gas) and miscdlaneous gpplications, eg. low-noise proof car tyres.



CO-sequedtration in exigting
foress

Annual CO; fixationin
exiding forests.

Increasing carbon fixation
through afforestation.

1990-95

42 Snks

Theforest areaiis defined as dosed canopy high forest. This meansthat open
woodland and open areas within the forest are not induded.

The assumption is thet the Government’ s srategy of doubling the forest areawithin
the next 80— 100 yearswill be followed. Afforestation will gradually reach 40 knv
per year asthe interest in private efforestation and gppropriations for nationd
afforegation increases. The pesk eforegtation rate will be around the year 2020.

The 1990 inventory on foregs gives atotal standing stock volume of 55,154,000 n’.
The sanding ock volumeisin average 13,200 nv* per kn in 1990. Using the IPCC

recommended converson factors the amount of carbon sored in exiding forestsin
1990 was 23,600 Gg correponding to 86,526 Gg CO, asshown in Table 4.11.

CO, reservoirs and sinks 1990 1991 1992 1993 1994 1995
CO, reservoir in forests' in Gg 86526

Total CO, uptake in Gg 924 932 940 948 956 964
CO, uptake due to net increment in existing forests® in Gg 916 916 916 916 916 916
CO; uptake due to afforestation since 1st. Jan. 1990 in Gg 8 16 24 32 40 48
Note 1: Forests existing by 1st. Jan. 1990

Table4.11. CO, reservoir and uptakein forestsin Gg, 1990 — 95.

Theannua net-increment (increment minus thinning removals) in the period 1990 —
2000 is esimated to be 600,000 M’ per year. Using the IPCC conversion factorsthis
equas around 250 Gg carbon per year or 916 Gg CO; per year. Annud fdling /
removal basad on 1990 figures wias 480 m® per kn per year or 0.110 Gg carbon per
knT per year.

Thetota annud afforestation rate during the period 1990 — 95 is edimated to have
been around 19 kn per year. Thisindudes both areas covered with trees and open
areasin theforedt. In connection with carbon fixaion it isthe tree-covered areathet
isthe interesting factor. The annud afforestation rateis therefore etimeted to be
between 10 and 15 kn” per year. It is expected that the rate will increase gradualy,
as new aforestation incentives (adopted in 1996) takes effect, and pesk with 40 knv
per year around the year 2020.

Assuming thet the forest area doubles within the next 80 — 100 years, thefallowing
CO, binding pattern can be expected. Over the next 30 years, CO; binding will be
gmdl. 70— 120 years after the forest is planted, GO, binding will pesk a gpprox.
3,500 Gg CO; per year or gpprox. 5% of present annud anthropogenic emissonsin
Denmark.

Within the next 10— 20 years, the quantity of wood for energy purposesis expected
to rise while the quantity of wood for pulp and paper production will fal.

The average aforestation rate over the period 1990 — 95 was 19.38 kn per

Danish CO, uptake and growth modds show an average CO, binding raeof O4ng
QO, per kn per year on average basis through the whole afforestation period of 150
years Thismeansthat the 19.38 kn” per year equals 8 Gg CO; per year. Thetotal
annud uptake over the period 1990 — 95 isshown in Table 4.11 and Annex A.




Agricultural Land use

Biomassin agricultural
ecosysens

43  Agricultural ssctor

In 1992 thetota arable areawas 27,600 kn?, which is about 65% of the total areaof
Denmark. The digribution of agriculturd areaby crop typeisshown in Table 4.12.

Since the 1930s the arable area has decreased by about 10%. Part of thisland hes
been used for infrastructure and municipal development. More recently the area of
agricultura land has d o decreasad due to afforedation and environmental measures

Permanent grasdand has d o decreased by about 10% during this period, wherees
annud crops have incressed.

Dueto the EU Agricultura Policy reform, 2,000 kn of arable land has been set
adde evary year in order to reduce food production. Thisland may be used for
non-food production, however.

According to the Action Flan for Sugtainable Agriculturd Development, the arable
areais expected to decrease by afurther 2,500 to 4,500 knY over the next 15 years.
Land is needed for municipa devel opment and infrastructure, and marging land will
be &t asde or taken out for other environmenta reasons. It is not expected thet the
use of the arable land will change condderably.

During the last 30 years, there has been a condderable increase in the bilomass
production of in the agricultura ecosysem dueto achangein agriculturd practice
In concert with this there has been an increase in the use of fertiliser, especidly

nitrogen.

Itisdifficult to give an exact measure of production in the agriculturd ecosystem as
thisisdosdy rdaed to dimate conditions. Average crop production over the four-
year period 1989 - 92 isshownin Table 4.12.

Totd annud dry matter crop production in Denmark is about 17,100 Gg.
Assuming thet goprox. 1/3 of crop biomassis accounted for by roots, sraw etc. (Ieft

infied), total biomass production in the Danish agricultura ecosysem can be
edimated at 23,000 Gg per year or 0.833 Gg/lkm2.

Crop produdtion in average 1989-92 Freshweight (Gg)  Dry matter (Gg)
Tatal Crop Production 41,704 17,106
Ceaeds 8,647 7,350
Rape 645 587
Pulsss 437 371
Straw 3535 3,006
Roats 10,854 2,383
Tops 2,258 339
Grass and green fodder 15,328 3,066

Table4.12. Average annual crop production in Gg for the last four-year period 1989
—1992.

431 Posshilitiesintheagricultural sector for CO, ssquedtration and the
reduction of other greenhouse gasemissons

In cultivated soils humus masses comprises 2 — 5% of the top soil, depending on the
type of soil and crop.

It might be possble to increase the humus content dightly in some fidds, though an
increase will be very dow, and only be within the limits of the natural cgpacity of the
s0il. The mogt important factor for an increaseis acongtant high input of organic
metter.




N.O

Methane, CH,

Manure

Itisunlikely that achange in soil humus content can be of a sufficent magnitudeto
seguester Sgnificant amounts of CO..

Theemisson rate of NO from cultivated il depends on acomplex aray of factors
including soil Structure, pH, dimate, crop, soil carbon content, water gatus, and
amount and kind of nitrogen fertilizer. The possbleimpact on NO emissons of
changing these factorsis not well known.

Possibly the mogt effective way to influence emissonsis to reduce nitrogen input to
the soil and improve the use and handling of fertilizer, espedidly animd fertilizer.

In Denmark, severd measures have been taken to improve the handling and
utilisstion of animd fertilizer and to decrease the totd nitrogen input to the soil. The
meesures incdlude compulsory crop rotation and fertilization planning at eech farm,
limits on the amount of animd fertilizer goplied per hectare and improved utilisation
of its nitrogen content. Nitrogen requirement norms for the different crops have been
defined and the totd application of nitrogen is not alowed to excead the cdculated
reguirement based on these norms. The consumption of nitrogen in commercid
fertilizer has decreased by 25% from 1990 to 1996.

In the agriculturd sector methane i's produced by enteric fermentation in the
digedtive tract of ruminants. The methane production is dependent on the amount
and qudity of theingested diet and the weight of the animd. Methane emission from
cattle can be reduced by increesing digedtibility of the diet, dthough the diet of a
Danish dairy cow usudly hasahigh digedtibility.

Methane emisson can dso be reduced by reducing the number of cattle During the
lagt 10 years the number of cattle has been reduced by 24% and afurther reduction is

expected.

In Denmark, sheep are of no importancein rdation to the methane emisson dueto
their smal number.

Manure from livestock aso contributes to methane emissons, espedialy when kept
under anaerobic conditions, eq. liquid manure tanks. About 75% of the manure from
Danish famsis gored in thisway. Energy 21 foressesagradud increaseinthe
number of community biogas plants basad on manure and other organic residues,
which will contribute to the future reduction of CH,-emissons (compare table 6.3).

432 Biofud production

Agriculturdly produced raw materid for liquid biofud production is expected to
have an important potentia for the future. However, further investigetion, research
and development is needed before this potentid can be determined and exploited
fully.

Thefull utilisation of the potentid is dosdly rdated to exiging agriculturd and
energy policies. It isnot presently tractive for farmersto engagein biofud
production due to exigting price levels on products for other purposes and taxation on
energy produced from biofues Recently, however, the production of biofuds has
been made more atractive to farmers under the EU set-aside scheme.

Thetechnologicd and economic issues are presently being reviewed by ajoint task
force from the Minigtry of Environment and Energy and the Minidry of Food,
Agriculture and Fisheries

Energy 21 foresees agradualy increasing contribution from biofudsin the transport
sector in the later hdf of the period until 2030.



433 Enegy Crops

Surplussraw is dreedy used for power and digrict heating productionto a
condderable degree. Exigting agreements with power producers will expand this
utilisation further in the near term.

Inthe longer term, solid biofuds from various energy crops from the agriculturd
sector isforeseen in Energy 21 to reech aleve of about 50 PJ.



Eneray plans

5 Polidesand messuresto reduce
greenhouse gas emissons

51 Carbondioxide CO:

The Danish Government’ starget is to reduce carbon dioxide emissions from the
energy consuming sectors by 20% by the year 2005 as compared to 1988. Besides, the
Government isworking towards an international agreement on a50% reduction of
CO, emissons by 2030, compared with 1990.

The new Danish energy action plan Energy 21 launched in April 1996 confirmsand
maintains Denmark’ s netiona objectives as mentioned above and contains a number
of new or revised messures. By fallowing the plan, it is passble to reech the 2005
reduction target. In Chapter 6, a detailed presentetion of the plan is given.

In addition to the plan, the Government has decided to work for an annud increase
in the use of renewable energy by 1%, averagdy, until 2030. Thisimplies that
renewable energy will condiitute gpprox. 35% of the grass energy consumption in
2030.

Lady, the Government has announced a coal stop, implying that new cgpadity inthe
power sector basad on cod will not be permitted.

511 Energy policy measuresof rdevanceto thelimitation of greenhousegas
emissons

» i ~

Danish palicies regarding limitation of the environmental impact of the use of energy
arerooted in many years of active nationd policies on energy and the environment.

Thefirg nationd plan from 1976 together with further development of the palicies
during the 1980s resulted in mgor restructuring of the energy system in Denmark.
Theimplemented policiesinduded:

Conversgon of power plantsfrom ail to cod.

Devdopment of ail and neturd gesfiddsin the North Sea

Condruction of anationa gas digtribution network.

Massve change of heat supply from individud oil furnacesto didrict heating and
natura ges.

Elimination of ail used for digrict hegting in favour of locd resources (Sraw,
wood, waste) and neturd ges.

Expangon of combined heat and power sysemsin order to increesetotd sysem
effidency.

Devdopment and implementation of renewable energy sources such aswind,
biomass and solar energy, aswell as wagte incineration and biogas based on
recyding of organic wagte

Comprehendve energy savings programmesin theindudtrial and resdentia
sdtors

Strengthening of Sandards for new buildings

Increased research and devel opment on energy technologies.

Asaresult, totd primary energy consumption was Sable, despite substantia growth
indl economic sectors. In pardld, the environmenta impact of energy usewas



Nudear power

Plan of Action on Emvironment

and Devd opment

Eneray 2000

Eneray 2000 —follow-up

Discussion paper

reduced subgtantialy asadirect result of the changesin the energy sysem, aswell as
by implementation of emisson sandards, emisson guotas and other regulations.

In 1985, it was decided not to use nudear power in Denmark. This decison was
reflected in the energy action plansaswell.

» oS

Inthe late 1980s, focus gradudly shifted from congderationsin security of supply,
minimisation of energy sarvice cogts and locd environmentd effects to broader
environmenta congderations, notably the god of achieving long-term sudtainable
devdlopment, on anaiond aswdl asglobd leve.

In 1988, the Danish Government presented its Plan of Action on Environment and
Deveopment, as afollow-up of the recommendations st out in the report from the
Warld Commisson on Environment and Deve opment, the Brundtland Report, and
in the United Nations Environmental Perspective to the year 2000. This action plan
St out the targets to be reeched and the initiatives to be implemented in dl sectorsin
order to obtain sustainable devel opment.

The Energy Action Plan, Energy 2000, followed in 1990 based on apalitica
agreement of 20 March 1990. It introduced the god of sugtainable development in
the energy sector and formulated the nationd objective of a20 % reduction in CO,
emissons by 2005 compeared to 1983. Energy 2000 focusad on savingsin energy
consumption, increased efficiency of the supply system, conversion to deaner sources
of energy and on research and deve opmentt.

These plans have been followed up through political agreements and legidation. The
Energy 2000 — follow-up from 1993 contained areview of trends and policies
together with anumber of further initiatives.

Themost important initiatives during the period 1990 — 95 are summiarized in Box
51

Prior to the new energy action plan, Energy 21, adiscusson paper, Denmark's
Energy Futures was published in December 1995. This pgper contained technica
andyses of future scenarios for energy consumption and supply in Denmark.

At the same time, the Government presented a generd Nature and Environment
Policy giving an overview of the Danish effortsfor protection of the environment.
Thisfuther framed the principles of sustainable devel opment and ecologicd space.

Srall-scale CHP. Extension of amdl-scale CHP (combined heet and power
production), increasad connection of consumersto collective supply sysemsand
the use of naturd gasin centra power gations, aswell as afurther expangon of
100 MW wind power under the auspices of the dectric utilities

CO, tax and subsidies The*CO, package’ of May 1992 comprised four Acts
which among other things made it possible to grant State subsdies in connection
with converson to or exploitation of CHP.

Thebiomass action plan: A palitica agreement of 14 June 1993 focused on
increasad use of biomassin energy supply.

Effidency sandards for appliances etc.: Legidation dated March 1994 medeit
possible to establish generd requirements for the energy efficiency of appliances
and equipment.

Integrated resource planning: Legidation dated February 1994 ordered the utilities
to carry out plansfor dectricity savings as part of the power production forecasts.




Eneray 21

Building code: The Building code of 1995, which entered into force on 1 January
1996, entailed areduction of 20-25% of the net heet demand for new buildings.

Energy labdling: With effect from 1 January 1995, energy labdling of refrigerators
and freezers was introduced, and in addition it was decided to energy labd other
gppliancesin accordance with anew EU directive

Greentaxes Aspart of the tax reform 1994 — 98, legidation of June 1993 imposed
anumber of increased new green taxes on households. Legidation coming into
force January 1 1996 imposesincreased CO; taxes on heavy and light processesin
indugtry aswell as new taxes on gpace hedting in industry which will beincressed
to theleves gpplied to households. In addition the legidation mede it possbleto
employ agreaments on energy efficdency measures between authorities and
enterprises. A new sulphur tax was aso introduced.

Renewable energy. 1N November 1995, the Minigter for Environment and Energy
presented Renewable Energy — New Initiatives aming a an extenson of the use of
wind power, biomass and Solar hedt.

Box 5.1. Themogt important initiatives contained in the Energy 2000 — follow-up
from 1993.

The new energy action plan, Energy 21, dedswith international market conditions
and long-term environmenta aspects, asthe overdl chdlengesto the energy sector.
Themgor environmentd chdlengeisto achieve a convergence of emissons of
indudtridised countriesto aleve that would be globdly susaineble. Without such a
convergence the progpects for expecting the rest of the world to respect the limits of
globd environmenta space will be very meegre.

In connection with the gpprova of the action plan, the Parliament decided to work
for aninternationa agresment on a 50% reduction of CO, emissonsfrom
indudtriaised countries by 2030, compared with 1990 levels. Energy 21 consequently
ams fulfilling this god. Such an agresment could be conggtent with aglobd
scenario that achieves abilisation of CO, concentration at 450 ppmv, seefigure 5.1,
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developing countries with a delay of 20 years.

Figure 5.1. Global CO, emisson scenario of the Danish Energy Agency that
achieves gabilisation at 450 ppmv.




QCO, reduction targets

Taroetsfor CO, emissons

The plan sats out the framework for anumber of initiatives focusng espedidly on
reducing the requirements for resources and the impact on the environment from the
energy sector. Nationd “yarddticks’ regarding improvement of energy intensity and
enhanced use of renewables are formulated.

Besdes, the Parliament decided to work for an annud increase in the share of
renewable energy by 1% until 2030. Thisimpliesthat renewable energy will
condtitute gpprox. 35% of the gross energy consumption in 2030.

In March 1997, the Government announced a coal stop, implying thet new capacity
in the power sector based on cod will not be permitted.

Energy 21 introduces anumber of new meeauresin the energy sector. A description
of these energy rdated legidation and messuresis provided in Annex F together with
afull lig of earlier measures

In May 1990 the Government adopted the Trangport Action Flan, which ams at
gabilisng CO, emissons by 2005 and a 25% reduction by 2030, compared to 1983
leve for this sector.

The combined effects of Energy 2000 and the Trangport Action Plan were expected
to be more than a 20% reduction in emissons from energy usein 2005. Thistarget
was subsequently gpproved by Parliament.

Thetarget was defined in terms of emisson values from energy usein 1988 corrected
for variationsin dectricity exchange and outsde temperature, including internationd
ar traffic, but exduding bunkers and flaring, and entailed areduction of 12,200 Gg
CO; out of atotd of 61,200 Gg.

Internationdly, Denmark has committed itsdlf to qabilise emissons at the 1990 leve
by 2000 within the framework of the Climate Convention, and as a contribution to
the overdl gabilisation by the year 2000 for the countries of the EU to achieve a5%
reduction in 2000 compared with 1990.

As previoudy mentioned, the Government isworking towards an internationd
agreament on a50% reduction of CO, emissons by 2030 compared with 1990 levds

512 Trangort

The Danigh trangport sector contributes gpprox. 20% of thetotd Danish CO,
emissions from the energy consuming sectors.

Thereduction in CO, emissons must asfar as possble be bassd on the most cost
effectiveinitidives

In 1990, the Danish Government presented a Trangport Action Flan, which laid
down the present CO, emission target for the trangport sector. Thetarget isto
dabilise CO, emissons at the 1983 leve by the year 2005, and reduce it by 25% up
to 2030.

The Trangport Action Plan was fallowed up in December 1993 by Trangport 2005
which reviewed the implementation of the energy and environmentd targets. It was
emphadsad that fulfilment of the target for CO, emissons while continuing to
provide an efficient and flexible trangport system to the public and commercid sector
isthe greatest chdlenge of nationd trangport palicy in the yearsto come.

Inimmediate continuation of Trangport 2005, the Danish Minigtry of Transport
therefore initiated further darifying work aiming to a identifying effective policies
and mesauresfor reducing CO, emissonsin the trangport sector.



The Danish Parliament has confirmed the CO, emisson targets for the trangport
sector on severd occasons, modt recently in February 1996.

It is Danish policy thet the present CO, emission targetsin the transport sector must
be met. In future, further follow-up will be carried out a regular intervalsin order to
ensure among other things a reasonabl e bal ance between the effortsin the trangport
sector and those in other energy consuming sectors. At the sametime, thetargetsfor
the period up to 2030 mugt be seen asinterim, as these must be determined in the
context of future assessments of the latitude alowed by ecologica congderations.

Future evironmental impact It has not been possble to dow down theincreese in CO, emissonsfrom the
of the trangport sector trangport sector and as a conssquence of rgpid growth in treffic volumein the first
half of the 1990s CO, emissonsin 1995 werewdl abovethelevd in 1988.

AsdhowninHg. 5.2, CO, emissonswill have to be reduced by between 7 and 20%
by the year 2005 if the target of Sabilisng CO, emissonsa the 1988 levd isto be

met. Correspondingly, CO, emissionsin 2030 will have to be reduced by 30 to 40%
by the year 2030 if areduction of 25% compared to the 1988 leve isto be achieved.
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Fig. 5.2. Reductionsin CO2 emissons reguired by 2005 and 2030 to meat reduction
targets given various economc scenarios.

The badic premise of the projections should be the moderate growth scenario. If the
growth turns out to be higher, further reductions may be achieved, primarily through
grester use of economic indruments.

A premise of Danish trangport palicy isthe continued provison of an efficient and
flexible trangport sysem to the public and commerdid sector. Passenger vehide
traffic will therefore continue to account for most of the passenger and goods
trangport. The Trangport Action Flan contributes towards making cars more
environmentally sound, and towards limiting the growth of the overdl volume of
road treffic.

Trangport cogts It isthe Danish Government’ s opinion that the total socid codts, including the
environmenta codts of trangport, should beintegrated in the pricing of trangport. To
the extent that cogts are not reflected in the price of the trangport mode in question,
they may —asamater of principle— beincorporated in the form of taxes.

It isedimated thet it is possble to meet the target of Sabilisng thelevd of carbon
dioxide emissons & the 1988 levd by 2005 if the price of petrol risesroughly in
tandem with the improvementsin energy efficency of new cars

Asuming continued gainsin the energy efficiency of new cars, the price of petrol
mudt riseif the principle of unchanged fuel cogts per kilometre for new carsisto be



Improved eneray eficiency

Danish fud prices up to 2005

followed. At the sametime, it is assumed that the price of diesd will follow therise
in petrol prices

To the extent that increases are not redlised through increases in producers prices,
other means to influence the varidble trangport cogts will be congdered. Therate of
possble tax increases will be adjugted to the leve of the prices of petrol and diesd in
our neighbouring countries, 0 asto avoid undesrable cross-border trade. In this
connection, Denmark will work on raisng the minimum rates for fud taxesin
accordance with the EU Minerd Oil Directive. Furthermore, the Danish Government
will work actively to creste a coordinated palicy in the areatogether with our
neighbouring countries.

Even without any spedific action taken, there will be gainsin energy effidency dueto
ongaing R& D in carproduction. It isthus assumed thet new petrol powered cars drive
an average of 14 kilometres per litrein 1995 and 15 kilometres per litre by 2005.
Some uncartainty isinvolved in cdculating the energy efficency of new cars,
however.

The Danish Government proposesto enter into gpecific agreements a the EU leve
with car manufacturers on limiting the CO, emissons per car. It isassumed that this
will result in areduction of at least 25% compared to the 1990 leve by 2005.
Conssquent to upon the assumption that the price of petrol will follow the average
ganin energy eficency, it isfuther assumed thet the risein energy efficiency a the
EU levd will be reflected fully in the average energy efficency of new carsin
Denmark a alevd of 18 kilometres per litre by the year 2005.

An average energy efficiency of new cars of 20 kilometres per litreisto be achieved
by further pedific decisons on the use of finandid incentives and information
campaigns on the fud effidency of cars From July 1997, the base for annud road
tax for dl new cars has shifted from weight to energy efficency. However an andyss
based on internationd comparisonsindicatesthat it isrdaivey difficult to change
buying habitsin connection with car purchases by differentiating the consumer prices
on the bags of energy efficdency. The god — 20 kilometres per litre—may therefore
turn out to be ambitious.

Anenargy efidency of 20 kilometres per litre for new cars entalls an increaseiin
energy efidency by 2005 of gpprox. 30% (20 km per | vs. 15 km per I). Only part of
thisimproved energy efficiency will be effective for the car flest asawhole by 2005.
Congdering the expectations of ardativey high leve of car sdes, together with the
fact that new cars are driven more than older cars it is assumed thet 30 to 35 % of
the increase in energy efficiency for new cars by 2005 effect arisein average energy
effidency of 11% for the car flest assawhole

Asaconseguence of higher fud eficency and the correspondingly lower codts of
owning and driving acar, the population will drive more. On the bass of various
urveysit isassumed thet every time the energy costs drop by 1% the car trave
adtivity rises by 04%. The expected 11% risein energy effidency for the car fleet as
awhdethusentallsa4%risein car travd activity. Whenthisrisein car trave
activity is combined with the 11% gain in average fud efficdency, thetotd energy
savings on passenger car trangport will be gpprox. 6 to 7%. As passenger carsare
respongble for gpprox. 55% of emissions, thetotd reduction in CO, emissonsfrom
the trangport sector will be 3 to 4%. Thetotd long-term effect is etimated to be
aoprox. %, and the res of the increase (from 3 — 4% to 9%) is expected to become
effective mainly during the period 2005 to 2010.

The Energy Agency assumestha producers pricesfor diesd and petral will in
relation to 1996 lead to an increase in consumer prices of goprox. 25% by 2005
compared with 1996 prices Besdes thisincrease, the use of financid incentivesto
lower increasein car trave activity is assumed to entail afuther increesein the fud
prices of aout DKK 0.50 (USD 0.07).



Other areasfor spedial efforts
up to 2005

Total effect

Foredry.

On the beds of various surveysit is assumed that when the energy price rises by 1%,
the fud consumption for passenger carsfdls by 0.4 %, and for vansand lorries by
0.2%.

The expected increase in fud pricesthus entailsafdl in fud consumption of gpprox.
11% for passenger cars and 6 to 7% for van and lorry trangport. As passenger cars
are respongble for gpprox. 55% of theemissons, and vansand lorries are
respongble for gpprox. 35%, this means areduction in total emissons of gpprox. 8%.

The ather palicy areas sngled out for spedid effortsindude:

Physicd planning

Research and devd opment

Promotion of energy efficient behaviour, induding energy efficent driving
Promotion of areduction of the trangport nead of households and companies
Promoation of bicyde trangport

Promoation of energy effident public trangport

Promotion of coagtd seatrangport

Promotion of optimisation of environmentaly sound goods trangport

It isesimated thet these areas combined can yidd CO, emisson reductions of up to
4%.

The estimated totd effect of the above mentioned policies and influences areduction
in CO, emissons of about 15% in comparison to the expected emisson leve by
2005, the net effect being Sabilisation a the 1988 leve.

513 Agriculture

Themain aress of agriculture affecting CO,emissons arefidd burning of sraw and
the production of nonHfood crops. Held burning of straw has been prohibited in
Denmark for severd years. As aconsequence, sraw isincreasingly ploughed into the
ground or used asafud. Thisincreases carbon accumulation in the soil and reduces
the emissons of CO, and N,O, while using the sraw asafud reduces emissons
from fossl fud combustion.

The growth of non-food crops on about 40,000 ha together with the use of part of
these non-food crops for energy purposes (biofudls) replaces fossil fuds and reduces
CO, emissons.

514 Landusechangeand foretry

The mgority of foretsin Denmark are resarved for multiple use forestry and are
protected againg deforegtation by the Forest Act (revised May 1996). Theforest area
has been increasing steadily during this century and the Danish Parliament recently
decided to double the forest area over the next of 80— 100 years

Achievement of this objective necessitates an afforetation rate of 40 kn per year
through public and private initiatives. According to the latest revison of the Forest
Act in 1996, new and improved incentive sructures will be put in place to promote
private afforestation on agricultura lands. It is esimated that these new incentives
will ensure asufficient rate of afforetation.



Agricdture

Wade managarat

Environmental Inpacts

Regarding foredtry, it could be mentioned that an increasing amount of wood chipsis
expected to be usad in the energy production.

52 Mehane CH.

Exiding palides have seoured the condruction of 20 large community Sze bioges plants
thet produce dedtridity and heet for villages or towns, therelly Smultaneoudy redudng
CH, emissonsand emissonsfrom fossil fud. The Energy 21 foresses afurther expanson
inthe number of such plants, leading to asignificant reductionin CH, emissonsfrom the
dorageof manure

Theman objedtivesin thefidd of waste and recyding are to reduce the quiartity of weste
production, to minimise the environmentd impect of wagte digoosd, and to meke use of
the resources contained in wegte

Thegenad order of priortiesisasfalows

1. Cleane techndlogies

2 Recyding

3. Indneration with energy use
4. Landfilling

The oyjettives and the initiatives required are described in the Danish Government's
Adion Fan for Wese and Recyding 1993 —1997.

The plan introduces asaries of initidives reflecting the above priarities, basad onthe
oveadl prindplethat dl westes should be maneged inamanner which isssfefrom the
point of view of cooupationd hedth.

In 1995 thettotd weste production was about 11.2 million tonnes The ojedtiveistha
about 50% of thetotd amount of wagtes genarated in the year 2000 should berecyded.
Theremander should primarily beindnerated and landfilling should be minimised.

Theamistoindneratedl combudiblewageswhich isnot recyded, and which doesnot
present particular indneration problems with use being made of the energy produced.

In connection with indineration, the energy content of nonHrecydable wegtes should be
ussd effedtivdy like ather biofuds sncemodt of thewadeis CO-neutrd and therefore
caussslowe CO, emissonsthan burming of fossl fuds

Landfilling of combudtible weste has been prohibited from Januery 1997 in order to reduce
landfill gesemissions (CHy).

Theemisson factors have partly been caculated on the besis of the carbon content of the
different types of wadte and partly on the assumption that 50% of the carbon is converted
to CH, and thet 10% of the Danish CH, isconverted to CO; by bedteria

Recydingimpliesanumber of Sgnificant dementsof rav mataidsand energy saving.

Organicwadte: In the case of hiogas and nutrient effluent production or composting of
organic wegtes; thefalowing environmentd agpects of CO, emissonsshould betakeninto
condderation in connection withindneration or landfilling:

Compog/nutrient effluent may replaceimported fertilisars the production of whichis
enagy-intendve

Energy in connection with biogas production and indineration can be utilised, wheress
by composting energy isconsumed

Q0 emissonsextend over longer periodsand will bedightly lower with bioges
production and compodting then with incineration, snce part of the dowly degradable



carbon remainsin the compogt. Addition of compodt to cutivated sailsdowly
increeses the humus content of the sail.

Avadng landfilling of organic westeresuitsin lower emissonsof CH,.

In 1995, 575,000 tonnes of arganic waste was tregted in compogting or bioges plants. Of
this 66% was garden and park wagte

Paper/cardboard: By recyding peper it ispossbleto reduce the energy consumption for
paper production to between one third and one hdlf. Such energy savings by far outweigh
theenargy usad far CO-neitrd indineration of waste peper. Recyding of peper/cardboard
therefore reduces CO, emissons 1N 1995, the quntity of paper recyded amounted to
about 557,000 tonnes, carresponding to 45% of the patentid amounts

Glass Recyding of glass contributes to reduaing the consumption of energy. Redudtions
compared to production of new glass containerghontretumable containers are larger by
reue (i.e refilling) then by recovery (i.e useof cullet in the production process). In
addition to bear and minerd water containersin return and deposit schemes atotd of
about 104,000 tonnesis reovered, corregponding to gpprox. 63% of the poterntidl.

Bladic: Recyding plagtic reduces the consumption of energy, Sncethe energy consumed in
processing of pladic wadteis about onethird of the energy consumed in the production of
completdy new plagtic raw materids In addition to the energy content of raw materids,
recyding do resuitsin savings of process enargy. Fladtic recyding amountsto gpprox.
29,000 tonnes

Iron and metd: Iron and metd mining is basad on the consderadble amounts of energy thet
may be saved by recyding. Recyding of iron and metd sorgp amountsto gpprox. 983,000
tonnes

The objedtives lad down in the Adtion Flan resuit in incressed recyding, amounting to
dmoad 2 million tonnes per year. The corregponding CO-limiting effects have not been
quentified. The quantities of wagte for indineration are nat Sgnificantly changed. The need
for landfilling will be reducad by 50%, which meansthet about 1.8 million tonnes of wadte
per year is not landfilled but recyded or indnerated. Of this totd, combudible wade
removed from landfills amounts to goprox. 0.8 million tonnes per year.

Thedyjective of about 50% recyding was dready reached in 1994. Asaresuit of the
Adion Fan for Weste and Recyding, recyding now increasad to 61%. Indneration
reeched 20%in 1995, with the godl for the year 2000 being 25%. Landfilling fdl to 18%
in 1995, the god baing to reducethe landfilling further. 1N 1995, 1% of the wadteweas
tregted as hezardous wade

Recyding of someweadte fractions hes dready reeched the objective for the year 2000.
Thesefradtions are damdlition wagte, garden and park wadte, residud products from
power generdion, and sawege dudge

In 1995, the amount of waste reeched 11.2 million tonnes According to the Adtion Hlan
for Weste and Recyding, the amount in the year 2000 is expected to be goprox. 9.8 million
tonnes

Recyding of organic housshald wagteiisfar from reaching the oy edtive for the yeer 2000.
Landfilling of wadte from inditutions, indugtries, trade and commercewill haveto be
reduced sgnificantly to reech thetarget for the year 2000.

Thewagte djedtiveswill be achieved usng asgies of indruments, induding:

Agreamentswith indudtry, supplemented with legidation on take-bedk obligations, and
producer lighility for anumber of products basad on recyding ogjedtives dipulated by
the Miniger for Environment and Energy

Increese and differentiation of wadte cherges with aview to increaaing landfill charges
compered to indneration charges



Landfill gas

Agriculture

Legdaion providing for sgparation of nontrecydable wegte in combudible and non-
combudible fractions, and prohibiting landfilling of combustible waste
Agreament with locd authorities; or legidation on dud odllection of organic wagte and
remaining wage from private househalds with subssouent introdudtion of collection
sysemsfor pgper/cardboard and glass

New guiddines on the design and operation of landfill Stes

Thirteen Danish landfills currently generate dectricity by extracting methane gas.
The energy of the gasis about 550 TJ per year.

53  Nitrousoxide N:O

The Danish Action Flan for Sugtainable Development in the Agriculturd sector was
approved by the Parliament in 1991. The plan amsat obtaining an agriculturd
sector which functions and deveops in harmony with the ecologicd cydesin nature
and a the sametimeis economicd viable,

The plan emphadsthat sustainable deve opment mugt be based on:

Production of hedlthy products of good qudity

Production in an ethica respongible way and without undesirable effects on the
environment and on nature

Important contributions to GDP, employment and the belance of trade

The Action Flan pays gpedid attention to the main environmenta problemsin the
Danish agriculturd sector notably nitrogen emissons and the use of pedticides A
god has been st to achieve a47% reduction in nitrogen emissons by the end of the
century and a50% reduction in the use of pegticides by 1997. Policy measuresand
ingruments are reviewed and srengthened, as gopropriate, on aregular bass

Lessintengve farming and nature retoration, in particular on margind soils, s&t-
adde schemes combined with environmental obligations have dso resulted ina
reduction of the externd effects of agricultura production.

Dataon fertiliser sdesindicate a substantia decrease and the utilisation of nutrients
in livestock meanure haveimproved. This devd opment meanslessemisson of N2O.

54  Othea greenhousegasesand precursors

541 HFCs

With the aim of phasing out the use of CFCs asfadt as possible, HFCs have been usad
to replace CFCsin some areas. Consumption thus incressed from zeroin 1990 to
around 750 tonnesin 1995. During the last couple of yearsthe Danish EPA has
upported anumber of research adtivities to develop products and production
processes which do not use HFCs or other strong greenhouse gases, eg. replacement
of HFCs by naturd cooling agents.

Itistheam of the Danish Government to phase out the use of HFCswithin the
refrigerating indugtries before 2006

Since 1977, it has been prohibited to use HFCs as afire fighting agent and HFC-134a
as apropdlant/solvent in aerosol orays.



542 Precurors

Denmark isaParty to the 1979 ECE Convention on Long-range Transboundary Air
Pollution.

One of the Pratocadls agreed under this Convention is the Protocol Concerning the
Control of Emissons of Valatile Organic Compounds or their Trangboundary Huxes.
Denmark Sgned the Protocol in November 1991 and ratified the Protocol in April
1996.

According to the Protocal, Denmark is now obliged to reduce VOC-emissons by
30% before the end of 1999 compared to the 1985 levd.

Denmark will meet this obligation through legidation concerning:

Caaytic convertersfor cars

Limitation of emissonsfrom refudling at petrol gations

Limitation of emissonsfrom petrol storage and petrol digtribution

Voluntary agresments with Danish industry on the reduction of VOC-emissons
from indudtrid processes by about 40% before 2000 compered to the 1988 levd.

The Converttion on Long-range transboundary Air Pollution also includes a Pratocol
Concerning the Control of Emissions of Nitrogen Oxides or ther Transboundary
Huxes Thisentered into forcein February 1991 and contains an obligation to
gahilise NO, emissons before 31 December 1994. Denmark has met this
commitment.

Tweve Patiesto the Protocol, induding Denmark, have further agreed on a30 %
reduction in NO, emissons by 1998. Denmark will meet this obligation through the
exising Energy and Trangport Plans



Assessmantt of measures

Computer modds

6 Projectionsand assessament of meaaures

6.1 Carbon Dioxide CO:
611 TheEnergy Sector
Introduction

Aspart of the energy action plan, Energy 21, future Danish energy consumption and
CO,- emissons rdated to this consumption have been assessad for the period 1995 —
2030.

The devdlopment in energy consumption and CO, emissons described in this section
is based on Energy 21 dthough the projections for 1995 have been replaced by actud
figures

Theshort term god of Energy 21 isto reach the Danish Government’ s target of
reducing CO, emissions from the energy-consuming sectors by 20%in 2005 as
compared to the 1988 levd. A number of initiatives aming & reeching this god have
therefore been implemented in the Danish energy palicy, as described in Chepter 5
and Annex F.

The assessment of the devel opment for the period 2005 — 2030 is based on more
genard condderaions, among others

Consarvation of heat and dectricity
Use of energy effident appliances and processes
Use of renewable energy.

It isassumed that internationa common efforts during this period will contribute
ubgantidly to reducing Danish CO, emissons.

For the trangport sector, the Government has prepared atrangport action plan, the
objectives of which areto gahilise the sector’ s CO, emissons a the 1988 levd by

2005, and to reduce emissions by 25% before 2030. Use of energy ffident carsis

one of the mgor contributors to the emisson reduction within the trangport sector,
and devdopment of such cars, internationdly, is therefore of mgor importance.

Calallation Method

The cdculaion method used for the projectionsis described in the report Energy 21
— Preconditions and Reaults, (Danish Energy Agency, 1997). In the following, abrief
description of the caculaion method is given.



Consunption modd

Trangport modd

Supply modd

Totals

The projections are based on cdculations carried out by anumber of separate modds,
asillugraed in FHg. 6.1. The cdculations are carried out specificaly for thethree
years 2005, 2020 and 2030, with actud energy consumption in 1994 being used as
the bagsfor the projections For dl other yearswithin the period 1994 — 2030 the
cdculaions are carried out by interpolation.

Sector: Final energy consumption Primary energy consumption
Industry |- Fuels >
Trade & sevice Consumption
Domestic model District heating
Public :: Electricity :: Supply Calculation Resulting
model —»Fuels —» of —»COZ
CO, emissions
|- Electricity —Pp emissions

Transport Transport

model | Fuels >

Fig.6.1. Owerview of modds used for the calculation of primary energy
consumption and CO; emissons

Projections of the find energy consumption for al sectors except the trangport sector
are caculaed in two steps using the consumption modd:

Firgt, afuture energy consumption based soldy on externd factorsis cdculated. The
actud 1994-consumption is used as arting point, and the development isbased on
assumed deveopments of externd factors such as GDP, populdion, etc. Thusinthis
projection, no saving measures or fud conversons areincluded.

Seoond, the changes in energy consumption due to improved effidencies, dtered
consumer behaviour and conversonsto other fuds and/or production methods are
caculated. The caculations result in aspedification of the totd final energy demand,
subdivided as dectricity, digrict hegting and different types of fud.

Projections of the final energy consumption within the trangport sector are caculated
in asgparate trangport modd. The cdculation principle isSmilar to the one used for
the other sectors i.e. the development in the need for trangportation and the rdated
energy consumption isfirgt caculated, and the effect of improved efidendiesetc. is
then added. The cdculaions result in apecification of thetotd find energy
demend, subdivided as dectricity and different types of fud.

The cdculated demands for dectricity and didrict heat are used asinput to the
upply modd, which cdculates the amounts of different types of fuds necessary for
the production of heat and dectricity. The caculation isbased on detailed
information for alarge number of existing and planned power, heat and CHP plants.

Thetotd CO, emisson from fud combugtion in Denmark isthen caculated from the
totd consumption of different types of fuds projected by the consumption modd, the
trangport modd and the supply modd.

Detailed assumptions used for the projections are described in Energy 21—
Preconditions and Results, (Danish Energy Agency, 1997). Some key assumptions
aesummarized in Table 6.1.



Increased efficiencies

1994 1995 2000 2005 2010 2020 2030

Fuel prices: V

Coal (USD per tonne) - 41 47 50 50 50 50
Crude oil (USD per bbl) - 18 23 28 28 28 28
Exchange rate used for fuel

price forecast (DKK/USD) - 5.6 6.5 6.5 6.5 6.5 6.5
Population (millions) 5.20 5.22 5.30 5.39 5.42 5.47 5.51

Heated building areas:

Dwellings (million m?) 255.3 257.5 268.7 279.9 283.4 290.5 293.0
Public sector (million m?) 44.8 451 46.6 48.1 49.6 52.6 54.8
JAnnual growth in GDP - 2.2% 2.2% 2.2% 1.5% 1.5% 1.5%

Development of GDI for
industry, DKK thousand 119 122 138 154 168 197 227
million (1980)?

Development of GDI for
trade and service, DKK 119 122 139 156 180 228 278
thousand million (1980)

Notel: Assumed Danish import prices, based on “World Energy Outlook 1995", IEA, 1995.

Note 2: Comprising the sectors: Agriculture, fishing, forestry etc.; food, beverages and tobacco; construction; construction materias; iron and non-iron;
chemical manufacturing; and other manufacturing. In“Energy 21 - Preconditions and Results’, Danish Energy Agency, 1997 developments of GDI are
stated separately for each of the sectors.

Table 6.1. Summary of key variables and assunptions enployed in the projections
analyss Thefiguresfor 1994 are actual values All other figures are forecads

The economic fud prices usad for the Energy 21 cdculations areliged in Annex G.
A desription of the Danish energy tax sysem isgivenin Annex H.

Future Develgpment

Theenergy initidiveswill lead to:
Increasing efficiendies of dectric gppliances and aother energy equipment
Reductionsin energy consumption due to improved consumer hebits
Convergonsto other fuds and/or energy supply systems at consumer leve
Increasad use of combined heet and power production

Increased use of naturd gas and renewables for heat and power production.

A destription of dl Danish energy-rdated Acts and messuresis given in Annex F.
How these acts and measures contribute to the above destribed devdopment is
described b ow. The figuresin square brackets refer to the numbersin the annex.

Increased efficiency of dectric gppliances and other energy equipment will,
depending on the pecific gppliance, lead to reductions in energy consumption of 15
—78% by the year 2030 as compared to the average 1995-consumption.



Improved consumer habits

Fud converdons

The improvements during the period 1996 - 2005 are assumed to result from:
Green taxes, subsidies and voluntary agreements [10] - [13]

EU labelling schemes for refrigerators and freezers [24]

Efficiency standards for electric appliances and other equipment [25]

JAct on promotion of energy and water conservation in buildings [1]

I mproved windows initiative [33]

Revised building code [21]

Product-oriented initiatives: Labelling, economic incentives, buying clubs and voluntary agreements [29] - [30], [33]
Initiatives directed at local authorities [4], [5]

Mandatory energy management in State-owned buildings [2]

Information campaigns [6], [22], [28]

Subsidies for energy savingsin pensioners’ dwellings [7]

JAutonomous technol ogical development

Box 6.1. Improvements due to increased efficiency. Figuresin| ] refer to Annex F.

Improvements after 2005 are assumed to result from continuation of the aove
mentioned meaaures, intendfied messures where necessary plusincreasad influence
from internationa measures

Theincreasssin efficency have been assessed sparady for the trade and industry
sector, the resdentid sector and the inditutiond sector. The detailed assessment is
presented in Energy 21 — Preconditions and Results (Danish Energy Agency, 1997).
Asan example, Hg. 6.2 shows the deve opment in pecific energy consumption for
equipment used in trade and indudtry.

100
90 +
80 +
70 +

Lighting
60 Processes

% 50 +
40 +
30 +
20 +
10 +

0 t t t t t t
1995 2000 2005 2010 2015 2020 2025 2030

Space heating

Misc.

Note: The development for space heat and miscellaneous are approximate values.

Note: Development only due to more efficient equipment, consumer behaviour is not included.

Fig.6.2. Planned devdopment in spedific energy consumption in trade and
indugtry.

Apart from genera response of energy taxation, reductionsin energy consumption
due to improved consumer habits are assumed to be rather small.

The reductions due to improved consumer habits are assumed result from:
“ Act on promotion of energy and water conservation in buildings”’ [1]
Individual metering [26]

Informative electricity bills [27].

Box 6.2. Improved consumer habits. Figuresin| ] refer to Annex F.

Consumer-levd converson to other fuds and/or energy supply systems comprises
converson from the use of ail, cod and dectricity (for oace hedting) to the use of
naturd gas, digtrict heating, heat pumps (based on dedtricity and naturd ges), solar
heat, sraw, wood and other kinds of biomass. After 2005 converson from naturd



Combined heat and power
production

gasto didrict heating is dso assumed to take place due to expansion of the digtrict
heating networks

Fuel conversions during the period 1996 - 2005 are assumed to result from:
Taxes, subsidies and voluntary agreements [10] - [13]

Subsidies for connection of older buildings to district heating [9]

Subsidies for renewable energy, including demonstration projects [19]

Subsidies for district heating projects in areas not supplied by natural gas, large existing combined heat and power plants or heat
[from waste incineration[15]

Subsidies for conversion of electrically heated buildings [32]

Ban on conversion to electric heating [31]
JAutonomous devel opment

Box 6.3. Fud conversons Figuresin| ] refer to Annex F.

Improvements fter 2005 are assumed to result from continuation of the above
mentioned measures plus intensfied measures where necessary.

Toillugrate the effect of fud conversons, the assumed conversonsfor indudry are
showninHg. 6.3. The use of heat from locd CHP plantsingteed of oil and codl
conditutesamgor part of the conversons The detailed assessment of fud
conversonsis presented in Energy 21 — Preconditions and Results (Danish Energy
Agency, 1997), for the indudtrid, commercid, inditutiond and resdentid sectors,
regpectively.
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W Heat from local CHP
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Fig.6.3. Converson to other fudsand energy sourcesfor process energy and
gpace heating in indudry.

Theincreased use of combined heat and power production contributes subgtantialy to
the improvement of overdl energy effidency.

Increased use of combined heat and power production will result from:

Individual consumers converting to district heating (as described above), in areas where the heat is produced in combination with
power

Increased industrial co-generation, promoted by green taxes, industrial subsidies and voluntary agreements [10] - [13], and by
subsidies for electricity production [14]

Small scale co-generation in the residential and institutional sector, promoted by autonomous development and by subsidies for
el ectricity production [14]

Conversion of heat-only boilers using straw and wood (at district heating plants) to combined heat and power plants using straw,
ood and hiogas, cf. the Heat Supply Act, promoted by subsidies for electricity production [14]

Box 6.4. Combined heat and power production. Figuresin| ] refer to Annex F.

The development in dectricity production is shown gpportioned by sourcein FHg. 6.4.
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Fig.64. Hectricity production by source.

Theincreased use of naturd gas and renewables for heat and power production will
result in agradua phasing out of cod and ail by 2030. Today, cod ismainly used a
the large power plants, while only aminor amount of oil isused in dectricity
production. In Energy 21 it isassumed thet dl new plantsto be built until 2030 will
use naturd gas and/or renewables The use of cod and ail will then be reduced as
the exigting plants are being scrapped. Additiondly, alargeincreasein use of wind
turbines plus acartain use of phatovaltaic energy, geothermd heet and wave energy
isassumed in the last part of the period. After 2005, energy cropswill contribute to
the supply with renewable fuds.

Deveopment in the consumption of different fud typesfor dectricity and didrict
heating isshown in FHg. 6.5.

The development in use of natural gas and renewables until 2005 is based on the following Acts and
measures:

[The Electricity Supply Act and the Heat Supply Act, due to which the use of specific fuels can be stated

C0: taxes[8], [10]

Subsidies to new CHP plants using waste or biomass[15]

Wind energy planning [17]

Subsidies for renewable energy, induding demonstration projects[19]

[Formation of acoundil for sustainable development and renewable energy [23]

Expansion of district heeting will dso contribute indirectly to theincresse in use of naturd gas and renewables

Box 6.5. Use of natural gasand renenable energy. Figuresin[ ] refer to Annex F.

Deveopment in the consumption of different fud typesfor dectricity and didrict
heating isshown in FHg. 6.5.
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Fig.65. Fud consunmption for dectricity and digtrict heating.

Within the trangport sector, alarge number of measures are assumed to be
implemented in order to obtain the CO, emission reduction god for this sector.

The initiatives within the transport sector include:
Use of more energy-efficient vehicles

Use of differentiated car taxes

Initiatives aiming at replacing vehicle transport by other means of transport, e.g. bicycle transport.

Box 6.6. Thetrangport sector.

: lisqf the Projedi S

On the badis of key varidbles and assumed future devel opments, projections have
been made of totd primary energy consumption for the period 1996 to 2030. Thisis
shown gpportioned by fud typein FHg. 6.6.

The use of renewable energy is projected to grow rgpidly during the period. The
expected use of renewable energy is shown gpportioned by sourcein Hg. 6.7.
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Fig. 6.6. BExpected primary energy consunmption apportioned by fud type.
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Fig. 6.7. Usedf renewable energy shown apportioned by source.

The expected CO, emisson relaed to the energy consumption is shown in FHg. 6.8
which aso shows the expected CO, emission for a*Busness-asUsud” scenaio,
updated from the Energy 2000 Plan drawn up in 1990. This scenario illudtrates how
CO, emissonswould have developed from 1990 if no steps had been teken in order
to reduce the emissons. Emissons from internationd trangport are not included in
Fg.6.8.

Thevaduesfor the period 1990 to 1995 are higtorica deta corrected for variaionsin
gpace heating demand and dectricity exchange dueto dimetic variations. For
comparison, uncorrected vaues for this period are shown aswell.

Thelong-term development in the period to 2030 is expected to result in gradually
increasing dectricity export from Denmark. Thisexport isnot dueto dimetic
variations, but arises from the technical lay-out of the power production system, with
increasing shares of cogeneration and wind energy. Since the this export is not
causd by dimatic conditions, the projected CO, emissons are not corrected for this
export.
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Fig.6.8. Planned devdopment in CO, emissonsfromfud combugtion.

The nationd target of reducing CO, emissonsfrom fud combugion by 20% from
1988 to 2005 will be fulfilled by implementing the Energy 21 Action Plan, asthe



QO; content of fue mix

emissions covered by thetarget are projected to decrease dightly more. The targeted
emissonsincude emissons from internationd air trangport, whileflaring is
exduded. Thetarget for 2005 aswell asthe base levd of 1988 are defined in terms of
emissions corrected for both dectricity exchange and outdoor temperature variaion.

The average CO, content of the fudls consumed will decline markedly during the
period. In 1995, the CO, content of the fud mix was gpprox. 72 kg/GJ, whichisdose
to the CO, content in fudl ail. In 2030, the CO, content will be gpprox. 35 kg per GJ,
dueto alarge contribution from renewable energy. The expected devdopment in CO,
content of the fud mix isshown in Hg. 6.9.
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Fig. 6.9. Development in CO; content of the fuel rmix

6.1.2 Landusechangeand foretry

When egablishing new foregs through afforestation, the CO, uptake per hais not
linear over time, but follows anon-linear pattern over a70 — 150 year period with
low garting and ending vaues, but with high net uptake in the middle period around
30 years after planting. While the average uptake over a 150 year period is around
0.004 Gg CO; per ha, much higher values are reached in the pesk period. Asarough
gpproximation projections have been made usng the average vaue of 0.0041 Gg CO,
per haper year until 2009, and a higher average, influenced by peek uptake, of 0.016
Gg per haper year from 2010 to 2030.

6.1.3 Tota Carbon Dioxide Emisions

The expected devd opment in CO, emissionsis shown gpportioned by purposesin
Table6.2. A more detailed breskdown of the emissonsfrom the fud combudtion is
given in Annex B, which contains sectord energy balances and resulting CO,
emissonsfor the years 1990, 2000, 2005, 2010, 2020 and 2030.



CO, 1990 2000 2005 2010 2020 2030
Total National Emission® in Gg 59958 54309 50547 44660 34158 26090
1 All Energy (Fuel Combustion + Fugitive) 50997 52997 49235 43348 32847 24778
A Fuel Combustion 50757 52178 48417 42529 32732 24778
1 Energy Industries 32904 26365 22971 18694 12158 6832
2 Manufacturing Industries and Construction 5845 6508 6988 6672 6046 5823
3 Transport (Domestic) 10490 11021 10282 9863 8928 7735
4 Commercial/Institutional, Residential, Agri./Forestry/Fishing 9473 8284 8175 7300 5600 4388
5 Other

B Fugitive Emissions from Fuels 240 819 819 819 115 0

1 Solid Fuels
2 Oil and Natural Gas 240 819 819 819 115 0
2 Industrial Processes 1005 1312 1312 1312 1312 1312
A Mineral Products 1005 1312 1312 1312 1312 1312
International bunkers? in Gg 4975 8327 9645 11094 12530 13942
A Aviation Bunkers 1915 2379 2750 3100 3700 4188
B Marine Bunkers 3059 5948 6895 7993 8830 9753
Total National Removal® in Gg -924 -1046 -1128 -2063 -2703 -3342

Note 2: Not included in the national totals.

Note 1: The 1990 emissions are corrected for electricity exchange and outside temperature variation.

General note: Numbers in colums may not add up to the total due to rounding and may diverge from table 4.2 due to the use of different calculation methods.

Table 6.2. Prgjected CO, emissonsfrom Denmark for the period 2000 — 30

compared to the emissonsin 1990.

Asacontribution to the overdl gabilisation of CO, emissons by the year 2000 for
the EU countries, Denmark has commiitted itsdlf to achieve a 5% reduction in 2000

compared with 1990.

As can be seen from the table, the Danish CO, emisson will dedine from 59,958 Gg

in 1990 (corrected for dectricity exchange and outsde temperature variation) to
54,309 Gg in 2000. This corresponds to adecrease of 9.4%, and the 5% target is

therefore expected to be fulfilled. The CO, benfit of increasing the forest areahas

not been taken into account in these figures.




6.2 Mehane CH.4

621 Agriculture

Dueto the EU caling on the nationd milk production and theinareased milk
production pr. milking cow bath the number of milking cows and the cattle Sock are
expected to decresse in 2010. Asthe same emisson factors are usad for 1990—asin
Chapter 4—and 2010, methane emissons are reduced acoardingly compeared to the
1990—levd.

On the other hand, however, the production of pigsis expected to grow subdtantialy
from 1990 to 2010, and the reduction in methane emissons gained from cowd'catle
islargdy offst by theincreasein the methane emissonsfrom pigs

CH4 1990 2000 2005 2010
Total National Emission in Gg 424 408 377 362
1 All Energy (Fuel Combustion + Fugitive) 23 42 53 52
A Fuel Combustion 11 27 39 39
1 Energy Industries 1 2 2 2
2 Manufacturing Industries and Construction 1 12 22 23
3 Transport (Domestic) 2 2 2 1
4 Commercial/lnstitutional, Residential, Agri./Forestry/Fishing 7 11 13 13
5 Other
B Fugitive Emissions from Fuels 12 15 14 13
1 Solid Fuels 3 4 3 2
2 Oil and Natural Gas 9 11 11 11
4 Agriculture 329 299 267 260
A Enteric Fermentation 167 143 128 139
B Manure Management 161 156 138 121
6 Waste 72 66 57 50
A Solid Waste Disposal 71 65 55 48
B Wastewater Handling 2 2 2 2
International bunkers?! in Gg 0 0 0 0
A Aviation Bunkers 0 0 0 0
B Marine Bunkers 0 0 0 0
General note: Numbers in colums may not add up to the total due to rounding and may diverge from table 4.3 due to the use of different
calculation methods.
Note 1: Not included in the national totals.

Table 6.3. Projected methane emissions from Denmark over the period
2000 —10 conpared to the emissionsin 1990.

622 Wade

Thedffect of the Action Flan for Recyding and Wadte is expected to be asubgantid
reduction in landfilling of wagte from the domestic sector, gardensand the
commerdd sector before 2000. After 2000, the landfilling from these sectorsis
expected to cease compledy and the most impartant sources would then be bulky
wade, indudrid wagte, wagte from building and condruction, Sawage trestment and
ah& dag.

Usng ahdf-life of 10 years thetotd integrated CH.-emissons from open landfills
aeedimaed tobeasshonnin Tale6.3.

Totd Danish methane emissonsin 2000, 2005 and 2010 are therefore predicted to
be 408, 377 and 362, repectively.

6.3 Nitrousoxides N:O

Danishinitidtives to subgantiadly reducethe use of in particular commerad fertiliser
before 2000 are expected to Sgnificantly reduce N.O emissons from the agriculturd
sector from an esimated 30 Gg in 1995 to around 26 Gg per year from 2000
owads




N,O 1990 2000 2005 2010
Total National Emission in Gg 34 28 28 28
1 All Energy (Fuel Combustion + Fugitive) 2 3 3 3
A Fuel Combustion 2 3 3 3
1 Energy Industries 1 1 1 1
2 Manufacturing Industries and Construction 0 0 0 0
3 Transport (Domestic) 0 1 1 1
4 Commercial/lnstitutional, Residential, Agri./Forestry/Fishing 0 0 0 0
5 Other

B Fugitive Emissions from Fuels 0 0 0 0

1 Solid Fuels
2 Oil and Natural Gas 0 0 0 0
4 Agriculture 32 26 26 26
D Agricultural Soils 32 26 26 26
International bunkers?! in Gg 0 0 1 1
A Aviation Bunkers 0 0 0 0
B Marine Bunkers 0 0 0 1

calculation methods.

Note 1: Not included in the national totals.

General note: Numbers in colums may not add up to the total due to rounding and may diverge from table 4.4 due to the use of different

Table 6.4. Projected N,O emissions from Danmark over the period

2000 — 10 conpared to the emissonsin 1990.

Tota Danish NO emissons 2000— 10 are predicted to be 28 Gg.

64 Othe emissons

The projections aiso indudes NO,, CO, NMVOC and SO - emissions

InTable 6.5 the nationd totas of these projections are shown.

The projections are basad on the Danish action plans and indude the fullfilment of
the Danish commitments under the Convention on Long-Range Trandboundary Air

Pollution.

1990 2000 2005 2010 2020 2030
NO, 276 234 229 216 14 157
CO 763 617 528 445 398 350
NMVOC 176 143 127 115 109 105
O 181 89 87 86 61 24

Table 6.5. Projections of Danish NO,, CO, NMVOC and S0, - emissons 2000 —

30in Gg compared to the emissonsin 1990.

Note: Numbers in colums may diverge fromtable 4.5, 4.6, 4.7 and 4.8 due to the use

of different calculation methods.




7 Expected impacts of dimate change and
vulnerability assessment.

7.1  Climatechangein Denmark

Climate moddsand Thefuture dimaeis projected using dimate modds Globd dimate moddsare

dimate scenarios meathematica eguations based on physcd laws and empirica rdationships
describing the dimate system. State-of-the-art dimate modds are very complex,
and running the mode s requiires cong derable computer resources.

Confidence in dimeate modds has increased in recant years The best moddsare
now ableto Smulate the most important festures of the present dimate, induding
seasond and large-scde geographica variaions. Modd resolution islimited by
the available computer resources, however, and it is presently not possible with
globd moddsto describe regiond details with sufficent accuracy. Methodsto
“interpret” globa modd results regiondly have therefore been developed and
used to egablish dimate scenarios for Denmark basad on recent globd modd

experiments.
The* busnessas usual” According to the latest findings of the IPCC, the globa mean surface temperature
scenario isprojected to increase by 2 °C by 2100, and sealevd will rise 50 cmusing the

“businessas usud” emission scenario (1S924). For Denmark the annud mean
temperatureis projected to increase by dmogt 2 °C by 2050. Precipitation will
increase in winter and decrease in summer. A sealevd riseof 9—18 cmiis
projected, with the largest rise in the southern part of the country.

By the end of next century the annua mean temperature in Denmark is projected
to be 2.8 °C warmer than today. In contragt to earlier estimates, the annuad meen
precipitation is projected to decrease dightly. Sealevd is projected to rise 33— 46
am.

Unplessant surprises such as weekening of the Gulf Stream have not been taken
into acoount.

711 Impactsand posshilitiesof adaptation in Denmark

Denmerk and the World Different areas of the World will be differently affected by possble dimete
changes Evduation of the globd impeact mugt therefore necessarily be basad on
individud investigations. Pardld to, and to some extent asabagsfor
internationd activities, individua countries therefore carry out nationd
invedtigations.

Such an investigation has recently been carried out in Denmark based on the
above mentioned dimete change scenarios

Denmark only accounts for about 1/2000 of the World populaion and covers even
less of the globd land surface. Climatic impactsin Denmark aretherefore
inggnificant in economic evauations of the seriousness of thetotal globd impact,
and in discussions of which degree of intervention isjustified. On the other hand,
it isimperative to know as much as possible about impectsin Denmark when
planning a policy for adgptation to unavoidable impacts. Such information can
a0 be usful in evduationsfor other countries

Hurman health and well- The predicted dimate changes will by and large mean thet the dimate of
being Denmark will become like the present dimate of southern England. In itsdlf this
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isunlikdly to pose any hedth problems A cartain risk of diseasestrandferable by
insects (mdaria) cannat be exduded, and there may beinfectionsasa
consaguence of increased touriam and immigration. The generdly high degree of
hygiene in Denmark combined with an expected deve opment of vaccneswill
probably render this problem inggnificart.

Inthe energy, indudtry and trangport sectorsit will be possbleto adjus to
changing dimate as part of norma maintenance and renewa. Moreover, in
Denmark these sectors will mainly benefit from amilder dimate

Temperature changes per 2 are not usudly decisve, but must be condgdered in
connection with changesin precipitation —not only the total amount —but o
the time pattern. Here soil properties and the possihilities of runoff play a
sgnificant role. Since the new scenarios for Denmark —in contragt to the
previous scenarios—imply adight reduction in precipitation, problems cannot be
exduded.

In acase gudy, anincrease in evaporation of 7% up to year 2100 has been cdou-
lated. With asmultaneous reduction in precipitation this resultsin areduction in
runoff of 40%. The largest effect gppears during the summer and will presumably
result in amuch bigger need for irrigation. During winter and pring, when the
temperature and precipitation increase, the soil water depogtswill be saturated,;
thiswill result in increased evgporation and surface run-off; thereby reducing
tota formation of groundwater. Runoff from more sandy soilswill be dominated
by surface runoff and variation in the water flow will increese.

The expected dimeate changes may leed to arisein potentid yidd in Danish
agriculture Thiswill be largest in vegetative crops and unchanged or dightly
reduced for mogt cerid and seed crops. In combinetion with the fertilisation effect
of theincreasing carbon dioxide leves, thismay lead to an increase in potentid
yidd of 5—20% by the middle of the next century. Smultaneoudy, however,
there may beincreasng problems with attempts to reduce nitrogen leaching and
the use of pedticides

Contrary to agriculture, forestry is characterised by very long production times
with arotation age for our trees of between 50 and 180 years. The trees currently
being planted in Denmark, thus need to be suited for the dimate & the end of
next century. Moreover, thereisarisk of increased attack from pests, which will
thrivein amilder dimate. With the uncertaintiesinherent in the climate
scenaios, the best drategy isto increase the generd adaptabiility of the forests—
both by choice of tree spedies and by trestment of the sand. Norway oruce,
which isthe most common tree in Denmark, dreedy appears to be threatened by
mild winters. It istherefore important to convert the large Norway spruce
plantations in Jutland to more stable mixtures with alarge fraction of deciduous
treesinduding oak and beach.

Denmark ismodly a cultivated landscape, with extengve management of the
terregtrid vegetation. Thismeansthet in Denmark, changesin vegetationin the
agriculturd part of the landscgpe as a conseguence of human impact on dimate
will presumably be minimdl. Cultivated forests however, may suffer from short-
term anthropogenic climate changes. Natural ecosystems such as coadd hegths,
bogs mires and naturd forests may be srongly affected by dimeate change
Conssquently, Denmark hasto alarge extent both the knowledge and the
technology required to meet negative impects. It should, however, be taken into
acocount thet large condtructions such as motor way's and urban areas can hamper
naturd adjustment.

Larger uncertainty liesin the future dimatic development. Often it isnot the
average temperature or precipitation that determine the digtribution of apecies,
but rather extremes such as unusudly humid or mild winters, or very dry
ummers. Since the extremes can change in both directions for the different
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dimatic factors, they may affect gpecies with completdy different demands. There
istherefore arisk of reduction in the variability of our floraand fauna, but which
pecieswill suffer cannot be predicted.

The expected dimatic changes can result in strongly impaired living conditions
for amdl animds and fish in watercourses. Because of the lower flow inthe
watercourses, they will generdly be more vulnerable to impacts from releases of
sawage effluent and land redlamation in the catchment area. The deterioration of
water qudity will be mogt pronounced in amdl watercourses, where frequent
summer desiccation will dominate, espedidly on theidand part of Denmark.

Watercourse velodity and regeration will be reduced and as a consaquence, the
mecroinvertebrates will become impoverished with fewer and more spedidised
species Theliving conditions for sdmon and trout will generaly be impaired due
to reduced spawning and growth conditions, reduced physicd space and reduced
foodstuf availability. An expected generd reduction in diffuse nutrient lossto
freshwater will counteract the negative effects of the temperaure rise on the
environment in lakes. Important countermessuresin freshwater ecosysems are:
Reduction of loading by nutrients, organic compounds and other xenobiatic
compounds, more efficient water resource housskegping; and retoration of
watercoursss river valeysand lakes

While changes in the aimospheric concentrations of greenhouse gases can give
dimatic changes, dimate changes can in turn influence natural sources of
greenhouse gases and thus create a positive or negetive feedback.. It has not
hitherto been possible to determine the magnitude or even the direction of such
effectsin Denmark. It is known, though, that the formation of nitrous oxide is
directly rlated to the use of fertiliser in agriculture.

Sncetheend of thelast ice age about 10,000 years ago, the Danish coadlline hes
changed markedly as a conseguence of rdative land sttlements and devations as
well asthe condant eroson by the sea. A globd sealeve risewill incresse the
problems aong the Danish coadts

An assumed sealevd rise of 50 cm by the year 2100 (i.e. in the upper end of whet
can be expected) will result in coastd retrest over and about thet dready taking
place. However, it will be possble to counteract this by coagt nourishment, where
sand is recovered from degp aress of the the sea floor and dredged onto the shore.
The process must be repested & regular intervals, however, and will therefore
condtitute an economic load. The sifety leve for the existing dyke and gorm
flood protection will be reduced, but the sealeve risewill be so dow thet there
will be ampletimeto adjust the congructions to the changed conditions.
Moreover, there has been atendency to abandon old dykes protecting margind
aress. In coadd ditiesthe effectiveness of drainage sysemswill be reduced.
Necessary extengve renovation of worn-out parts of the sewage sysem mud take
into account the sealeve rise

72  Climatechangein Greanland

The overd| assumption of the mogt recent IPCC dimate change report (Houghton et
al. 1996) isthat the on-going increase in amaospheric CO; leads to amospheric
warming, most dradtic & high latitudes. Arctic and sub-Arctic regions are predicted
to experience greater warming than the globd average, dthough Greenland may be
an exception asaresult of changesin thermohaine dirculation in the North Atlantic
seaand its generdly more maritime dimeate than other High Arctic regions.
Satementsin the present Chapter are further discussad in Helde-Jaegnsen &
Johnsen (1997).
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Climate change in Greenland is prediicted to cause an increase in the mean yearly
temperature of between 1.8 —3.6°C by the end of the next century. The greatest
increaseis expected a mid- and high latitudesin West Greenland. Theincrease will
primarily be an increase in winter temperatures. A dight diminution of the north-
south temperature gradient is expected. The predicted maximum increase in July

temperatureis about +2°C for lulissat (Jakobshavn). The frequency of extreme low
temperaturesis expected to decrease. Warm extremes may occur more frequently
both winter and summer.

Theice cap will respond to warming through increased mdt rates at the marginsand
accumulation ratesin the interior. Mdt rateswill probably dominate. However,
precipitation and met rate predictions are not as reliable as temperature predictions.

Precipitation is predicted to increase by 2 — 24 mm per month, with most of the
increase in the summer on the south and west coadt but in thewinter or dl year
round on the east coast and & high latitudes Half the change will occur within the
next 40 —50 years. Other conseguences of dimate change indude: lengthening of the
show-free season by amonth or more, adight increase in the length of the growing
Season by 1 —2 weeks adegpening of the soil active layer, and ashorter northward
movement of the permafrogt boundary.

Thereis congderable uncertainty regarding predictions for Southern Greenland,
which has experienced acooling of 1—1.6°C in the past 60 years. Ocean moddls
predict acold centre SW of Greenland. The cooling effect around this centre will
counteract and may even neutrdise greenhouse warming in SEGreenland. This
codling may be rdated to the 80% reduction in degp water formation olbsarved inthe
Greenland Seaduring the 1980s Hence, lesswarm Atlantic water is sreaming north.
The maximum temperature increase in South Greenland may therefore represent a
return to the mean summer temperatures of 60 years ago, and the possbility of a
temperature fal mugt be consgdered.

Depletion of the gratospheric ozone layer will continuein thefirgt half of the next
century, causing increased UV-B radiation, particularly towards the north, wherethe
effect isincreasad by snow and ice dbedo.

At s2q, adecrease in the north-south gradient of sea surface temperatures is expected.
Changesin sealeved are dill undear, but in Greenland aworldwide increasein sea

leve will mogt likdly be counterbaanced by aland raise Reductionsin seaice thick-
ness, surface areaand duration are a0 expected.

721 Ecdogical implications

Long-term prediictions of Arctic plant performance reguire aknowledge of the

naturd variation and dynamicsin Greenland ecosysems, aswdl asanct yet
available undergtanding of feedback mechaniams on dement cyding, microdimete,
etc. Near-future changes (10 — 20 years) are expected to be modest, particularly inthe
south, but later the fallowing changes may occur leading to warming:

722 Changesin patternsof terresrial ecosygems

Initid changes & the population leve in exiging communities and ecosysems are
expected to be fallowed by mgor changesin community structure, resulting in new
types of dominant ecosystems. Disintegration of plant communitiesin the Arctic will
a0 result in dradtic changes for anima population.

Lichens and masses may become less frequent in heeth and wetland ecosysems, and
dwarf shrub and shrub vegetation may be favoured a the expense of grassesand
herbs Consequently, graminoid-dominated wetland may become restricted, causng a
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dedlinein plant pecies diversity and the abundance of grazing animads and their
predators. Certain dwarf shrubs possess chemicd defence againg herbivores.

Evergreen perennid plants may respond dowly or not a dl with increased biomass
and suffer acompstitive disadvantage in communities with aggressve deciduous
pecies, such asdwarf birch.

Asthe summer-winter temperature difference tends to decrease, coagtd heath types,
dominated by crowbery may expand in coadtd regions.

Increasad length of the growing season will cause present distribution boundaries for
anumber of plant species and vegetation types to move northward and to higher
dtitudes. A direct result of such amigration could be competitive exdusion of
northern pecies by southern pecies Animaswill experience extended feeding arees
and season in more productive high laitudes

Assad plants play aminor rolein the High Ardtic, lichens and mosses are expected
to be thefirg to benefit from higher temperatures due to the existence of adormant
propagule bank. More dramatic changes are expected where colonizable bare ground
exigs, unlesswater supply isalimiting factor.

Arctic deserts, semi-desarts, and felfields may be colonised by invading plantsand
animals, improving living conditions for man. Fegt invasion of both barren and
occupied areas may occur from exiding, milder microhebitats. Species from outside
such protected habitats are expected to immigrate much more dowly.

Dueto grong physcd barriers, it isunlikdy that Arctic plants can migrate fagt
enough to kesp up with the gpeed of dimate change. Eventudly, however,
immigration may lead to incressed pedies diversty (decades, centuries).

If south Greenland becomes warmer there may be a potentid for smal scae forestry
and farming with highland cattle as the tree-line moves north and the risk of frogt
damage decreases. The northward migration of forest may be very dow, dower then
in mogt other Ardtic aress, because only afew copses exit in the southernmodt, sub-
Ardtic Greenland. Migration rates for alder and birch are about 130 — 1000 m per
year.

A lossof spedies and biodiversty is predicted for the first many decades. Extreme
changesin soil moisture and pecies competition may be direct causes the laiter
influenced by nutrient availability, temperature, CO,, and UV-B.

Only afew High Arctic plants are in danger of being extermineted asadirect
conssquence of temperature increase. Ranunculus sabingl, which is currently limited
to the narrow outer coagtd zone of north Greenland, has nowhere to mitigete to avoid
awarmer and drier dimate. For individua species, plant or animd, temperature
responses will be greatest dlosest to thair dimetic didributiond limit.

Foss| evidence from the rdaively warm Pl@stocene shows, firg, thet High Arctic
lowland fens can be restored from openingsin borea forest. Second, the occurrence
of arctic gpediesin Plestocene remainsindicates thet dthough the tredine and
foresttundrawill move northward as warming proosads, High Arctic ecosystems will
not disappear from high latitudes with short growing seasons. In undisturbed fens,
establishment of new plantsis extremdy dow.

Lichensand some arctic masses and higher plants are sendtive to UV-B rediaion.
Thelong-term changes, given an incressing UV-B irradiance trend in the Arctic,
may be areduction in cover and frequency. Interactions between increased CO, and
UV-B radiation may reduce the nutritiond vaue of plantsto herbivores Dataare
lacking on UV-B asathredt to skin, vison and immune sysems



Herbivores, birds and inscts

Permafrogt met, drainage and
soil drying

Increasad No-fixation

GO, and CH, rdease

Arctic animas depend on sable winter dimate with unbroken frogt. Increesing snow
depth and changed species composition of plant communitiesin the north may result
in mass mortdity of musk-ox and caribou. Rising winter temperatures could dso be
harmful to large herbivores, Arctic hares, and amdl rodents, such aslemmings
living beneeth the snow cover. Repeated freezing and thawing resultsin ice-crust
formation, making it difficult to reech vegetation in winter. Herbivores may therefore
experience periods of severe darvation. A decrease in herbivore populations will
afect predators (fox and wolf) aswel.

Increasad snow cover, ice-crugt formation and a prolonged thawing period will have
agredt impect on migratory birds, depending on the avallahility of insects or plants

when they arrivein soring. If these food sources are not availablein time, the birds

will garve.

Thesze of insect populaions are controlled by temperature. The expected risein
winter temperature, therefore, may increase egg surviva. Aphid populaions, for
example, may incresse srongly condderably.

Four of Greenland'sfive butterfly species are confined to the High Arctic or become
more rare towards the south. They are expected to move north when warming occurs.
Bestles depend on higher temperatures and may benefit from awarming and extend
their range. Since insects are very sengttive to temperature changes, they could be
useful asindicators of such changes.

723 Changein processesof terredrial ecosysems

A marked impact on vegetation is expected from permafrogt mdt, resulting in
waterlogging or drought, depending on predipitation. As permafrogt mdts, there will
be land subg dence (thermokarst eroson). Thisin turn leeds to the formation of
ponds and lakes The changesin landscape, seaice didribution, lake and river ice
may nat only have sgnificant biologica impects, such as changesin caribou and
polar bear migration routes, but would affect indigenous peoples

Improved drainage may result due to thickening of the unfrozen zone between the
seasond frogt and permafrodt layers Generd drying-out of the soilswill greetly
affect wetland aress.

In aress subject to soil drying, herbivore productivity will be reduced. The aosence of
herbivores favours mosses, which act as an insulaing layer over the soil, presarving
water and dowing decomposition and nutrient cyding.

Where s0ils become wetter, lichens and mosseswill play amoreimportant rolein
ecosysem carbon fixation and contral of water loss from the soil to the atmosphere.
Thelargest effect may be seen where drying accompanies warming, Snce
replacement of maosses by deciduous specieswill resuilt in increased rates of carbon
and nutrient cydling.

N,- fixation rates (primarily by cyanobacteria) are predicted to increase by afactor of
15-2 asaresult of temperature, moisture, and CO, changes. Thiswill leedtoa25
—50% increase in nitrogen input to arctic ecosysems, thus affecting the abundant N-
defident ecosysemsin Greenland.

Increasad nutrient availability, combined with higher temperatures, may resultina
shift towards an ecosystern composition and structure having higher annua nutrient
requirements litter quality and tissue turnover rates.

Asthe area of Greenland wetland soilsis smdl rdative to the areaof globd tundra
s0ils, it isbdieved that enhanced rdesse of CO, and CH, from increesing peet



decompogtion will have ardatively modest impact on globd dimete Itisundear
whether enhanced net primary production will offset increased decompogition rates,
and thus whether the Arctic will continue to serve asa carbon Snk.

Mineralization and nutrient Decomposition and soil minerdization rates are expected to increase due to higher

availahility fluxes of oxygen to the soil organic metter, higher soil temperatures and higher
nitrogen fixation rates. Thiswill improve conditions for plant growth and ol
nutrient minerdization.

High Arctic ecosysems are presently more limited by temperature than by nutrient
avallahility, while the oppodite characterises Low Arctic ecosysems Low Ardtic
plants show agreater regponse to nutritiona increases than High Arctic plants,
wheress plant response to temperature devation is grestest in the High Arctic,
dimulating development, reproduction and seed germingtion.

Ardtic vegetation is generdly nutrient-limited, and dmogt dl the nitrogen and
phosphorousin the soil-vegetation sysem is bound in plants and soil
microorganiams. Nutrients rleased by increasad decomposition and minerdization
would not necessarily be avaladleto plants, Sncethey arerather efficiently
immobilisad by il microorganiams. It is uncartain, whether shrubs having
mycorrhizamay drcumvent microbid nutrient immobilisation.

Plant productivity in polar In polar desarts, herb barrens, and heathsin northern Greenland, plant productivity

desrts and long-term diifferentiation of vegetation types are drongly corrdated with
increasesin precipitation. In such areas, reduced moisture may lead to grester
mortality, decreased seed germination and seedling survival.

Food quality of plants If CO-fixation increases without amatching increase in nutrient upteke, the qudity
of plant tissue as afood resourceis likely to decrease, dueto agregter C/N ratio. This
may reduce the growth and abundance of invertebrates and retard decomposition
ratesin soil microorganiams, both of which areinvolved in litter breskdown. It may
dsp affect herbivory, as herbivores would have to increase consumption in order to
compensate for poor food quality and avoid manutrition.

724 Marineecosydems

Changes dueto fresh water Theinflux of freshwater from mdting ice and river runoff may causeashiftin the
input and to UV-B gructure of biologicd communitiesin the upper ocean layers (eg. cocoalithophorids
to diatoms).

Increased UV-B radiation may induce a change in species compasition of bath
zooplankton and phytoplankton towards dominance of toxic gpedies and goedes of
low food vaue This could cause mgor changesin food chains. Increased nitrogen
demand may reduce productivity. Inhibition of photosynthess might occur in some
pecies, while bacteriamay be simulated because of an increase in substance

avallability.
Sea surface temperature and A risein sea surface temperatures & high latitudes will result in alonger growing
productivity season and higher productivity. It may adso result in the extinction of some pecies
while others might proliferate. In southern waters, temperature may not rise and the
return of the cod may fal.
Polynyas Reduced supply of rdaivey warm Atlantic water to upwelling Steswill cause

decreased ice-edge primary production, agenerd nutrient loss, and adecreasein
bioproductivity. A potentid risk isthet the polynyas of north Greenland may freeze,
resulting in dradtic changes for marine life induding ssamammas and birds
overwintering there.

Polar bearsand ringed sedls



Other marine mammels

Climaete scenario

Thes:a

Reduced species diversty

Reduced seaice will improve access by shipsto harbours dl over Greenland, but will
cause problems for polar bears and sedls. The polar bear migrates dl over Greenland,
but resdent populations occur primarily in NW and NE Greenland. The breeding
aress have gable winter dimates, permanent snow cover, ice-covered inlets and drift
ice, with abundant ringed seels which depend on seaice for breeding, resting, and as
diving pletforms,

It isexpected that the southern limit for resident polar bear populations will move
northward Since adecrease or periodic disgppearance of sealice will reduce the
abundance of the ringed sedl. During a prolonged ice-free period, polar beerswould
havelesstime to build up fat reserves. Thismay result in dedining body condition,
thereby lowering surviva rate through the ice-free period, reducing reproductive
rates and reducing cub survivd.

Morerainin late winter and early soring is ancther threet to both polar bearsand
ringed seds Therain may cause sed birth lairs and maternity densof polar bearsto
collgpse The dens are Stuated so desp in the snow that the weight of the snow above
may crush femaes and cubs. Collapse of sed birth lairsin the upper snow layers can
causeincressed exposure of pupsto predation by polar bears and Arctic foxes Thaw
and mdt eventsin amilder winter may aso damage the densand birth lairs.

Other mammals which are more dependent on open water and lesswel adgpted to
the extreme arctic dimate than the ringed sed may benefit from a prolonged ice-free
period aslong asther food chains areintact. Such animas are the warus, harbour
sed, harp sed and bearded sed. However, some of the sedls may be forced to seek
areasfor breeding and shedding hairs further north. Fewer incidents of ice
entrgoment of whaes are expected.

The danger of sedl plagues and other dissases may increase. High temperatures
combined with large dengties of sedls may be responsible for the sedl plagues causd
by viruses ealier this century.

7.3  Climatechangein the Faroeldands

The North Atlantic region, indluding south Greenland and the Faroe Idands is
expected to wam less or a adower rate than sawherein the northern hemisphere.
All amaspheric drculation modes seem to agree that the North Atlantic region,
induding the Faroe Idands, will experience the dowest rate of temperature increese.
Adding the cooling effect of the reduced North Atlantic Current, it isunlikely thet
the annua mean air temperature incresse will exceed 1 —2°C within the next
century. Therisein winter temperature may betwice therise in summer temperature.
Therisk of frogt in the high mountains may be reduced. Anincreasein yearly
precipitation is expected to be less than 4%. Gae frequencies are expected to
increase,

Sea surface temperature may drop due to reduced thermohdine dirculation. The sea
levd may risea asmilar rate of 5 cm per decade as predicted for the British Ides
and is nat expected to be compensated for by aland rise. Edimates of sealevd rise
vay from two to five timesthe rate of 10— 25 cm observed over the pagt century.

731 Ecdogical implications

Only minor changesin terrestria ecosysems are expected. Theisolation of the Faroe
Idandsin the Atlantic Ocean may have the conseguence thet dimate-induced
changesin plant and animd life will be unbalanced. Thus, therate of possble
peciesloss from terredtrid ecosystems may not be counterbalanced by asmilar
immigration rate, resulting in reduced species diversity.



Unpredictable changesin
merine ecosysems

The grestest changes are expected a seq, dthough the uncertainty isdso the greatest
here aslong asthe fate of the North Atlantic Current has not been darified. Warmer
degp water could result in aredistribution of peagic and benthic communities.

Impacts on plankton will be smilar to thase mentioned for Greenland. Fish Species
that settle in shdlow watersin the early soring such asflatfish, lumpfish, and species
with pdagic drifting eggs and larvae will have ahigh risk of UV-B induced damages.

Effects on marine mammals and sesbirds are expected mainly to concern Spatiad
shiftsin aress of food production and primary productivity (chengesin upweling
sghts), nesting and rearing Stes, and increases in diseases and oceanic biotoxin
production (both from temperature increase and current changes).

The regppearance of the cod seems highly dependent on what happensto sea
currents. That there have been 3 —4 times as many sormsas normd in recent years
has contributed to the disgppearance of the cod by blowing the fry towards waterstoo
cold for thelr survival. A reduction in water arriving from the south will worsen the
present lack of the fry's favourite food.



8 Adaptation measures

Even the mogt optimidic emisson scenariosimply some future human impact onthe
gobd dimae Asits goparent from Chapter 7, however, the direct efects of dimate
change in Denmark will be modest and in some caseswill provide apotentid
advantage. No adgptative messures have yet been taken, but the possibilitieshave
been invedtigated and have been discussed in nationd reports (Fenger & Torp 1992,
Fenge et d. 1996 and rferencestherain).

In the agriculturd ssctor achange in cropsinduding aswitch to morewinter wheet
may be advantageous. This can be accomplished a rdaivey short natice. In
foregtry, the mogt common tree, the Norway Soruce, isdreedy threstened by mild
winters and should be subdtituted with more gable mixturesinduding osk and
beach.

A temperdure risein combination with asmdl reduction in precipitation will require
more effident water resource housskegping and restoration of fresdhwater sygems

A saalevd rise of the order of 50 am will augment present coedtd retredt, but can be
counteracted by coadt nourishment. Problems with regard to dykes can be solved in
the course of generd maintenance. Neocessary renovaion of the saverage sysem
mud teke apossble sealevd riseinto accourt.

Note thet these congderaion do nat take into account “surprises changesinthe
globd greanhous’, for example achangein the Gulf Streem.



Devdopment assigtance
(DANIDA)

9 Hnanad assgtance and technol ogy
trander

91 Finanda resourcesand trander of technology and know-how

Asaconsequence of the increasingly globa nature of environmenta problems,
Denmark hasintengfied action a the internationd leve in recent yearsin order to
meet globa chdlenges

At theregiond levd, the EU is the most important forum addressing globa
environmentd issues. One of the overdl objectives of the Maedtricht Tredty isto
promote sugtaineble and nortinflationary growth while according due consderaion
to the environment. To complement cooperation in the environmentd fidd within
the EU aninternationd dimenson has been added to fadilitate active involvement by
the Union in addressing and solving the environmenta problems

At the Nordic levd, cooperation has been long standing based on shared objectives
and visons. The Nordic countries are actively involved in solving regiond and
globa environmentd problems.

Thedimate problem isto be seen in the context of abroader globd chdlenge. The
populations use of the earth's Store of naturd resourcesis il increesng. Curbing
these trends will require acoordinated internationd Strategy.

The awareness of thisgloba chdlenge and the transboundary nature of the
environment problems were reflected in the Danish Government's 1988 Plan of
Action for Environment and Deve opment in Denmarks deve opment assstance Asa
conssquence, anumber of environmental sector Srategies have been deve oped
covering fisheries, energy, agriculture, forestry, agroforestry, water, hedth and in-
dugtry.

The United Nationstarget of 0.7% of GNP in Oversess Devdopment Aid (ODA) hes
long been fulfilled by Denmark and the Danish Government has maintained ODA &
1% of GNP snce 1992.

Efforts to incorporate environmenta objectivesinto the development assstance
adminigered by DANIDA —the Danish Internaiond Development Assstance—
were further strengthened during preparation for and follow-up on the 1992 United
Netions Conference on Environment and Development in Rio de Janeiro (UNCED).
Guiddines have been issued for environmental impact assessment of projectsin dl
sectors. Following a parliamentary resolution in 1992, the Danish Environment and
Dissdter Relief Fadility (EDRF) was established as an additiond budgetary dlocation
to supplement Danish development assstance. Thisdlocation will incresse gradudly
t0 0.5% of GNP by 2002. Hdf of the EDRF is dlocated evenly between
environmenta assstance to Centrd and to Eagtern Europe and deve oping countries,
the assgance to the latter baing administered jointly by DANIDA and DANCED —
the Danish Cooperation for Environment and Devel opmentt.

Denmark's environment-rd ated ass stance efforts are expressed primarily by the
incorporation of environmenta concerns as one of the crossoutting themes of Danish
bilaterd assstance on par with Women in Development and Human Rightsand
Democratisation. In addition, aDKK 135 million (USD 24.1 million) multilateral
budgetary dlocation is devated to globd environmentd activities. UNEP and GEF
aremgor recipients. Other recipients indude a considerable number of innovetive
and catdytic pilot activities, alarge number of which focus on implementing



mesaures dedling with the Climate Change Converttion, the Convention on
Biodiversty and the recent UN Convention to Combat Desartification.

Apart from those programmes and projectsin bilaterd development asssancein
which the prime objective is the environment, it is difficult to quantify the resources
devoted to environmentd protection and environmentdly sugtainable development. A
broad assessment indicates thet 15— 20% of totd bilaterd devel opment assistance
amsat important environmenta objectivesin the areas of 1) sugtainable mana:
gement of naturad resources, 2) containment of water, ar and soil pollution, and 3)
udainable energy use. Environmentd strategies have been prepared for Sx thematic
sectors and five main redipient countries.

Totd bilaterd devdopment ad in the years 1994, 1995 and 1996 issummarized in
Table9.1.

Contributions
(million USD)
194 1995 1996
Bilaterd 8026 8%4.6 1,061
devd opment aid

Table9.1. Total danish bilateral development Aid.

Environment-related devel opment activities in developing countries supported by
Denmark indlude sugtainable utilisation of land and naturd resources and the
protection of water catchment areas. Other measures cover the development of
environmenta expertise and adminigrative capacity, reducing ar and weter
pallution, forest management, renewable energy, and making energy production and
wadte treetment more efficient. In conjunction with aid to the private sector, support
has been offered for the trandfer of rdevant environmentd technology to smdll

companies.
Denmarkstotd contributionsto multilateral ingtitutionsin the years 1994, 1995 and

1996 are ummaized in the Table 9.2. The amounts quoted indude “new and
additiond” financid contributions asit is not possible to separate these contributions



BEDR-
Environmental assstance
(DANCED and DANIDA)

Contributions
(million USD)
194 1995 1996

Globd Environment Fadlity 91 91 91
Warld Bank 837 912 95
Internationa Finance 29 25 22
Corparation
European Bank for
Reoongtruction and Development 450 308 232
African Devdopment Bark,
Adan Devdopment Bark,
Inter-American Deve opment 311 198 26.6
Bank
United Nations Devd opment 9.8 9.8 104.2
Programme
United Nations Environment 19 22 22
Programme

Table9.2. Financial contributionsto the operating entity or entities of the financial
mechanism, regional and other multilateral inditutions and progranmes

In addition to the contributions shown in Table 9.2 DANIDA has provided financid
upport for issues rdated to Climate Change as shown in Table 9.3.

Aswith Table9.2, it isnot posshle to sngle out “new and additiond financia
contributions’ and these are therefore included in the amounts shown.

DANCED was egablished under the Minidry of Environment and Energy in 1994 to
provide Danish environmenta assstance to middle income deve oping countries
funded under the EDRF. Thisassstance is provided in cooperation with DANIDA’s
EDRFfunded environmenta assstanceto leest developed countries, and is directed
towards two regions Southeast Adaand Southern Africa The overall objective of
Danish environmenta assstance isto contribute to restoring the globa environment
in accordance with the recommendations of the 1992 UNCED conference in Rio de
Jandiro. Initigtives are directed towards

Promation of environmentally sustainable utilisation of natural resources
Prevention and limitation of ar, water and soil pollution
Promotion of sugainable energy.

DANCED initiated ectivitiesin Thalland and Mdaydain 1994. In 1995, ativities
were extended to the Republic of South Africaand Namibia, and in 1996 to
Botswana, Swaziland and Lesotho.




Contributions
(million USD)

194 1995 1996

Climate Change Secretariat, 008 012 005
Voluntary Fund for Paticipation

Climate Change Secretariat, 020
Country Activities, Information
Exchange Sydem

Climate Change Secretariat, 0.66
Communication and Review Project

UNEP, Country Case Sudy 097

IPCC 0.20 0.25

UNEP Collaborating Centre on 0.77 160
Energy and Environment, (UCCEE)

UCCEE, Gremnhouse Gas Mitigation 031 034
for Peru

UCCEE Regiond Gas Mitigation in 012 048
SADC

UNEP Regiond Officefor Latin 004
Americaand the Caribbean: Open
Forum on New Patnershipsto
Reduce the Building of GHGs

Warld Bank, Study of the Reneweble 035
Energy Componernt of the Vietnam
Rurd Eledtrification Magter Plan

Contribution to various NGOs 0.17 0.18 050
(dimate change)

Table 9.3. Danish financial contributions to the Framework Convention on Climate
Change Process

DANIDA darted its EDRFattivities in the above mentioned two regionsin 1996.

Inrelaion to theissue of dimate change, EDRF projectsindude two important
activities

Carbon sequedtration through reforestation of depleted lands
Reduction of CO, emissonsthrough promoation of energy conservation and
renewable energy

Protection and rehaiilitation of forests has been apriority issue for DANCED snce
the gart of the programme. In Maaysia, support is provided on sustainable
management of peat svamp forests and mangroves, and in Thailand, anumber of
projects address the issue of sodid forestry and the interaction between people and
forests In Namibia, DANCED is providing support to rehabilitate the wood land in
Owampoland. Specid efforts are directed towards public participation and awvareness
rasing.

Sudtanable energy was only induded as a separate issue in the EDRF palicy in 1996.
Accordingly, many activities are still under preparation. Energy consarvation projects
have been implemented in Thaland as afollow-up of the new Energy Conservation
Act. Energy consarvation isaso integrated into severd deaner technology projectsin
both Thalland and Maaysa. Activities rdated to energy consarvation in the housng
sector are under preparation in South Africa. Renewable energy projects are under
preparation in Thailand, South Africa, Lesotho and Swaziland. Support has dso been
provided to strengthen energy adminigrations and to awvareness raising through
NGOs addressing energy issues



Capadity building and
training.

Cooperation with small idand
developing dates

The Danish Ervironmental
upport Fund

Mitigation
Recipient country Energy Forest
1. Thailand 2.303 1.818
2. Thailand 1.212 2.727
3. Thailand 2.894 1121
4. Thailand 1.894 2.894
5. Malaysia 2.015 2.015
6. Malaysia 0.879 1.258
7. Malaysia 1.091
8. South Africa 0.939 1.591
9. South Africa 0.758 1.530
10. South Africa 1.636

Table 9.4. Bilateral EDRF contributionsin 1997 related to implementation of the
Rio-Convention, USD(million).

In addition to the DANCED programmes, the Danish Environmenta Protection
Agency has supplied expert asstance and training to foreign environmentd
authorities and organisations snce 1980s. The basc drategy has hitherto beento
build up or extend acentrd environmenta adminitration or Smilar centra gate
organistion to control environmental conditions right from the sart of spedific

development projects.

As such the programmes are not specificaly directed towards Climete Change issues
However, as sugainable devd opment is one of the guiding princdples, inthelong
term the outcome of the programmes will dso have an impact on issuesrdaed to
Climete Change.

Through these programmes Danish environmenta adminigtration, monitoring
sysems and consultancy have been trandferred and adjusted to the culture, traditions
and specid environmental problems of individua countries Thisform of know-how
trander isardaivey long-term process and the direct Danish effort is therefore
supplemented by locd training and education by nationd experts

The Danish EPA’ s export of know-how and expertise hasinduded support for the
reorganisation of nationa environmenta protection agencies (eg. the People's
Republic of China) and support for environmental adminisrations (eg. GazalJericho
and Egypt). These adtivities take place on acommercid bads i.e on acontract bass
with an internationd financing inditution (1F) or as sub-contractor to one or severd

private consultancy companies.

In continuetion of the 1992 Rio Conference, the 1994 Barbados Conference and the
ongoing dimate negatigtions, the Danish Government isin the process of
Srengthening cooperation with small idand developing Sates. Danish NGOs ared 0
involved in this process

The cooperation ams & Srengthening the capacity of rdevant regions with regard to
renewable energy, dimate change issues and information dissemination.

92  Coopeation with Central and Eagern Europe

The Danish Environmenta Support Fund for Eagtern Europe (DESF) wias established
by the Danish Government in April 1991. In 1993, the Fund was incorporated into
the new Danish programme for Globad Support for the Environment and Dissster
Aress which wasinitiated after the Rio Conference held in 1992. The DESF is
adminigtered by the Danish Environmentd Pratection Agency. In terms of
contribution per habitant, the Danish bilateral environmental support to the CEEC is
Sgnificant.

The objectives of the DESF are:



Reauitsin CEEC

Sibstances with the potentiel
of harming the ozone layer

to contribute as much as possible to the protection of nature and the environment
in the CEEC and to limit regiondl aswd| asgloba pollution, induding cross-
border pollution affecting Denmark;

to contribute towards palitical and economic development in an environmentaly
friendly manner, spedifically to support democratic and market-based economic
deve opment in such away thet the environment is protected as much as possble:
and

to promote the trandfer of knowledge about the environment and environmental
protection technology from Denmark to the CEEC to the benfit of both the
CEEC and Denmark.

The Danish environmentd assstance and environmentaly rdated assgance are
primarily targeted & the eastern European countries which are Stuated doseto
Denmark, incdluding Poland, the Bdtic States and the Bltic aress of Russa The
point of departure of the environmenta effortsis Denmark’ sleeding role in the fidds
of environment and energy. The efforts are primarily rdated to the fidds of
environment and energy but are dso rdaed dosdy to mogt of the mgor sectors, for
instance agriculture, indudtry .

Up to and induding 1996, the DESF hes dlocated USD 0.21 hillion of which USD
0.18 hillion has been dlocated to direct environmenta investments or the preparation
hereof. Danish investments are connected to other investments of gpprox. USD 0.71
billion. Thustotd invesmentsin thisfidd are gpprox. USD 0.89 hillion. The mgor
part of these funds originate from the reci pient countries themsdves but internationd
banks have dso contributed to the funds.

A number of pogtive environmentd effects which have dready been achieved or will
be achieved when invesments are made should be mentioned even though these
effects only indirectly and to an uncertain extent affect the dimate

With afuture 135 Gg per year reduction in SO, emissions, asgnificant reduction in
the cross-border air pallution from desul phurization projects a Polish power plants
can be achieved. This reduction correspondsto 90 per cant of the totd Danish yearly
S0, emissons Other examples of important investment fidds related to reduction in
ar pollution are reduction in airborne particles, nitrogen oxides, organic solvents etc.
Theefforts are dosdly linked to the countries: compliance with the Conventtion on
long-range ar pollution (LRTAP 1979) and its protocols.

As regards protecting the ozone layer, condderable efforts have primarily been
targeted & Russa Russa contributes gpprox. 20 per cent to world consumption and
production. A limited effort of USD 1.8 million has succesded in preparing for the
dlocation of aUSD 125 million grant from the Globa Environmenta Fedility
(GEF). Inthisfidd the best known effect has been Danish export of new digtrict
heating pipes which do not harm the ozone layer. These efforts are dosdy linked to
the efforts rdated to energy.

A condderable number of other invesments have been mede in wadte trestment
plants and subgtitution of nuclear sources Inditutional srengthening has been given
priority, too. An exampleisthe bilaterd cooperation rdated to gpproximation to EU
environmentd legidation by the countries.

Danish efforts through the environmentaly rdated sectord programmesin the
energy fidd cover overdl assstanceto energy planning, establishment of
organisations, planning of digtrict heating, investmentsin wood-fired burners, energy
effidency and conservation schemes. These efforts have established the bagsfor an
environmentaly sugtainable energy sector in the Bdltic countries.

Apart from implementing the national Danish Srategy for CO, reduction, Denmark
isimplementing asmilar srategy in Eagtern Europe by granting assstance to
projectstargeted a reducing CO, emissons.



Already implemented projects targeted at reducing CO, emissonsare shown in Table
95.

Project Emission reduction
in Gg CO, per year
Geothermal plantsin Pyrzyce, Poland 68.724
The combined heat and power plant in Decin, Czech Republic 26.650
Utilisation of gas from landfillsin Poland 3.290
Management of coal incineration in Poland 10.710
Low NOx burners for the Dolna Odra plant in Poland 62.730
IWindmills in the Czech Republic 9.900
Total 182.004

Table 9.5. Implemented projectstargeted at reducing CO, emissions
Projects under implementation are shown in Table 9.6.

Project Emission reduction
in Gg CO, per year
IWood-fired plantsin Latvia 8.640
Geothermal plants in Podhale, Poland 350.000
Geothermal plantsin Klaipeda, Lithuania 50.000
Biological gas plant in Poprad, Slovakia 7.000
JAir particulate filters, wood industry, Czech Republic and Slovakia 7.000
Flue gas cleaning projectsin Ukraine 17.700
Straw-fired burnersin Hungary 3.776
Combined heat and power plant in Decin, Czech Republic 26.000
Total 470.116

Table 9.6 Projects under implementation targeted at reducing CO, emissions

Furthermore, a condderable number of projects with asmaller reduction have been
implemented. The accumulated reduction as aresult of the projectsis esimated a
more than 800 Gg CO; per year. Add to this, consderable energy consarvation
originating from projects whose effects have not yet been calculated. The total
Danish assganceis edimated to have leed to areduction in CO,emissons of more

then 1,000 Gg per year.

Presently none of the Danish bilaterd projects participate in the pilot phase for

Adtivities Implemented Jointly of the Climate Change Convention.




Harnonisation of modds
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Global moddsand dinate
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Syiesof dimatedata

Solar activity

10 Research and sysemdtic observation.

101 National activitiesand contributionstointernational dimate
resear ch and devd opment programmes

The Danish Meteordogical Indtitute (DMI) contributes actively to intemationd dimete
ressarch programmes induding the World Climete Ressarch Programme

A man aeawithin dimeate research isthe numericd modds of theamosphere i.e
westher and dimatemodds Efforts are directed towards harmonisation of themoddsfor
westher and dimate cdlaulaionsin order to achieve aunifoom modd for dl problemswith
aview to enhenang the explaitation of new resarch resuits

DMI isengaged in afurther deveopment of its detalled regiond weeather forecest modd
HIRLAM (HIgh Resdlution Limited Area Modd) for weather forecegs for Denmark and
Greenland, aswd| as coupled meteord ogica-oceenogrgphic moddsfor sorm aurges
(neturd dissgter reduction) etc. One of themgjor current resserch adtivitieswithinthe
HIRLAM proett isthe devdopmant of avariationd techniquefor dataassmilation.

Globd dimatemoddling e DM is currently focusad on the preperation of seesond
forecagts and evauation of future dimate variability and dimete change Thework on
glabd dimate moddsindudes gudying theimpect of sdected physicd processssand
dimae vaiahility. Anather agoect of globel moddling isrdated to therde of ozoneasa
dimateges

Animportant dimate moddling task has become the devdlopment and ussge of aregiond
amogpheric dimatemodd based on HIRLAM. Thismodd isused for vaiousregiond
dimatemoddling prgects Themain focusison regiond agpects of anthropogenic dimete
dangeover Scandnavia where averson with 18 km horizontal grid peding isgpplied
asadynamic doanscaing toal to the most recent globdl coupled modd smulationsfrom
the Max Hanck Inditute for Meeoralogy.

DMI hasbeen sHected asafocd paint for amgor Nordic dimeate moddlling research
effort, which ispartly funded by the Nordic Coundll of Minigers The soope of thisproject
isto increese the knowledge on theiinteraction between douds and rediiation.

DMI'sdaboraion of dimeate data saries (temperdure, precipitation, ssalevd, and others)
indudes homogenisation of datasaries The dyjedtives are dimate monitoring and the
Oetection of dimate change etc. Further time series are nesded in order to increese the
underdanding of the dimate sysem and to encble an evauation of the resits of dimate
modds Thework indudes coordination of the Europeen North Atlantic Climetalogica
DaaSet (NACD)” prgect.

Anather mgor areaof concamn isthetrander of enargy from thesun to terredtrid
environmeants and in particular the processes which can be expected to influence weather
and dimae Thetrander of energy to taredtrid environments occursviaasaries of
processesthat cause dhangesin the composition, Sate and dynamics of the Earthis
amogphere, from the upper Sratogphereto the tropogphere: Recant DM investigations
confirm evidence of acorrdation between the temperature of the northern hemisphereand
vaidionsin solar adtivity. Theresultsare important, among ather thingsin connection
with the greenhouse efect, Snce they may hdp increase the underdanding of naturd
dimate vaiaion and hence the possihilities for identifying possble anthropogenic
chenges



1011 Climaterdevant gasesin theatmosphere

Ozoreisagreanhouse gas, and its rdativee contribution to the greenhouse effect is about
(20%). Thetatd cdumn of ozoneis messured daily in Copenhegen aswil asin
Kangarlussuag and RAituffik, Greenland. The height diribution of azoneismessured once
awes in Ittoggortoormiit, Greenland. Thetota column azonetrend isabout -0.6% per
year in Copenhagen and Kangerlussueg, -0.8% per year in Ittoggoormiiit, and -1.0% per
year in Rituffik. Ozone trends and ozones greenhouse effet variy with height, however,
and it ispresently difficult to esimate the effects of azone changeson dimeate

DM’ sedtivitiesin the tropogphere and Sratogphere ind ude azone monitoring and
ressarch. DMI monitorsthe ozonelayer and meeaures ultraviolet rediation in Greenland
and Denmark in collaboration with research inditutes in other European countries and the
USA. DMI dso patidpetesin asaries of intemationd prgjects sudying the azone belance
and azone-depleting processes and in aNordic dimate ressarch prgect called * Ozone asa
dimaeges’. Theamof thelatter prgject isto investigate how longterm changesin
amospheric ozone may dfect the dimeate of the Earth. The prgect consgs of @) ozone
soundingsand andlyss of the haight prafilesin the upper troposphere and lower
draogphere b) andyssof thelarge scale ozone digtribution using stdlite obsarvations, ©)
moddling of ozone digributions and chenges d) cdaulations of changein radidive
fordng in the tropogphere due to changesin azone didribution, and €) Glabd Climete
Modd sudiesof theimpact on dimeate of tropogpheric azone changes

DMI dso adllaborateswith deven other West Europeen ndtiond meteordogicd indtitutes
in the Eurgpean Climate Support Network (ECSN) in promating more effective
collaborationin thefidd of dimate monitoring, reseerch and prediction.

10.1.2 National activitiesand contributionsto inter national measuring and
monitoring sygems

DMI contributesto dimete monitoring within the WM O-coordineted olbsarvation
programmes (World Weather Watch and the World Climete DataProgramime). The
inditute hes d <o been invalved in the planning of aglobd Network for Detection of
Sratogpheric Change (NDSC), and one of the dbsarvatariesin Greanland will be part of
the NDSC.

10.1.3 Datacentresand data banks

Meteordogica detaarefiled in the DMI dimeate data bese. Obsarvaionsfrom severd
Danish dationsare avallable on dectronic mediaback to 1872, while sealevd
obsavaions are available beck to 1890, and sea surface temperatures beck to 1931 About
20,000 obsavations are added daily. At the end of 1996 the databese hdd about 80 million
obsavations

Besdesthe meteordlogicd parametlers messuraments are dso mede of solar radition, sea
levd & 14 gationsin Denmark, and azone soundings and ground basad gpedroscopic
eguipment in Greenland.

The North Atlantic Climatalogicdl Datasst (NACD) was acoprgject between nine
Northwest Europeen meteordogicdl indituteswherein DM hes co-ordinated thewark of
cdllecting monthly dimetic detafrom 9 northwest Europesn countries The datla st was
published in 1996, and will soon befallowed by anather deta s, the WASA data s,
which consgsof pressure dbsarvationsfrom alarge number of dationshaving

records bedk to theend of the previous century. Thisprget isdso
coordineted by DM, and isfunded by the Europeen Commisson.

Regarding the Greenland Ice Core Project, GRIP, reference is mederto the first
netional communication.



102 Thesodo-economic codsof redudng greenhouse gasemissonsin
Denmark

Whilethe cogt of reducing CO, emissonsin the energy sector in Denmark has been
investigated in detall for anumber of yearsthe cogts of reducing the other greenhouse
geses (CH, and N;O) and the possihilities for reducing greenhouse gasesin the other
sectors (i.e. agriculture, trangport, indugtry, domestic waste and forestry) have only
recently been initiated.

The Danish EPA together with RisgNationd Laboratory and the Nationd
Environmental Research Indtitute carried out a project on theseissuesin 1996.

The purpose of the project was

To cdculate the national economic codts rdated to anumber of options for
reducing Danish greenhouse gas emissons (CO,, CH, and N;O) by usng the
same methodology for dl the important sectorsin the economy, i.e. energy,
agriculture, trangport, indugtry, domestic waste and foredtry.

To compare the cog-efficiency of these options not only within the individua
sctors but d o across the sectord boundaries to achieve an overdl view of the
reduction posshilitiesin sodety and the assodiated cods

The main issues addresssd weres
Fnetuning of the basdine

Devedopment of areduction cogt curve for energy. Using the latest Danish energy
action plan Energy 21 as abassthe reduction cost curve for the energy sector was
egablished by decomposing the plan into anumber of mutud exdusive option
categories. The cogt curve was subssquently used as areference for intersectord
comparisons.

I dentification of anumber of options (technologies or policies and measures) thet
sgnificantly reduce greenhouse gas emissions. The options selected within the
sectors, energy, agriculture, trangport and domestic wagte: Theindudtrid sector
and forestry was treated in amore superficid way. The sdected options were
evauated with regard to reduction potential and assodiated cods

Development of apartid cogt curve acrossthe individud sectors Thiswas done
using the cogt curve for the energy sector asadarting point and taking into
account the interdependendies among the sectors, thereby obtaining across:
sectord view of reduction possibilities and assodiated cods

The sudy identifiesarange of “no-regret” and “low-regret” optionsto reduce
greenhouse gas emissonsin different sectors. Implementation of these measures will
meke it possible to subgtantialy reduce greenhouse ges emissons

103 Techndogy research and devdopment

Danish research and deve opment work on reduction technologies for greenhouse
gasesismainly related to the energy sector.



Thetotd cogt of Danish energy research and deve opment amountsto USD 86— 100
million per year. The greater share of thisis used on technologies for increasing
efficdency in energy converson, improving energy efficency in end use, and

deve oping technologies using fud s which produce less greenhouse geses—
particularly technologies usng renewable energy. Areas where Denmark hasasrong
internationa position indude exploitation of wind energy and biomass, energy
efficent utilistion of foss| fuds and combined heet and power technologies.

Examples of subjects covered by Danish research projects are

Improvement of the design badsfor windmills.

Integration of windmillsin the dectricity sysem.

Technologies for combugtion of biomass with high effidency and low
environmentd impact. Specia emphasisis placed on combined heat and power
plants with high dectricity efficiency.

Technologies for energy production based on gesfication of organic waste from
farming, industry and households

Technologies for decreasng methane release from natura gas-fired lean burn
motors

Solid oxide fud cdlswith high efficdencies

High efficdency convertersfor photovoltaic plants.

Superconductors and super conducting cables

CFC-free pipesfor didrict heating sysems.

Low energy windows

Solar walls

Energy efident pumps

Technology for energy-efficent cooling in indudry.

Mog of the projects are carried out in collaboration between indudtry and research
centres— often with srong internationd links



The Danish 92 Group

11 Education, training and public
avareness

Sncethe late 1980s the Danish Minigtry of Environment has supported the growing
interest among the public in dimate change through publications ranging from very
detailed description of the dimate change issue to more generd brochures. Some of
the information are d <o available on dectronic media

Theinterest among the public, journdigts, employees of the centrd and loca
adminigration, and decison mekers has increased seadily and the green NGOsad
industrid NGOs have shown greet interest in Climate Change.

The generd impresson isthet the Danish public is highly interested in the subject
and iswd| oriented due to the generdly high leve of education.

Many Danish munidipdities have implemented their own action plan in accordance
with Agenda 21 and the Confederation of Danish Industries and the Danish Electric
Utilitiesare very active in producing TV spotsand other meterid encouraging the
public to behave sugtainably.

The 1992 United Nations Conference on Environment and Development in Rio de
Janeiro emphasized the nead for the public to be involved in the implementation of
udtainable devel opment. Interpreting this as aneed for public participation and
trangparency, the Danish government has continuoudy offered NGOs setsinthe
Danish ddegetion in the context of inter diathe Framework Convention on Climete

Change.

Danish NGOs dedling with environment and devel opment are organised in anetwork
cdled the 92 Group comprising the 18 mgor organisations dedling with these isues
in Denmark. Origindly established in 1991, the 92 Group is currently the mgor
framework for discussons among organisations and the mogt important link between
the organisations and the government on issues rdated to globa environment and
developmert.

The organistionsin the 92 Group meet once every month to coordinate their efforts
in relaion to environment and development, particularly to prepare for and evauae
internationa events and Danish input to these.

Since 1993, arepresentative of the Danish 92 Group has been amember of the
Danish ddegation & medtingsin the FCCC context, particularly a INC, COP and
AGBM.



Annex A: Emissonsinvetories 1990 — 95

Notestothetables

Generd note
Numbersin columns may not add up to the total due to rounding.

NoteP. Potentid emissonsbasad on Tier 1 Approach.
A: Actud emissons based on Tier 2 Approach.

Notel: Sectorid Report For Energy, Indudtrid Processes, Solvent And
Other Product Use, Agriculture, Land-use Change And Foredtry,
Wade And Other can be obtained a The Naiona Environmentd
Research Indtitute (NERI)

Sectorid Approach acc. to IPCC or Reference Approach
Trandormation Indudriesinduded here

Indudtries according to ISC

Comm/Ingtitutiond, Residentid, Agri./Forestry/Fishing
Military

Foregt isthe only ecosysem typeinduded

Only corrections shown in the table are gpplied.

A postive correction indicates net import; negative net export.
A paoditive correction indicates awarmer dimate then average;
negative colder than average.

Not induded in nationd totas.
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IPCC TABLE 7A - SUMMARY REPORT FOR NATIONAL GREENHOUSE GAS INVENTORIES
Estimation from CORINAIR National Annual Data, allocated to IPCC Source and Sink Categories

DENMARK

1990

ESTIMATES OF EMISSIONS BY SOURCES AND REMOVALS BY SINKS in Gg

GREENHOUSE GAS SOURCE AND SINK CATEGORIES

CO,
Emissions

CO,
Removals

CHa

N,O

NO,

CcO

NMVOC

SO,

HFCs

PFCs

SFe

NATIONAL TOTALS

NOTE

52277

11
924

421

w
b

280

785

180

0.000

0.015

1 Energy
A Fuel Combustion
1 Energy Industries
2 Manufacturing Industries and Construction
3 Transport
4 Other Sectors
5 Other (Specified if any)
B Fugitive Emissions from Fuels
1 Solid Fuels
2 Oil and Natural Gas Fuels
2 Industrial Processes
A Mineral Products
B Chemical Industry
Metal Production
Other Production
Production of Halocarbons and Sulphur Hexafloride
Consumption of Halocarbons and Sulphur Hexafloride
Other (Specified if any)
Solvent and Other Product Use
4 Agriculture
Enteric Fermentation
B Manure Management
C Rice Cultivation
D Agricultural Soils
E
F
G

@ TMmMmoOO

w

Prescribed Burning of Savannas
Field Burning of Agricultural Residues
Other (Specified if any)
5 Land Use Change & Forestry
A Changes in Forest and Other Woody Biomass Stock
B Forest and Grassland Conversion
C Abandonment of Managed Lands
D CO, Emissions and Removals from soil
E Other (Specified if any)
6 Waste
A Solid Waste Disposal on Land
B Wastewater Treatment
C Waste Incineration
D Other (Specified if any)
7 Other (Specified if any)

A WN P

[e20N )]

=

51138
50898
25865
5776
10474
8664
119
240

240
1006

133

924
924

22
10

OCONPRPBR

w

329
167
161

71
71

OQOO0OO0OORNN

o

33

33

279
278
96
19
125
37

785
751
38

552
153

34
33

43

180
180
132
21
15

0.000 NE

NE NE

0.015

NE

Corrections:
CORRECTED NATIONAL TOTALS
a Correction for electricity exchange
¢ Correction for the impact of climate variation

60233
6253
1703

Memo Items:

International Aviation and Marine Bunkers
a International Aviation
b International Marine

CO2 Emissions from Biomass

11

4986

85




IPCC TABLE 7A - SUMMARY REPORT FOR NATIONAL GREENHOUSE GAS INVENTORIES
Estimation from CORINAIR National Annual Data, allocated to IPCC Source and Sink Categories

DENMARK

1991

ESTIMATES OF EMISSIONS BY SOURCES AND REMOVALS BY SINKS in Gg

GREENHOUSE GAS SOURCE AND SINK CATEGORIES

CO, CO,
Emissions Removals

CH, N,O NO, CO NMVOC SO, HFCs PFCs SFe

NATIONAL TOTALS

NOTE

11
62940 932

P A P A P A
800 176 239 0.003 0.015

IN
N
o
w
i
w
N
o

1 Energy
A Fuel Combustion
1 Energy Industries
2 Manufacturing Industries and Construction
3 Transport
4 Other Sectors
5 Other (Specified if any)
B Fugitive Emissions from Fuels
1 Solid Fuels
2 Oil and Natural Gas Fuels
2 Industrial Processes
A Mineral Products
B Chemical Industry
Metal Production
Other Production
Production of Halocarbons and Sulphur Hexafloride
Consumption of Halocarbons and Sulphur Hexafloride
Other (Specified if any)
Solvent and Other Product Use
4 Agriculture
Enteric Fermentation
B Manure Management
C Rice Cultivation
D Agricultural Soils
E
F
G

G TMmMmoOO

w

Prescribed Burning of Savannas
Field Burning of Agricultural Residues
Other (Specified if any)
5 Land Use Change & Forestry
A Changes in Forest and Other Woody Biomass Stock
B Forest and Grassland Conversion
C Abandonment of Managed Lands
D CO, Emissions and Removals from soil
E Other (Specified if any)
6 Waste
A Solid Waste Disposal on Land
B Wastewater Treatment
C Waste Incineration
D Other (Specified if any)
7 Other (Specified if any)

A WN PP

a1

61631
61136
34864
6114
10946
8925
287
495

495
1178

131

932
932

320 800 122 239
317 756 114 239
135 40 1 188

20 9 2 23
542 97 16
38 164 13 12

OO OO OkFr NN
=
N
[

3 44 8
4 42

5]
o
w
N
o)

0.003 NE NE NE 0.015 NE

42
330 32 2
167
163

32 2

71
71

Corrections:
CORRECTED NATIONAL TOTALS
a Correction for electricity exchange
¢ _Correction for the impact of climate variation

10

61721
-1721
502

Memo Items:

International Aviation and Marine Bunkers
a International Aviation
b International Marine

CO2 Emissions from Biomass

11

4507 0




IPCC TABLE 7A - SUMMARY REPORT FOR NATIONAL GREENHOUSE GAS INVENTORIES
Estimation from CORINAIR National Annual Data, allocated to IPCC Source and Sink Categories

DENMARK 1992

ESTIMATES OF EMISSIONS BY SOURCES AND REMOVALS BY SINKS in Gg

CO, CO; CH, N,O NO, CO NMVOC SO, HFCs PFCs SFg

GREENHOUSE GAS SOURCE AND SINK CATEGORIES Emissions Removals

NOTE 11 P A P A P A
NATIONAL TOTALS 57652 940 431 274 770 170 186 0.024 0.015

w
N

1 Energy 56222 24 274 770 116 186
A Fuel Combustion 55711 11 272 728 109 186
1 Energy Industries 29540 1 93 43 1 143

2 Manufacturing Industries and Construction 6218 1 20 9 2 22

3 Transport 11072 2 119 509 93 11
4 7
0

A WN PP

Other Sectors 8740 38 166 13 11
5 Other (Specified if any) 6 141
B Fugitive Emissions from Fuels 511 14 3 43 7
1 Solid Fuels 4 41
2 Oil and Natural Gas Fuels 511 10
2 Industrial Processes 1 1300
A Mineral Products
B Chemical Industry
Metal Production
Other Production
Production of Halocarbons and Sulphur Hexafloride
Consumption of Halocarbons and Sulphur Hexafloride 0.024 NE NE NE 0.015 NE
Other (Specified if any)
Solvent and Other Product Use 1 130 42
4 Agriculture 1 335 32 2
Enteric Fermentation 166
B Manure Management 169
C Rice Cultivation
D Agricultural Soils 32 2
E
F
G

a1
OCOOFrRORDNN

o
w
N
~

@ TMmMmoOO

w

Prescribed Burning of Savannas
Field Burning of Agricultural Residues
Other (Specified if any)
5 Land Use Change & Forestry 940 9
A Changes in Forest and Other Woody Biomass Stock 7 940
B Forest and Grassland Conversion
C Abandonment of Managed Lands
D CO, Emissions and Removals from soil 9
E Other (Specified if any)
6 Waste 1 72
A Solid Waste Disposal on Land 72
B Wastewater Treatment
C Waste Incineration
D Other (Specified if any)
7 _Other (Specified if any) 1

[

Corrections:
CORRECTED NATIONAL TOTALS 61358
a Correction for electricity exchange 9 3273
¢ _Correction for the impact of climate variation 10 433

[e)

Memo Items:

International Aviation and Marine Bunkers 11 4677 0 0 74 9 3 38
a International Aviation
b International Marine

CO2 Emissions from Biomass




IPCC TABLE 7A - SUMMARY REPORT FOR NATIONAL GREENHOUSE GAS INVENTORIES
Estimation from CORINAIR National Annual Data, allocated to IPCC Source and Sink Categories

DENMARK

1993

ESTIMATES OF EMISSIONS BY SOURCES AND REMOVALS BY SINKS in Gg

Co, Cco,

GREENHOUSE GAS SOURCE AND SINK CATEGORIES Emissions Removals

CH, N,O NO, CO NMVOC SO, HFCs PFCs SFs

NOTE 11
NATIONAL TOTALS 59356 924

445

w
w

274 725 161 152 0.343 0.017

1 Energy 57917
A Fuel Combustion 57472
1 Energy Industries 31028
2 Manufacturing Industries and Construction 6168
3 Transport 11301
4 Other Sectors 8738
5 Other (Specified if any) 6 237
B Fugitive Emissions from Fuels 445
1 Solid Fuels
2 Oil and Natural Gas Fuels 445
2 Industrial Processes 1 1311
A Mineral Products
B Chemical Industry
Metal Production
Other Production
Production of Halocarbons and Sulphur Hexafloride
Consumption of Halocarbons and Sulphur Hexafloride
Other (Specified if any)
Solvent and Other Product Use 1 128
4 Agriculture 1
Enteric Fermentation
B Manure Management
C Rice Cultivation
D Agricultural Soils
E
F
G

A WN PP

a1

@ TMmMmoOO

w

Prescribed Burning of Savannas
Field Burning of Agricultural Residues
Other (Specified if any)
5 Land Use Change & Forestry 1 948
A Changes in Forest and Other Woody Biomass Stock 7 948
B Forest and Grassland Conversion
C Abandonment of Managed Lands
D CO, Emissions and Removals from soil
E Other (Specified if any)
6 Waste 1
A Solid Waste Disposal on Land
B Wastewater Treatment
C Waste Incineration
D Other (Specified if any)
7 _Other (Specified if any) 1

274 725 108 152
271 688 101 152
97 47 1 112
20 8 2 20
117 470 85 9
35 162 12 11
2 1 0
2 37 7
5 35

OCOOFrRORFRNN

]
o
N
N
~

0.343 NE NE NE 0.017 NE

348 31 2
168
180

72
72

Corrections:
CORRECTED NATIONAL TOTALS 8 60328
a Correction for electricity exchange 9 988
¢ _Correction for the impact of climate variation 10 -16

Memo Items:

International Aviation and Marine Bunkers 11 6041
a International Aviation
b International Marine

CO2 Emissions from Biomass




IPCC TABLE 7A - SUMMARY REPORT FOR NATIONAL GREENHOUSE GAS INVENTORIES
Estimation from CORINAIR National Annual Data, allocated to IPCC Source and Sink Categories

DENMARK 1994
ESTIMATES OF EMISSIONS BY SOURCES AND REMOVALS BY SINKS in Gg
CO, CO, CH, N,O NOy CO NMVOC SO, HFCs PFCs SFg
GREENHOUSE GAS SOURCE AND SINK CATEGORIES Emissions Removals
NOTE 11 P A P A P A
NATIONAL TOTALS 63344 956 428 33 272 704 166 155 0.600 0.021
1 Energy 1 61899 27 3 271 704 113 150
A Fuel Combustion 2 61117 10 3 269 662 97 150
1 Energy Industries 3 35213 1 1 106 48 1 111
2 Manufacturing Industries and Construction 4 6481 1 0 24 12 3 22
3 Transport 11345 2 1 103 422 77 10
4 Other Sectors 5 8020 6 0 35 180 15 7
5 Other (Specified if any) 6 58 0 0 1 1 0
B Fugitive Emissions from Fuels 782 17 0 3 41 16
1 Solid Fuels 0 6 0 40 0
2 Oil and Natural Gas Fuels 782 11 0 3 2 16
2 Industrial Processes 1 1318 1 1 0 1 4
A Mineral Products
B Chemical Industry
C Metal Production
D Other Production
E Production of Halocarbons and Sulphur Hexafloride
F Consumption of Halocarbons and Sulphur Hexafloride 0.600 NE NE NE 0.021 NE
G Other (Specified if any)
3 Solvent and Other Product Use 1 127 41
4 Agriculture 1 326 30 2
Enteric Fermentation 155
B Manure Management 171
C Rice Cultivation
D Agricultural Soils 30 2
E Prescribed Burning of Savannas
F Field Burning of Agricultural Residues
G Other (Specified if any)
5 Land Use Change & Forestry 1 956 1 9
A Changes in Forest and Other Woody Biomass Stock 7 956
B Forest and Grassland Conversion
C Abandonment of Managed Lands
D CO, Emissions and Removals from soil 1 9
E Other (Specified if any)
6 Waste 1 74 1
A Solid Waste Disposal on Land 72
B Wastewater Treatment 2
C Waste Incineration 1
D Other (Specified if any)
7 _Other (Specified if any) 1
Corrections:
CORRECTED NATIONAL TOTALS 8 59605
a Correction for electricity exchange 9 -3932
¢ Correction for the impact of climate variation 10 193
Memo Items:
International Aviation and Marine Bunkers 11 6736 0 0 124 12 4 70
a International Aviation
b International Marine
CO2 Emissions from Biomass




IPCC TABLE 7A - SUMMARY REPORT FOR NATIONAL GREENHOUSE GAS INVENTORIES
Estimation from CORINAIR National Annual Data, allocated to IPCC Source and Sink Categories

DENMARK 1995
ESTIMATES OF EMISSIONS BY SOURCES AND REMOVALS BY SINKS in Gg
CO, CO, CH, N,O NOy CO NMVOC SO, HFCs PFCs SFs
GREENHOUSE GAS SOURCE AND SINK CATEGORIES Emissions Removals
NOTE 11 P A P A P A
NATIONAL TOTALS 59532 924 430 33 253 702 162 150 0.750 0.002 0.017
1 Energy 1 58096 29 3 252 702 109 147
A Fuel Combustion 2 57748 11 3 250 656 93 147
1 Energy Industries 3 31482 1 1 91 49 2 106
2 Manufacturing Industries and Construction 4 6039 1 0 23 10 3 19
3 Transport 11370 2 1 100 389 71 10
4 Other Sectors 5 8718 7 0 35 206 17 12
5 Other (Specified if any) 6 139 0 0 2 2 0
B Fugitive Emissions from Fuels 348 17 0 2 45 17
1 Solid Fuels 6 0 44 0
2 Oil and Natural Gas Fuels 348 11 0 2 1 17
2 Industrial Processes 1 1311 1 1 0 1 3
A Mineral Products
B Chemical Industry
C Metal Production
D Other Production
E Production of Halocarbons and Sulphur Hexafloride
F Consumption of Halocarbons and Sulphur Hexafloride 0.750 NE 0.002 NE 0.017 NE
G Other (Specified if any)
3 Solvent and Other Product Use 1 125 40
4 Agriculture 1 327 30 2
Enteric Fermentation 155
B Manure Management 172
C Rice Cultivation
D Agricultural Soils 30 2
E Prescribed Burning of Savannas
F Field Burning of Agricultural Residues 0
G Other (Specified if any) 0
5 Land Use Change & Forestry 1 964 1 9
A Changes in Forest and Other Woody Biomass Stock 7 964
B Forest and Grassland Conversion
C Abandonment of Managed Lands
D CO, Emissions and Removals from soil 1 9
E Other (Specified if any)
6 Waste 1 74
A Solid Waste Disposal on Land 72
B Wastewater Treatment 2
C Waste Incineration
D Other (Specified if any)
7 _Other (Specified if any) 1
Corrections:
CORRECTED NATIONAL TOTALS 8 58917
a Correction for electricity exchange 9 -615
¢ Correction for the impact of climate variation 10 0
Memo Items:
International Aviation and Marine Bunkers 11 7080 0 0 130 13 4 78

a International Aviation
b International Marine
CO2 Emissions from Biomass




Annex B: Energy bdances

Energy balances 1990, 2000, 2005, 2010, 2020 and 2030

The energy balances provided by the Danish Energy Agency are shown for theyears
1990, 2000, 2005, 2010, 2020 and 2030.

Satigicd datacover the period 1972 to 1995 and the action plan, Energy 21, isthe
source for projected figures. The period 1996 to 2005 is based on expected
development from al measuresimplemented or decided. The remaining period 2005
to 2030 is basad on expected devel opment from contemplated new meesuresfor the
post 2005 period.

Autoproducers are here lised among other converson technologies In the inventory
and projectionstablesin IPCC format, their fud consumption and emisson are
induded under the sector where they are located.

Notes to individual columns: 1) sum of (2)+(3)+(11)+(17)
5) including waste ail, lubrificatives and bitumen
10) town gas and refinery gas
11) sum of (4) through (10)
16) primary energy equivalent. Including hydro and solar heating.
17) sum of (12) through (16)
18) direct CO, emissions in mio t/year from primary energy combustion
22) sum of primary energy (1) plus secondary energy (19) through (21)

Notes to individual rows: 23) Nonenergy use, mostly bitumen and lubrificatives. CO, emissions at full
oxidisation of about 1 mio t/year are not included in total domestic consumption to
avoid double counting (material is either recycled or included when burned - see
note to row (5))




Energy Balance for Denmark 1990 PJ per Year Scenario: actual 1990 data corrected for outsite temperatures + electricity exchange
0 Primary Energy: 0 All

actual 1990 data corrected for outsite temperatures + electricity exchange All Coal & Natural | crude Residual Heating Gaso- JP1& LPG  Derived Total ‘ Straw  Refuse  Wood Weet Wind&  Total C0o2 Elec-  District Cogen Final

Fuels Coke Gas Qil oil oil line JP4 Gas Dilproducts Biomass Solar t!enewablemiot CO2 tricity Heat Heat | Energy

[I(E)] 3 4) (5) (6) @ (8 (10) (11) (12) (13) (14) a7 (18) (19) (20) (21) (22)

Net Imports 433.95| 324.91 -28.92| 80.14 -9.87 49.91 162 1799 -2.03 0.19 137.96 0.00 0.00 0.00 0.00 0.00 0.00| 39.99 001 -0.32 0.00| 433.64
Domestic Sources 424.32 0.00 115.97| 255.96 0.00 0.00 0.00 0.00 0.00 0.00 255.96| 13.87 16.92 16.90 1.83 2.87 52.39| 25.46 0.00 0.00 0.00| 424.32
Total Supply of Fuels 858.26| 32491 87.05| 336.10 -9.87 4991 162 1799 -2.03 0.19 393.92| 13.87 16.92 16.90 1.83 287 5239 6545 001 -0.32 0.00| 857.95
International air and marine bunkers 66.40 0.00 0.00 0.00 2854 11.26 0.01 26.59 0.00 0.00 66.40 0.00 0.00 0.00 0.00 0.00 0.00 4.97 0.00 0.00 0.00| 66.40
Nonenergy Uses (23) 12.74 0.00 0.00 0.00 8.61 3.11 1.02 0.00 0.00 000 1274 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.00 0.00| 1274
Total Domestic Consumption 779.12| 32491 87.05| 336.10 -47.02 3554 059 -860 -2.03 0.19 314.78| 13.87 16.92 16.90 1.83 2.87 52.39| 59.50 0.01  -0.32 0.00| 778.81
Electricity Import correction 67.00| 63.02 1.58 0.00 219 0.08 0.00 0.00 0.00 0.00 2.26 0.13 0.00 0.00 0.00 0.00 0.13 6.25| -25.37 0.00 0.00| 41.63
Refineries, throughput 1.00 0.00 0.00( 336.10 -90.79 -143.80 -68.91 -10.85 -6.58 -14.17 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Total Conversion and Distribution sector 338.76| 24535 34.61 0.00 14.18 2.48 0.00 0.00 0.18 1249 29.34 446 16.92 4.62 1.15 230 29.46| 27.29| -79.64 -82.87 0.00| 176.25
Oil and Gas Sector (refineries, Offshore, gasworks) 28.34 0.00 14.42 0.00 1.31 0.01 0.00 0.00 0.17 1243 13.92 0.00 0.00 0.00 0.00 0.00 0.00 1.64 0.00 0.00 0.00| 28.34
Refineries, own consumption 15.34 0.00 0.00 0.00 1.31 0.00 0.00 0.00 0.00 14.03 1534 0.00 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.00 0.00| 15.34
Offshore fuel consumption including flaring 12.86 0.00 12.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.00 0.00 0.00| 12.86
Town gas plants, throughput and own consumption 0.14 0.00 1.56 0.00 0.00 0.01 0.00 0.00 017 -160 -1.42 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.14
Electricity and District Heat Production 309.89| 24535 19.72 0.00 1287 2.47 0.00 0.00 0.01 0.00 15.36 4.46 16.92 4.62 1.15 230 29.46| 2562| -87.74 -103.63 0.00| 118.51
(of which used for electric rail) 2.10 1.98 0.05 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.20| -0.80 0.00 0.00 1.31
Electricity production by Wind and Water Power 2.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.30 2.30 0.00| -2.30 0.00 0.00 0.00
[Thermal electric Power Plants, Condensing Plants 149.58| 140.69 3.54 0.00 4.89 0.17 0.00 0.00 0.00 0.00 5.06 0.29 0.00 0.00 0.00 0.00 0.29| 13.96| -55.72 0.00 0.00| 93.86
Thermal Electric Power Plants, Back Pressure Plants 101.88| 95.83 241 0.00 3.33 0.12 0.00 0.00 0.00 0.00 3.44 0.20 0.00 0.00 0.00 0.00 0.20 9.51| -28.16 -59.88 0.00| 13.84
Autoproducers of heat and electricity (cogeneration) 6.14 1.95 0.49 0.00 2.39 0.00 0.00 0.00 0.00 0.00 2.39 0.00 0.00 0.99 0.32 0.00 1.31 0.40 -1.56 -2.20 0.00 2.38
District Heating Plants (including Peaking Boilers at Central Heat and Power Plants) 49.98 6.88 13.28 0.00 2.27 2.19 0.00 0.00 0.01 0.00 4.46 3.97 16.92 3.63 0.83 0.00 25.36 1.75 0.00 -41.55 0.00 8.43
Loss and own consumption in distribution and transmission of electricity, heat and gas 0.53 0.00 0.47 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.03 8.11 20.77 0.00| 29.40
Final Energy Consumption 372.37| 16.54 50.86 0.00 27.40 176.78 69.50 2.25 4.37 1.87 282.17 9.27 0.00 1228 0.67 057 22.79| 2595| 105.02 8255 0.00| 559.93
Total Transport Energy 142.62 0.00 0.00 0.00 358 67.32 69.00 225 0.46 0.00 142.62 0.00 0.00 0.00 0.00 0.00 0.00| 10.49 0.74 0.00 0.00| 143.36
Road Transport in Denmark, final Energy 131.18 0.00 0.00 0.00 0.02 5860 7211 0.00 0.46 0.00 131.18 0.00 0.00 0.00 0.00 0.00 0.00 9.63 0.00 0.00 0.00| 131.18
Rail Transport in Denmark, final Energy 4.03 0.00 0.00 0.00 0.00 4.01 0.02 0.00 0.00 0.00 4.03 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.74 0.00 0.00 4.77
Air and Sea Transport in Denmark, final Energy 7.26 0.00 0.00 0.00 3.56 278 0.16 0.76 0.00 0.00 7.26 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00 0.00 7.26
Local border Trade (net export) -1.50 0.00 0.00 0.00 0.00 179 -3.29 0.00 0.00 0.00 -1.50 0.00 0.00 0.00 0.00 0.00 0.00| -0.11 0.00 0.00 0.00| -1.50
Military Consumption 1.65 0.00 0.00 0.00 0.00 0.15 0.01 1.50 0.00 0.00 1.65 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 1.65
Total Process Energy 109.40| 15.61 24.15 0.00 2147 3758 0.50 0.00 3.06 031 6292 212 0.00 3.94 0.66 0.00 6.72 8.19| 37.65 4.09 0.00| 151.15
Industry 7275 13.09 21.81 0.00 1812 1264 0.18 0.00 2.03 031 3328 0.00 0.00 391 0.66 0.00 4.57 560 31.17 1.99 0.00| 105.91
Construction 5.20 0.00 0.12 0.00 1.00 3.55 0.03 0.00 0.50 0.00 5.08 0.00 0.00 0.00 0.00 0.00 0.00 0.38 1.05 0.00 0.00 6.25
Agriculture and Forestry 20.66 252 222 0.00 206 1094 0.28 0.00 0.49 0.00 13.77 212 0.00 0.03 0.00 0.00 215 1.41 5.43 2.10 0.00| 28.19
Fishery 10.79 0.00 0.00 0.00 0.29 10.45 0.01 0.00 0.04 0.00 10.79 0.00 0.00 0.00 0.00 0.00 0.00 0.80 0.00 0.00 0.00| 10.79
Total Consumption of Residential Commercial Sectors 120.35 093 2671 0.00 235 71.88 0.00 0.00 0.84 156 76.64 7.15 0.00 8.34 0.01 057 16.07 7.28| 66.63 7845 0.00| 265.43
Final Energy Demand for heating: 120.01 093 2671 0.00 235 71.88 0.00 0.00 0.84 122 76.30 7.15 0.00 8.34 0.01 057 16.07 7.26| 10.07 78.45 0.00| 208.53
Electricity and gas use for Appliances and cooking (excl heating) 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.02] 56.56 0.00 0.00] 56.90
Danish Energy Agency file:  cc_pak

Statistical data 1972 to 1995.

Energy 21 (april 1996) 1996 to 2005: Expected development from all measures implemented or decided.
Energy 21 (april 1996) 2005 to 2030: Expected development from contemplated new measures for the post 2005 period




Energy Balance for Denmark 2000 PJ per Year Scenario: Energy 21, Plan
0 Primary Energy: 0 All

Energy 21, Plan All Coal & Natural | crude Residual Heating Gaso- JP1& LPG  Derived Total Straw  Refuse  Wood Weet Wind&  Total co2 Elec-  District Cogen Final

Fuels Coke Gas Qil oil oil line JP4 Gas Dilproducts Biomass Solar t!enewablemiot CO2 tricity Heat Heat | Energy

1) 12 (3) (4) (5) (6) (1) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22)

Net Imports 74.15| 190.75 -111.42 0.00 1866 -1577 -2895 2793 -537 -168 -518 0.00 0.00 0.00 0.00 0.00 0.00| -1.12| -10.06 0.00 0.00| 64.09
Domestic Sources 849.27 0.00 325.84| 437.00 0.00 0.00 0.00 0.00 0.00 0.00 437.00| 2476 2272 23.87 5.20 9.87 86.42| 63.34 0.00 0.00 0.00| 849.27
Total Supply of Fuels 923.42| 190.75 214.43| 437.00 1866 -1577 -2895 2793 -537 -1.68 431.82| 2476 2272 23.87 5.20 9.87 86.42| 62.22| -10.06 0.00 0.00| 913.36
International air and marine bunkers 110.95 0.00 0.00 0.00 4580 3210 0.00 33.05 0.00 0.00 110.95 0.00 0.00 0.00 0.00 0.00 0.00 8.33 0.00 0.00 0.00| 110.95
Nonenergy Uses (23) 12.66 0.00 0.00 0.00 11.64 1.02 0.00 0.00 0.00 0.00 12.66 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.00 0.00| 12.66
Total Domestic Consumption 799.81 190.75‘ 214.43| 437.00 -38.78 -48.89 -2895 512 537 -1.68 308.21| 2476 2272 23.87 5.20 9.87 86.42| 52.91| -10.06 0.00 0.00| 789.75
Electricity Import correction
Refineries, throughput 0.80 0.00 0.00| 437.00 -95.00 -197.00 -106.30  -8.40 -9.40 -20.10 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80
Total Conversion and Distribution sector 446.04| 172.67 145.84 0.00 4262 1.19 0.00 0.00 0.00 1830 62.10| 19.84 2272 9.24 4.87 876 65.43| 29.20(-122.99 -94.63 -14.42| 214.00
Oil and Gas Sector (refineries, Offshore, gasworks) 64.49 0.00 46.80 0.00 3.15 0.00 0.00 0.00 0.00 1455 17.70 0.00 0.00 0.00 0.00 0.00 0.00 3.74 0.00 0.00 0.00| 64.49
Refineries, own consumption 19.01 0.00 0.00 0.00 3.15 0.00 0.00 0.00 0.00 1586 19.01 0.00 0.00 0.00 0.00 0.00 0.00 1.15 0.00 0.00 0.00| 19.01
Offshore fuel consumption including flaring 45.48 0.00 4548 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.59 0.00 0.00 0.00| 45.48
Town gas plants, throughput and own consumption 0.00 0.00 1.32 0.00 0.00 0.00 0.00 0.00 000 -1.32 -1.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity and District Heat Production 380.78| 172.67 98.28 0.00 3947 1.19 0.00 0.00 0.00 375 4440 19.84 2272 9.24 4.87 876 65.43| 2542|-131.49 -118.42 -14.42| 116.45
(of which used for electric rail) 2.69 211 0.20 0.00 0.31 0.00 0.00 0.00 0.00 0.00 0.31 0.07 0.00 0.01 0.00 0.00 0.08 0.24| -1.02 0.00 0.00 1.67
Electricity production by Wind and Water Power 8.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.58 8.58 0.00| -858 0.00 0.00 0.00
[Thermal electric Power Plants, Condensing Plants 126.43| 76.98 20.80 0.00 14.47 0.00 0.00 0.00 0.00 0.00 14.47 6.27 6.81 1.01 0.11 0.00 14.19 9.64| -51.12 0.00 0.00| 75.31
Thermal Electric Power Plants, Back Pressure Plants 165.51| 9291 31.72 0.00 20.64 0.00 0.00 0.00 0.00 0.00 20.64 8.17 10.38 1.54 0.16 0.00 20.24| 12.27| -51.90 -84.25 0.00| 29.37
[Autoproducers of heat and electricity (cogeneration) 35.27 1.76 25.62 0.00 2.21 0.12 0.00 0.00 0.00 3.75 6.07 0.16 0.00 1.30 0.36 0.00 1.82 2.02| -11.07 -4.35 -14.42 5.42
District Heating Plants (including Peaking Boilers at Central Heat and Power Plants) 44.98 1.03 20.13 0.00 2.16 1.07 0.00 0.00 0.00 0.00 3.23 5.24 5.54 5.40 4.24 0.18 20.60 1.49 -8.82 -29.82 0.00 6.34
Loss and own consumption in distribution and transmission of electricity, heat and gas 0.77 0.00 0.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 850 23.79 0.00| 33.06
Final Energy Consumption 352.97| 18.08 68.59 0.00 1360 14692 77.35 3.28 4.03 0.13 24531 4.92 0.00 14.63 0.34 1.11 20.99| 23.71| 112.93 94.63 14.42| 574.95
Total Transport Energy 150.00 0.00 0.00 0.00 1.20 6855 76.97 3.28 0.00 0.00 150.00 0.00 0.00 0.00 0.00 0.00 0.00| 11.02 0.95 0.00 0.00| 150.95
Road Transport in Denmark, final Energy 136.22 0.00 0.00 0.00 0.00 6200 7422 0.00 0.00 0.00 136.22 0.00 0.00 0.00 0.00 0.00 0.00| 10.01 0.00 0.00 0.00| 136.22
Rail Transport in Denmark, final Energy 254 0.00 0.00 0.00 0.00 2.54 0.00 0.00 0.00 0.00 2.54 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.95 0.00 0.00 3.48
Air and Sea Transport in Denmark, final Energy 4.34 0.00 0.00 0.00 1.20 221 0.00 0.92 0.00 0.00 4.34 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.00 0.00 0.00 4.34
Local border Trade (net export) 3.63 0.00 0.00 0.00 0.00 0.90 274 0.00 0.00 0.00 3.63 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.00 0.00 0.00 3.63
Military Consumption 3.27 0.00 0.00 0.00 0.00 0.90 0.01 2.36 0.00 0.00 3.27 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.00 0.00 3.27
Total Process Energy 98.64| 16.77 30.57 0.00 1154 31.89 0.35 0.00 2.45 0.10 46.33 1.34 0.00 3.60 0.02 0.00 4.97 6.78| 44.26 5.88 12.32| 161.10
Industry 64.17| 1397 2817 0.00 9.53 7.25 0.10 0.00 1.46 0.10 1843 0.00 0.00 3.58 0.02 0.00 3.60 4.32| 36.31 396 11.40| 115.84
Construction 6.09 0.00 0.24 0.00 0.24 4.87 0.03 0.00 0.71 0.00 5.84 0.00 0.00 0.00 0.00 0.00 0.00 0.44 1.30 0.00 0.00 7.38
Agriculture and Forestry 28.38 2.80 2.16 0.00 176 19.78 0.23 0.00 0.29 0.00 2205 1.34 0.00 0.03 0.00 0.00 1.37 2.02 6.65 1.92 0.92| 37.88
Fishery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Consumption of Residential Commercial Sectors 104.33 1.31 38.02 0.00 0.86 46.48 0.03 0.00 1.57 0.03 4898 3.57 0.00 11.03 0.31 111 16.02 590 67.72 8876 2.10| 262.91
Final Energy Demand for heating: 104.10 1.31 38.01 0.00 0.86 46.39 0.03 0.00 1.45 0.03 4876 3.57 0.00 11.03 0.31 111 16.02 5.89 780 8876 2.10| 202.76
Electricity and gas use for Appliances and cooking (excl heating) 0.23 0.00 0.01 0.00 0.00 0.09 0.00 0.00 0.13 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.02] 59.92 0.00 0.00] 60.15
Danish Energy Agency file:  cc_pak

Statistical data 1972 to 1995.

Energy 21 (april 1996) 1996 to 2005: Expected development from all measures implemented or decided.
Energy 21 (april 1996) 2005 to 2030: Expected development from contemplated new measures for the post 2005 period




Energy Balance for Denmark 2005 PJ per Year Scenario: Energy 21, Plan
0 Primary Energy: 0 All

Energy 21, Plan All Coal & Natural | crude Residual Heating Gaso- JP1& LPG  Derived Total Straw  Refuse  Wood Weet Wind&  Total co2 Elec-  District Cogen Final

Fuels Coke Gas Qil oil oil line JP4 Gas Dilproducts Biomass Solar t!enewablemiot CO2 tricity Heat Heat | Energy

[I(E)] 3 4) (5) (6) @ (8 ©) (10) (11) (12) (13) (14) (15) (16) a7 (18) (19) (20) (21) (22)

Net Imports 62.80| 148.00 -72.25 000 1516 -21.91 -36.02 33.09 -547 222 -12.95 0.00 0.00 0.00 0.00 0.00 0.00| 12.38| -14.85 0.00 0.00| 47.94
Domestic Sources 866.48 0.00 327.89| 437.00 0.00 0.00 0.00 0.00 0.00 0.00 437.00] 26.65 2256 26.54 895 16.89 101.60| 47.46 0.00 0.00 0.00| 866.48
Total Supply of Fuels 929.28| 148.00 255.63| 437.00 1516 -21.91 -36.02 33.09 -547 222 42405 2665 2256 2654 895 16.89 101.60| 59.83| -14.85 0.00 0.00| 914.43
International air and marine bunkers 128.50 0.00 0.00 0.00 5310 37.21 0.00 38.19 0.00 0.00 128.50 0.00 0.00 0.00 0.00 0.00 0.00 9.65 0.00 0.00 0.00| 128.50
Nonenergy Uses (23) 12.66 0.00 0.00 0.00 11.64 1.02 0.00 0.00 0.00 0.00 12.66 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.00 0.00| 12.66
Total Domestic Consumption 788.12| 148.00 255.63| 437.00 -49.57 -60.15 -36.02 -5.11 -547 222 282.89| 26.65 2256 26.54 895 16.89 101.60| 49.20| -14.85 0.00 0.00| 773.27
Electricity Import correction
Refineries, throughput 0.80 0.00 0.00| 437.00 -95.00 -197.00 -106.30  -8.40 -9.40 -20.10 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80
Total Conversion and Distribution sector 453.35| 131.31 183.42 0.00 36.31 0.70 0.00 0.00 0.00 2221 5921 2200 2256 10.83 869 1533 79.41| 27.09(-128.01 -99.79 -23.89| 201.65
Oil and Gas Sector (refineries, Offshore, gasworks) 66.90 0.00 4884 0.00 223 0.00 0.00 0.00 0.00 1584 18.06 0.00 0.00 0.00 0.00 0.00 0.00 3.85 0.00 0.00 0.00| 66.90
Refineries, own consumption 19.38 0.00 0.00 0.00 223 0.00 0.00 0.00 0.00 17.15 19.38 0.00 0.00 0.00 0.00 0.00 0.00 1.15 0.00 0.00 0.00| 19.38
Offshore fuel consumption including flaring 47.52 0.00 4752 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 270 0.00 0.00 0.00| 4752
Town gas plants, throughput and own consumption 0.00 0.00 1.32 0.00 0.00 0.00 0.00 0.00 000 -1.32 -1.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity and District Heat Production 385.68| 131.31 133.81 0.00 34.08 0.70 0.00 0.00 0.00 6.38 41.15| 2200 2256 10.83 869 1533 79.41| 23.20|-136.53 -124.85 -23.89| 100.40
(of which used for electric rail) 3.40 215 0.67 0.00 0.46 0.00 0.00 0.00 0.00 0.00 0.46 0.11 0.00 0.01 0.00 0.00 0.12 028 -1.31 0.00 0.00 2.09
Electricity production by Wind and Water Power 13.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.83 13.83 0.00| -13.83 0.00 0.00 0.00
[Thermal electric Power Plants, Condensing Plants 84.94| 4495 19.87 0.00 8.80 0.00 0.00 0.00 0.00 0.00 8.80 531 517 0.75 0.08 000 11.31 6.10| -34.38 0.00 0.00| 50.56
Thermal Electric Power Plants, Back Pressure Plants 172.91| 8356 46.45 0.00 18.36 0.00 0.00 0.00 0.00 0.00 1836 1045 1213 1.77 0.19 0.00 2454 12.04| -57.96 -84.95 0.00| 30.00
Autoproducers of heat and electricity (cogeneration) 58.47 179 4543 0.00 227 0.13 0.00 0.00 0.00 6.38 8.77 0.30 0.00 1.54 0.65 0.00 2.49 3.30| -18.40 -4.48 -23.89| 11.70
District Heating Plants (including Peaking Boilers at Central Heat and Power Plants) 55.53 1.00 22.06 0.00 4.66 0.57 0.00 0.00 0.00 0.00 5.23 5.94 5.27 6.77 7.77 1.50 27.25 1.76| -11.97 -35.42 0.00 8.14
Loss and own consumption in distribution and transmission of electricity, heat and gas 0.77 0.00 0.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 8.52 25.06 0.00| 34.35
Final Energy Consumption 333.97| 16.69 7221 0.00 9.12 136.16 70.28 3.29 3.93 0.11 222.88 4.65 0.00 1572 0.26 156 22.19| 22.11| 113.16 99.79 23.89| 570.81
Total Transport Energy 139.92 0.00 0.00 0.00 1.10 65.65 69.88 3.29 0.00 0.00 139.92 0.00 0.00 0.00 0.00 0.00 0.00| 10.28 1.22 0.00 0.00| 141.14
Road Transport in Denmark, final Energy 130.63 0.00 0.00 0.00 0.00 60.76 69.87 0.00 0.00 0.00 130.63 0.00 0.00 0.00 0.00 0.00 0.00 9.60 0.00 0.00 0.00| 130.63
Rail Transport in Denmark, final Energy 1.74 0.00 0.00 0.00 0.00 1.74 0.00 0.00 0.00 0.00 1.74 0.00 0.00 0.00 0.00 0.00 0.00 0.13 1.22 0.00 0.00 2.96
Air and Sea Transport in Denmark, final Energy 4.29 0.00 0.00 0.00 1.10 2.25 0.00 0.93 0.00 0.00 4.29 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.00 0.00 0.00 4.29
Local border Trade (net export) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Military Consumption 3.27 0.00 0.00 0.00 0.00 0.90 0.01 2.36 0.00 0.00 3.27 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.00 0.00 3.27
Total Process Energy 93.10| 1541 32.02 0.00 721 3116 0.37 0.00 231 0.07 41.12 1.34 0.00 3.19 0.02 0.00 4.55 6.34| 4651 6.33 20.64| 166.58
Industry 56.84| 1255 29.81 0.00 5.29 4.73 0.07 0.00 1.13 0.07 11.30 0.00 0.00 3.16 0.02 0.00 3.18 3.73| 38.46 4.32 18.95| 118.57
Construction 6.77 0.00 0.29 0.00 0.26 534 0.03 0.00 0.85 0.00 6.48 0.00 0.00 0.00 0.00 0.00 0.00 0.49 1.41 0.00 0.00 8.18
Agriculture and Forestry 29.49 2.86 1.93 0.00 1.66 21.09 0.26 0.00 0.33 0.00 2334 1.34 0.00 0.03 0.00 0.00 1.37 211 6.64 2.01 1.69| 39.83
Fishery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Consumption of Residential Commercial Sectors 100.95 1.29 40.19 0.00 0.81 39.35 0.03 0.00 1.61 0.03 41.83 331 0.00 1253 0.24 156 17.64 5.49| 6543 93.46 3.25| 263.09
Final Energy Demand for heating: 100.68 1.29 4017 0.00 0.81 39.24 0.03 0.00 1.47 0.03 4158 331 0.00 1253 0.24 156 17.64 5.47 6.56 93.46 3.25| 203.95
Electricity and gas use for Appliances and cooking (excl heating) 0.27 0.00 0.02 0.00 0.00 0.11 0.00 0.00 0.14 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.02| 58.87 0.00 0.00] 59.13
Danish Energy Agency file:  cc_pak

Statistical data 1972 to 1995.

Energy 21 (april 1996) 1996 to 2005: Expected development from all measures implemented or decided.
Energy 21 (april 1996) 2005 to 2030: Expected development from contemplated new measures for the post 2005 period




Energy Balance for Denmark 2010 PJ per Year Scenario: Energy 21, Plan
0 Primary Energy: 0 All

Energy 21, Plan All Coal & Natural | crude Residual Heating Gaso- JP1& LPG  Derived Total Straw  Refuse  Wood Weet Wind&  Total co2 Elec-  District Cogen Final

Fuels Coke Gas Qil oil oil line JP4 Gas Dilproducts Biomass Solar t!enewablemiot CO2 tricity Heat Heat | Energy

[I(E)] 3 4) (5) (6) @ (8 ©) (10) (11) (12) (13) (14) (15) (16) a7 (18) (19) (20) (21) (22)

Net Imports 153.06| 110.59 52.67 0.00 2186 -27.34 -39.33 3800 -5.60 221 -10.19 0.00 0.00 0.00 0.00 0.00 0.00| 2842 -9.18 0.00 0.00| 143.88
Domestic Sources 743.47 0.00 184.08| 437.00 0.00 0.00 0.00 0.00 0.00 0.00 437.00] 27.46 2263 3221 1325 26.84 122.39| 27.01 0.00 0.00 0.00| 743.47
Total Supply of Fuels 896.53| 110.59 236.74| 437.00 21.86 -27.34 -39.33 38.00 -5.60 221 42681 27.46 2263 3221 1325 26.84 122.39| 5543| -9.18 0.00 0.00| 887.34
International air and marine bunkers 147.75 0.00 0.00 0.00 6155 43.14 0.00 43.06 0.00 0.00 147.75 0.00 0.00 0.00 0.00 0.00 0.00| 11.09 0.00 0.00 0.00| 147.75
Nonenergy Uses (23) 12.66 0.00 0.00 0.00 11.64 1.02 0.00 0.00 0.00 0.00 12.66 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.00 0.00| 12.66
Total Domestic Consumption 736.12| 110.59 236.74| 437.00 -51.33 -71.50 -39.33 -5.05 -5.60 221 26640 27.46 2263 3221 1325 26.84 122.39| 43.35 -9.18 0.00 0.00| 726.93
Electricity Import correction
Refineries, throughput 0.80 0.00 0.00| 437.00 -95.00 -197.00 -106.30  -8.40 -9.40 -20.10 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80
Total Conversion and Distribution sector 420.70| 95.21 170.02 0.00 35.36 0.56 0.00 0.00 0.00 2221 5813 2346 2263 13.89 13.00 2438 97.35| 22.82|-122.81 -100.44 -25.43| 172.02
Oil and Gas Sector (refineries, Offshore, gasworks) 60.64 0.00 4258 0.00 223 0.00 0.00 0.00 0.00 1584 18.06 0.00 0.00 0.00 0.00 0.00 0.00 3.50 0.00 0.00 0.00| 60.64
Refineries, own consumption 19.38 0.00 0.00 0.00 223 0.00 0.00 0.00 0.00 17.15 19.38 0.00 0.00 0.00 0.00 0.00 0.00 1.15 0.00 0.00 0.00| 19.38
Offshore fuel consumption including flaring 41.26 0.00 41.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.35 0.00 0.00 0.00| 41.26
Town gas plants, throughput and own consumption 0.00 0.00 1.32 0.00 0.00 0.00 0.00 0.00 000 -1.32 -1.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity and District Heat Production 359.29| 9521 126.67 0.00 3313 0.56 0.00 0.00 0.00 6.38 40.07| 2346 2263 13.89 13.00 2438 97.35| 19.27|-131.37 -125.64 -25.43| 76.85
(of which used for electric rail) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity production by Wind and Water Power 2271 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 2271 2271 0.00| -22.71 0.00 0.00 0.00
[Thermal electric Power Plants, Condensing Plants 43.02| 18.84 11.39 0.00 5.36 0.00 0.00 0.00 0.00 0.00 5.36 3.00 3.33 1.05 0.05 0.00 7.44 2.86| -17.63 0.00 0.00| 25.40
Thermal Electric Power Plants, Back Pressure Plants 170.53| 74.26 46.53 0.00 1852 0.00 0.00 0.00 0.00 0.00 1852 1261 13.99 4.41 0.22 0.00 31.23| 11.17| -57.75 -82.99 0.00| 29.80
Autoproducers of heat and electricity (cogeneration) 62.69 1.28 46.61 0.00 2.01 0.12 0.00 0.00 0.00 6.38 8.50 1.76 0.00 1.96 258 0.00 6.30 3.30| -20.22 -451 -2543| 1253
District Heating Plants (including Peaking Boilers at Central Heat and Power Plants) 60.33 0.83 22.13 0.00 7.24 0.45 0.00 0.00 0.00 0.00 7.69 6.09 5.31 6.47 10.14 1.66 29.68 1.94| -13.06 -38.15 0.00 9.13
Loss and own consumption in distribution and transmission of electricity, heat and gas 0.77 0.00 0.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 855 25.20 0.00| 34.52
Final Energy Consumption 314.61| 1538 66.73 0.00 8.31 12494 66.97 3.35 3.80 0.10 207.46 4.00 0.00 1832 0.25 247 25.04| 2053| 113.63 100.44 25.43| 554.11
Total Transport Energy 137.41 0.00 0.80 0.00 1.02 62.66 66.59 3.35 0.00 0.00 133.61 0.00 0.00 3.00 0.00 0.00 3.00 9.86 1.50 0.00 0.00| 138.90
Road Transport in Denmark, final Energy 128.94 0.00 0.80 0.00 0.00 5856 66.58 0.00 0.00 0.00 125.14 0.00 0.00 3.00 0.00 0.00 3.00 9.24 0.14 0.00 0.00| 129.08
Rail Transport in Denmark, final Energy 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 1.36 0.00 0.00 2.36
Air and Sea Transport in Denmark, final Energy 4.19 0.00 0.00 0.00 1.02 219 0.00 0.99 0.00 0.00 4.19 0.00 0.00 0.00 0.00 0.00 0.00 0.31 0.00 0.00 0.00 4.19
Local border Trade (net export) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Military Consumption 3.27 0.00 0.00 0.00 0.00 0.90 0.01 2.36 0.00 0.00 3.27 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.00 0.00 3.27
Total Process Energy 86.32| 14.18 29.25 0.00 6.52 29.55 0.35 0.00 2.28 0.07 3877 1.14 0.00 2.98 0.02 0.00 4.13 5.88| 47.18 6.25 21.41| 161.16
Industry 51.71| 1146 27.10 0.00 4.68 4.34 0.07 0.00 1.06 0.07 1022 0.00 0.00 2.90 0.02 0.00 2.92 3.40| 39.25 426 19.11| 114.32
Construction 7.13 0.00 0.31 0.00 0.27 5.63 0.03 0.00 0.89 0.00 6.82 0.00 0.00 0.00 0.00 0.00 0.00 0.52 1.46 0.00 0.00 8.59
Agriculture and Forestry 27.48 271 1.84 0.00 157 19.58 0.25 0.00 0.32 0.00 21.72 1.14 0.00 0.07 0.00 0.00 1.21 1.97 6.48 2.00 2.30| 3825
Fishery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Consumption of Residential Commercial Sectors 90.89 1.20 36.68 0.00 078 3273 0.03 0.00 1.52 0.03 35.09 2.86 0.00 1235 0.24 247 1791 4.79| 64.96 94.19 4.02| 254.05
Final Energy Demand for heating: 90.61 1.20 36.66 0.00 0.78 32.62 0.03 0.00 1.38 0.03 3484 2.86 0.00 1235 0.24 247 1791 4.77 6.15 94.19 4.02| 194.97
Electricity and gas use for Appliances and cooking (excl heating) 0.28 0.00 0.02 0.00 0.00 0.11 0.00 0.00 0.15 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.02| 58.80 0.00 0.00] 59.08
Danish Energy Agency file:  cc_pak

Statistical data 1972 to 1995.

Energy 21 (april 1996) 1996 to 2005: Expected development from all measures implemented or decided.

Energy 21 (april 1996) 2005 to 2030: Expected development from contemplated new measures for the post 2005 period




Energy Balance for Denmark 2020 PJ per Year Scenario: Energy 21, Plan
0 Primary Energy: 0 All

Energy 21, Plan All Coal & Natural | crude Residual Heating Gaso- JP1& LPG  Derived Total Straw  Refuse  Wood Weet Wind&  Total co2 Elec-  District Cogen Final

Fuels Coke Gas Qil oil oil line JP4 Gas Dilproducts Biomass Solar t!enewablemiot CO2 tricity Heat Heat | Energy

[I(E)] 3 4) (5) (6) @ (8 ©) (10) (11) (12) (13) (14) (15) (16) a7 (18) (19) (20) (21) (22)

Net Imports 196.50| 59.80 185.23 0.00 149 -4491 -47.84 4638 -5.85 220 -4853 0.00 0.00 0.00 0.00 0.00 0.00| 41.25| -21.65 0.00 0.00| 174.85
Domestic Sources 649.87 0.00  29.12| 437.00 0.00 0.00 0.00 0.00 0.00 0.00 437.00] 2998 2275 51.89 2205 57.09 183.75 5.12 0.00 0.00 0.00| 649.87
Total Supply of Fuels 846.37| 59.80 214.35| 437.00 149 -4491 -47.84 4638 -5.85 220 38847 2998 2275 5189 2205 57.09 183.75| 46.37| -21.65 0.00 0.00| 824.72
International air and marine bunkers 167.04 0.00 0.00 0.00 67.99 47.65 0.00 51.40 0.00 0.00 167.04 0.00 0.00 0.00 0.00 0.00 0.00| 1253 0.00 0.00 0.00| 167.04
Nonenergy Uses (23) 12.66 0.00 0.00 0.00 11.64 1.02 0.00 0.00 0.00 0.00 12.66 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.00 0.00| 12.66
Total Domestic Consumption 666.67| 59.80 214.35| 437.00 -78.14 -93.58 -47.84 -502 -5.86 220 208.77| 2998 2275 51.89 2205 57.09 183.75| 32.86] -21.65 0.00 0.00| 645.02
Electricity Import correction
Refineries, throughput 0.80 0.00 0.00| 437.00 -95.00 -197.00 -106.30  -8.40 -9.40 -20.10 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80
Total Conversion and Distribution sector 391.31| 47.05 158.60 0.00 10.16 0.30 0.00 0.00 0.00 2221 3267 2727 2275 2835 2181 5281 15299 1557|-136.04 -101.73 -28.51| 125.03
Oil and Gas Sector (refineries, Offshore, gasworks) 29.91 0.00 11.85 0.00 223 0.00 0.00 0.00 0.00 1584 18.06 0.00 0.00 0.00 0.00 0.00 0.00 1.75 0.00 0.00 0.00| 29.91
Refineries, own consumption 19.38 0.00 0.00 0.00 223 0.00 0.00 0.00 0.00 17.15 19.38 0.00 0.00 0.00 0.00 0.00 0.00 1.15 0.00 0.00 0.00| 19.38
Offshore fuel consumption including flaring 10.53 0.00 1053 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.00 0.00 0.00| 10.53
Town gas plants, throughput and own consumption 0.00 0.00 1.32 0.00 0.00 0.00 0.00 0.00 000 -1.32 -1.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity and District Heat Production 360.63| 47.05 14598 0.00 7.94 0.30 0.00 0.00 0.00 6.38 1461 27.27 2275 2835 2181 5281 152.99| 13.78|-144.65 -127.21 -28.51| 60.26
(of which used for electric rail) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity production by Wind and Water Power 40.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4025 40.25 0.00| -40.25 0.00 0.00 0.00
[Thermal electric Power Plants, Condensing Plants 16.37 4.24 6.92 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.24 1.50 1.62 1.82 0.03 0.00 4.97 0.82| -8.65 0.00 0.00 7.72
Thermal Electric Power Plants, Back Pressure Plants 160.95| 41.73 68.06 0.00 232 0.00 0.00 0.00 0.00 0.00 232 1472 1593 17.88 0.31 0.00 4884 8.02| -59.88 -74.52 0.00| 26.55
Autoproducers of heat and electricity (cogeneration) 71.13 0.27 4898 0.00 1.49 0.10 0.00 0.00 0.00 6.38 7.97 4.68 0.00 2.80 6.44 0.00 13.92 3.30| -23.86 -2.66 -2851| 16.10
District Heating Plants (including Peaking Boilers at Central Heat and Power Plants) 71.93 0.81 22.01 0.00 3.89 0.20 0.00 0.00 0.00 0.00 4.08 6.38 5.19 586 15.03 1256 45.02 1.65| -12.02 -50.03 0.00 9.88
Loss and own consumption in distribution and transmission of electricity, heat and gas 0.77 0.00 0.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 8.61 25.48 0.00| 34.86
Final Energy Consumption 27456 1275 5575 0.00 6.70 103.12 58.46 3.38 3.54 0.09 175.30 270 0.00 2353 0.25 4.28 30.76| 17.28| 114.39 101.74 28.51| 519.19
Total Transport Energy 131.03 0.00 2.40 0.00 0.85 57.30 58.10 3.38 0.00 0.00 119.63 0.00 0.00 9.00 0.00 0.00 9.00 8.93 1.87 0.00 0.00| 132.90
Road Transport in Denmark, final Energy 123.46 0.00 2.40 0.00 0.00 5396 58.09 0.00 0.00 0.00 112.06 0.00 0.00 9.00 0.00 0.00 9.00 8.37 0.35 0.00 0.00| 123.80
Rail Transport in Denmark, final Energy 0.42 0.00 0.00 0.00 0.00 0.42 0.00 0.00 0.00 0.00 0.42 0.00 0.00 0.00 0.00 0.00 0.00 0.03 1.53 0.00 0.00 1.94
Air and Sea Transport in Denmark, final Energy 3.89 0.00 0.00 0.00 0.85 2.02 0.00 1.02 0.00 0.00 3.89 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 3.89
Local border Trade (net export) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Military Consumption 3.27 0.00 0.00 0.00 0.00 0.90 0.01 2.36 0.00 0.00 3.27 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.00 0.00 3.27
Total Process Energy 7276 11.72 23.69 0.00 513 26.33 0.33 0.00 2.20 0.06 34.05 0.74 0.00 254 0.02 0.00 3.30 4.98| 4851 6.09 2295| 150.32
Industry 41.43 929 21.69 0.00 3.46 3.56 0.06 0.00 0.92 0.06 8.06 0.00 0.00 2.38 0.02 0.00 2.40 272 40.82 412 19.44| 105.81
Construction 7.86 0.00 0.35 0.00 0.30 6.19 0.04 0.00 0.99 0.00 751 0.00 0.00 0.00 0.00 0.00 0.00 0.57 1.54 0.00 0.00 9.40
Agriculture and Forestry 23.47 2.43 1.65 0.00 1.38 16.58 0.23 0.00 0.29 0.00 18.49 0.74 0.00 0.16 0.00 0.00 0.90 1.70 6.15 1.97 352 3511
Fishery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Consumption of Residential Commercial Sectors 70.77 1.03 29.66 0.00 0.72  19.49 0.03 0.00 1.34 0.03 2162 1.97 0.00 11.99 0.23 4.28 18.46 3.37| 6400 9564 5.56| 235.97
Final Energy Demand for heating: 70.47 1.03 29.63 0.00 072 19.38 0.03 0.00 1.20 0.03 21.36 1.97 0.00 11.99 0.23 4.28 18.46 3.36 533 9564 5.56| 177.00
Electricity and gas use for Appliances and cooking (excl heating) 0.29 0.00 0.03 0.00 0.00 0.11 0.00 0.00 0.15 0.00 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.02| 58.68 0.00 0.00| 58.97
Danish Energy Agency file:  cc_pak

Statistical data 1972 to 1995.

Energy 21 (april 1996) 1996 to 2005: Expected development from all measures implemented or decided.

Energy 21 (april 1996) 2005 to 2030: Expected development from contemplated new measures for the post 2005 period




Energy Balance for Denmark 2030 PJ per Year Scenario: Energy 21, Plan
0 Primary Energy: 0 All

Energy 21, Plan All Coal & Natural | crude Residual Heating Gaso- JP1& LPG  Derived Total Straw  Refuse  Wood Weet Wind&  Total co2 Elec-  District Cogen Final

Fuels Coke Gas Qil oil oil line JP4 Gas Dilproducts Biomass Solar t!enewablemiot CO2 tricity Heat Heat | Energy

[I(E)] 3 4) (5) (6) @ (8 ©) (10) (11) (12) (13) (14) (15) (16) a7 (18) (19) (20) (21) (22)

Net Imports 135.44 8.99 188.12 0.00 544 -57.61 -58.23 5310 -6.54 216 -61.68 0.00 0.00 0.00 0.00 0.00 0.00| 39.10| -40.54 0.00 0.00| 94.89
Domestic Sources 682.07 0.00 10.41| 437.00 0.00 0.00 0.00 0.00 0.00 0.00 437.00] 3357 2210 69.95 19.95 89.09 234.66 0.59 0.00 0.00 0.00| 682.07
Total Supply of Fuels 817.51 8.99 198.54| 437.00 544 -57.61 -58.23 5310 -6.54 216 37532 3357 2210 6995 1995 89.09 234.66| 39.69| -40.54 0.00 0.00| 776.97
International air and marine bunkers 185.92 0.00 0.00 000 7511 5264 0.00 5817 0.00 0.00 185.92 0.00 0.00 0.00 0.00 0.00 0.00| 13.94 0.00 0.00 0.00| 185.92
Nonenergy Uses (23) 12.66 0.00 0.00 0.00 11.64 1.02 0.00 0.00 0.00 0.00 12.66 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.00 0.00| 12.66
Total Domestic Consumption 618.93 8.99 198.54| 437.00 -81.31 -111.27 -58.23 -5.07 -6.54 216 176.74| 3357 2210 69.95 19.95 89.09 234.66| 24.76] -40.54 0.00 0.00| 578.39
Electricity Import correction
Refineries, throughput 0.80 0.00 0.00| 437.00 -95.00 -197.00 -106.30 -8.40 -9.40 -20.10 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80
Total Conversion and Distribution sector 382.25 0.48 152.02 0.00 9.03 0.08 0.00 0.00 0.00 2221 31.32| 3198 2210 4215 19.73 8248 198.44| 10.67|-145.03 -98.57 -35.20| 103.45
Oil and Gas Sector (refineries, Offshore, gasworks) 19.38 0.00 1.32 0.00 223 0.00 0.00 0.00 0.00 1584 18.06 0.00 0.00 0.00 0.00 0.00 0.00 1.15 0.00 0.00 0.00| 19.38
Refineries, own consumption 19.38 0.00 0.00 0.00 223 0.00 0.00 0.00 0.00 17.15 19.38 0.00 0.00 0.00 0.00 0.00 0.00 1.15 0.00 0.00 0.00| 19.38
Offshore fuel consumption including flaring 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Town gas plants, throughput and own consumption 0.00 0.00 1.32 0.00 0.00 0.00 0.00 0.00 000 -132 -1.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity and District Heat Production 362.10 0.48 149.93 0.00 6.80 0.08 0.00 0.00 0.00 6.38 13.25| 31.98 2210 4215 19.73 8248 198.44 9.48(-152.90 -123.22 -35.20| 50.79
(of which used for electric rail) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity production by Wind and Water Power 59.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 59.83 59.83 0.00| -59.83 0.00 0.00 0.00
[Thermal electric Power Plants, Condensing Plants 3.22 0.00 1.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.43 0.42 0.76 0.01 0.00 1.61 0.09| -1.62 0.00 0.00 1.60
Thermal Electric Power Plants, Back Pressure Plants 131.82 0.00 65.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 1752 17.11 31.03 0.33 0.00 66.00 3.75| -52.75 -57.83 0.00| 21.24
Autoproducers of heat and electricity (cogeneration) 84.99 0.00 59.43 0.00 1.10 0.08 0.00 0.00 0.00 6.38 7.55 7.76 0.00 4.37 5.88 0.00 18.01 3.84| -29.03 -2.63 -3520| 1813
District Heating Plants (including Peaking Boilers at Central Heat and Power Plants) 82.24 0.48 23.08 0.00 5.70 0.00 0.00 0.00 0.00 0.00 5.70 6.27 4.58 599 1350 22.65 52.99 1.80 -9.67 -62.76 0.00 9.81
Loss and own consumption in distribution and transmission of electricity, heat and gas 0.77 0.00 0.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 7.86 24.64 0.00| 33.28
Final Energy Consumption 235.88 852 46.52 0.00 4.67 85.65 48.07 3.33 2.86 0.05 144.63 1.58 0.00 27.80 0.23 6.61 36.22| 14.10| 10449 9858 35.20| 474.14
Total Transport Energy 121.15 0.00 4.00 0.00 070 5036 47.77 3.33 0.00 0.00 102.15 0.00 0.00 15.00 0.00 0.00 15.00 7.74 2.10 0.00 0.00| 123.25
Road Transport in Denmark, final Energy 114.43 0.00 4.00 0.00 0.00 47.67 47.76 0.00 0.00 0.00 9543 0.00 0.00 15.00 0.00 0.00 15.00 7.24 0.44 0.00 0.00| 114.87
Rail Transport in Denmark, final Energy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.66 0.00 0.00 1.66
Air and Sea Transport in Denmark, final Energy 3.45 0.00 0.00 0.00 0.70 1.79 0.00 0.97 0.00 0.00 3.45 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.00 0.00 0.00 3.45
Local border Trade (net export) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Military Consumption 3.27 0.00 0.00 0.00 0.00 0.90 0.01 2.36 0.00 0.00 3.27 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.00 0.00 3.27
Total Process Energy 59.37 7.67 21.05 0.00 330 23.04 0.27 0.00 171 0.03 2835 0.34 0.00 1.94 0.01 0.00 2.30 4.02| 41.32 538 28.05| 134.11
Industry 29.06 511 18.89 0.00 1.47 1.34 0.03 0.00 0.39 0.03 3.25 0.00 0.00 1.79 0.01 0.00 1.80 1.80| 33.52 350 24.79| 90.86
Construction 8.80 0.00 0.39 0.00 0.33 6.97 0.04 0.00 1.06 0.00 8.41 0.00 0.00 0.00 0.00 0.00 0.00 0.64 1.68 0.00 0.00| 10.48
Agriculture and Forestry 21.51 2.56 1.78 0.00 149 1472 0.20 0.00 0.26 0.00 16.68 0.34 0.00 0.16 0.00 0.00 0.49 1.58 6.12 1.88 3.26| 32.77
Fishery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Consumption of Residential Commercial Sectors 55.36 0.85 21.46 0.00 0.67 1225 0.03 0.00 1.15 0.03 1413 1.25 0.00 10.86 0.21 6.61 1893 2.34| 61.07 93.20 7.15| 216.78
Final Energy Demand for heating: 55.06 085 2141 0.00 067 1214 0.03 0.00 1.00 0.03 13.87 1.25 0.00 10.86 0.21 6.61 1893 2.32 501 93.20 7.15| 160.42
Electricity and gas use for Appliances and cooking (excl heating) 0.30 0.00 0.05 0.00 0.00 0.11 0.00 0.00 0.15 0.00 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.02] 56.05 0.00 0.00| 56.36
Danish Energy Agency file:  cc_pak

Statistical data 1972 to 1995.

Energy 21 (april 1996) 1996 to 2005: Expected development from all measures implemented or decided.

Energy 21 (april 1996) 2005 to 2030: Expected development from contemplated new measures for the post 2005 period




Annex C: Danish livestock gatidics

1970 1980 1985 1990 1995
Catle 2,840 2961 2620 2,240 2090
Figs 8,360 9,957 9,090 9500 11084
Poultry 19,770 15509 15220 16250 19620

Table C.1. Devd opment in livestock (thousand head), 1970 — 1995.

Catle Figs Fowls other Chickens
Yexr | Hor- | other | Cows |other Sows | Shep | than chickens | for daugh-
%S | than than for tering
Qows DNS daughtering
1990 |38 [1399 |840 8593 |94 [159 5,696 9,802
1991 |32 1379 |843 [8855 |928 188 5067 10,019
1092 |28 1366 |84 9454 |1001 |18 5639 12620
1993 |20 (1357 |838 10527 11041 |157 5517 13,399
1994 |18 1288 |817 [9931 |92 |145 6,931 12023
1995 |18 [1265 |85 (10069 |1015 |145 6,088 12585

Table C.2. Danigh livestock for the years 1990 — 94 (thousand head).




Annex D: Emisson factors

Sour ce Fuel Valid Sul phur sQ NQ ca NO CH NWOC co
cat egor in period| % kg/ G kg/ G kg/ G kg/ G kg/ G kg/ G kg/ G
Public Coal 1972-82 1,00 0,714 0, 400 95,0 0,003 | 0, 0015 0,0015 | 0,010
Power 1983-95 |se note|see note|see note
Orimul sion 1995- 2,00 0, 990 0, 240 80,0 0, 002 | 0, 0030 0,0030 | 0,015
Ref use 1972-95 0, 090 0, 150 117,0| 0,004 | 0,0060 0,0090 | 2,188
1996- 0,025
Straw 1972-95 0,025 0,130 102,0| 0,004 | 0,0320 0,0480 | 0,160
Wood 1972-95 0,025 0,130 102,0| 0,004 |0,0320 0,0480 | 0,160
Resi dual 1972-77 2,50 1,238 0, 240 78,0 0, 002 | 0, 0030 0,0030 | 0,015
1978-88 2,30 1,139
1989- 95 0,92 0, 455
Di esel oil 1972-85 0, 50 0,234 0, 300 74,0 0,002 | 0, 0015 0,0015 | 0,012
1986- 88 0, 30 0,141
1989- 95 0, 20 0, 094
Nat ural gas 1972-95 0, 0003 0, 240 56, 9 0,001 | 0, 0025 0,0025 | 0,020
District Coal 1972-88 1,00 0, 649 0, 200 95,0 0,003 | 0, 0150 0,0150 | 0,097
heating 1989- 95 0, 90 0,584
plants Ref use 1972-95 0, 090 0, 150 117,0| 0,004 | 0,0060 0,0090 | 2,188
1996- 0,025
Straw 1972-95 0,025 0,130 102,0| 0,004 |0,0320 0,0480 | 0,160
Wood 1972-95 0,025 0,130 102,0| 0,004 |0,0320 0,0480 | 0,097
Fish oil 1972-95 0,10 0, 047 0, 100 74,0 0,002 | 0, 0015 0,0015 | 0,012
Resi dual 1972-85 2,35 1,163 0, 150 78,0 0, 002 | 0, 0030 0,0030 | 0,015
1986- 88 1,45 0,718
1989- 95 1,00 0, 495
Gas oil 1972-85 0, 50 0,234 0, 100 74,0 0,002 | 0, 0015 0,0015 | 0,012
1986- 88 0, 30 0,141
1989- 95 0, 20 0, 094
1996- 0, 05 0,023
Natural gas 1972- 95 0, 0003 0,150 56,9 0, 001 | 0, 0040 0,0040 | 0,013
Aut opr oducer |Natural gas 1972-95 0, 0003 0, 250 56, 9 0,001 | 0, 5983 0,0040 | 0,013
I ndustri al Coal 1972-88 1,00 0, 649 0, 200 95,0 0,003 | 0, 0150 0,0150 | 0,097
conbustion 1989- 95 0, 90 0,584
Straw 1972-95 0,025 0,130 102,0| 0,004 |0,0320 0,0480 | 0,160
Wood 1972-95 0,025 0,130 102,0| 0,004 |0,0320 0,0480 | 0,160
Petrol eum 1972-95 0, 680 0, 200 102,0| 0,003 |0,0015 0,0015 | 0,097
Resi dual 1972-85 2,35 1,163 0, 150 78,0 0, 002 | 0, 0030 0,0030 | 0,015
1986- 88 1,45 0,718
1989- 95 1,00 0, 495
Gas oil 1972-85 0, 50 0,234 0, 100 74,0 0,002 | 0, 0015 0,0015 | 0,012
1986- 88 0, 30 0,141
1989- 95 0, 20 0, 094
1996- 0, 05 0,023
LPG 1972-95 0, 00 0, 000 0, 100 65, 0 0, 001 | 0, 0009 0,0021 | 0,013
Natural gas 1972-95 0, 0003 0,100 56,9 0,001 | 0, 0040 0,0040 | 0,013
Resi denti al Straw 1972-95 0,025 0, 050 102,0| 0,003 |0, 4000 0, 6000 | 10, 000
& Service Wood 1972-95 0,025 0, 050 102,0| 0,003 |0, 4000 0, 6000 | 10, 000
burners Petrol eum 1972-95 0, 680 0, 050 102,0| 0,003 |0,0015 0, 0015 1, 000
Gas oil 1972-85 0, 50 0,234 0, 050 74,0 0, 002 | 0, 0070 0,0030 | 0,020
1986- 88 0, 30 0,141
1989- 95 0, 20 0, 094
1996- 0, 05 0,023
Ker osi ne 1972-95 0,01 0, 005 0, 050 72,0 0, 002 | 0, 0070 0,0030 | 0,020
LPG 1972-95 0, 00 0, 000 0, 100 65, 0 0, 001 | 0, 0009 0,0021 | 0,025
Natural gas 1972-95 0, 0003 0, 050 56,9 0,001 | 0, 0050 0,0050 | 0,025
Road Di esel oil 1972-85 0, 50 0,234 0, 251 74,0 0, 004 | 0, 0022 0,0681 | 0,286
transport (Passenger 1986- 88 0, 30 0, 141
1989- 90 0, 20 0, 094
1991 0, 20 0, 092 0, 238
1992 0,13 0, 059 0,243
1993 0, 05 0,023 0, 253
1994 0, 246
1995 0, 246
Di esel oil 1972-85 0, 50 0,234 0,375 74,0 0,004 | 0,0013 0,1129 | 0,418
(light duty 1986- 88 0,30 | 0,141
1989- 90 0, 20 0, 094
1991 0, 20 0, 092 0, 356
1992 0,13 0, 059 0, 362
1993 0, 05 0,023 0,377
1994 0, 366
1995 0, 368
Diesel oil 1972-85 0, 50 0,234 0,984 74,0 0, 003 | 0, 0063 0,1983 1,006
(heavy duty 1986- 88 0,30 | 0,141

continue next page

Emissonsfactors (continued)



1989-90 0,20 0,094
1991 0,20 0,092 0,356
1992 0,13 0,059 0,362
1993 0,05 0,023 0,377
1994 0,366
1995 0,368
Diesel oil 1972-85 0,50 0,234 0,984 74,0 | 0,003 [0, 0063 0,1983 | 1,006
(heavy duty vehicle) [1986-88 0,30 0,141
1989-90 0,20 0,094
1991 0,20 0,092 0,924
1992 0,13 0,059 0,940
1993 0,05 0,023 0,980
1994 0,960
1995 0,961
Gasoline (road) 1972-90 0,01 0,005 0,859 73,0 |0,0023 |0, 0219 1,2426 | 6,972
1991 0,813 0,0030 |0,0210 1,1798 | 6,751
1992 0,780 0,0043 | 0,0204 1,0072 | 6,207
1993 0,724 0,0063 | 0,0194 0,9951 | 5,715
1994 0,634 0,0084 |0,0177 0,8861 | 4,957
1995 0,522 0,0096 | 0,0163 0,7724 | 4,439
2010 0,175 0,0190 |0, 0044 0,2485 | 1,394
2030 0,088 0,0380 |0, 0022 0,1243 | 0,697
Bi of uel 1972-95 0 0,898 0,0020 |0,0192 0,3585 | 1,610
Natural gas (road) 1972-95 0,0003 0,898 56,9 |0,0020 [0, 0192 0,3585 | 1,610
LPG (road) 1972-95 0,00 0,000 0,898 65,0 |0,0020 |0, 0192 0,3585 | 1,610
Other Resi dual oil (sea) 1972-91 3,00 1,485 1,411 78,0 | 0,005 [0, 0018 0,0576 | 0,183
mobi | e 1992 1,80 0,891
sources 1993 2,42 1,197
1994 2,60 1,287
1995 2,79 1,381
Diesel oil (off-road) [1972-85 0,50 0,234 1,439 74,0 | 0,003 [0, 0048 0,2038 | 0,680
1986-88 0,30 0,141
1989-95 0,20 0,094
1996- 0,05 0,023
Diesel oil (fishery) [1972-88 1,00 0,468 1,335 74,0 | 0,005 [0, 0017 0,0545 | 0,173
1989-95 0,20 0,094
1996- 0,10 0,047
Diesel oil (railway) [1972-85 0,50 0,234 1,073 74,0 | 0,002 |0, 0056 0,1817 | 0,333
1986-88 0,30 0,141
1989-92 0,20 0,094
1993-95 0,05 0,023
Diesel oil (sea) 1972-95 1,00 0,468 1,335 74,0 | 0,005 [0, 0017 0,0545 | 0,173
LPG of f-road 1972-95 0,00 0,000 1,249 65,0 | 0,002 [0, 0203 0,3849 | 0,443
Gasol ine of f-road 1972-95 0,01 0,005 0,204 73,0 | 0,002 |o0,3469 4,0457 | 25,461
Gasoline (air) 1972-95 0,01 0,005 0,859 73,0 | 0,002 [0, 0219 1,2426 | 6,972
3.P.1 (air-LTO) 1972-94 0,01 0,005 0,291 72,0 | 0,002 [0, 0044 0,0416 | 0,205
1995 0,292 0,0045 0,0419 | 0,206
Refineries Refinery gas 1972-95 0,00 0,000 0,100 56,9 | 0,001 [0,0040 0,0040 | 0,013
Natural gas, turbine 1972-95 0,000 0,290 56,9 | 0,001 [0, 0185 0,0100 | 0,027
Natural gas, flared 1972-95 0,00 0,000 0,308 56,9 | 0,001 [0, 1615 0,0872 | 0,200
Resi dual_oi | 1972-79 2,081 0,150 78,0 | 0,002 |0.0030 0,0030 | 0,015
International |Residual oil (sea) 1972-91 3,50 1,733 2,153 78,0 | 0,005 |0,0018 0,0576 | 0,183
transport 1992 2,88 1,426
1993 3,12 1,544
1994 3,04 1,504
1995 3,30 1,635
Diesel oil (sea) 1972-95 1,00 0,468 1,335 74,0 | 0,005 [0, 0017 0,0545 | 0,173
J.P.1 (air-cruise) 1972-95 0,01 0,005 0,297 72,0 | 0,002 |0, 0028 0,0260 | 0,020
Note: SO, and NO, emissions from power plants for 1983-95 are measured and not calculated with emission factors.

All commas in figures are decimal

points

If no emission factor is shown it means equal

to the

number

above.




Electricity exchanage

Temparature variations

Annex E: Electricity exchange ad
temperature corrections

Danish CO: inventory adjugted for dectricity exchangeand temperature
variations

In some years Denmark imports congderable dectricity whilein other years
dectridity is exported. The variation is due to changesin precipitation in Norway and
Sweden leading to fluctugtionsin the availability of hydropower.

The CO, emisson inventory indude a correction for this exchange of dectridity. The
correction is done from the assumption thet the dectricity is produced using the
average fuds used a Danish power plants. The corrected emissionis caculated as
follows

H

. . 0,
Emi,,,, = Emi gf[ _H 2.1
Eff, " Eng P

Em - isthecdculaed totd emisson from centrd power plantsin tonnes

H  -istheheat production a the power plants, used for digrict heating in PJ.
En -isthetotd fud consumption a the centrd power plantsin PJ

I - istheimported or exported dedtricity in kWh.

P -istheproduced dectricity at the centrd power plantsin kWh.

Effn - isthemargind effidency of heat production, etimated to be 2.0.

The correction for dectricity exchange isintended to aosorbe fluctuations due to
varying avalahility of hydropower in Norway and Sweden causad by varying
precipitation. The correction method assumesthat al the actud variation in net
exchange hasthis origin. However, the pattern seen in the latest years might indlude
amore systematic change in the dectricity exchange. In order to seperate such
systematic changes from the fluctuations due to precipitation, work has been initiated
on developing arevisad correction methodology, which will guaranty thet the
gudments seen over severd years, will be without sysemétic biss

Climate varigtion imply not only avariation in eectricity exchange but dso inter-
annud fluctuationsin domedtic energy consumption dueto variation in outsde
temperature. Consaquently, correction for the impact of outsde temperature variation
hes been gpplied aswell.

The energy consumption for space hedting in the sarvice sector and in householdsis
corrected for variationsin outdoor temperature. Also consumption of didtrict heet and
20% of the consumption of oil and naturd gas used in indudtry is corrected.

Corrections for temperature variation is made by gpplying a correction factor to dll
Spece hedting demands and the corresponding implied fudl consumption in the space
heating, power and digtrict heating sectors. The correction factor isbased onthe
number of degree-daysfor the gpedific years, compared to the average number of
degree days for along period of years Theinformation source isthe Danish
Technologica Indtitute.

The number of degree days for each year during the period 1990 to 1995 isshown in
Table E.1. From the number of degree days, a correction index is caculated,
assuming that 50% of the heat consumption depends on the outdoor temperature,
while the other 50% isindependent of the temperature (heat used for eg. hot tep
wder).



Year: Nomd 1990 1991 1992 1993 1994 1995
yex

Degreedays 2691 20903 2615 2530 2697 2617 2692

Corr. factor 1 11249 10338 10300 09989 10139 09%97

Table E.1. Number of degree days and the corresponding correction factor for each
year 1990 - 95.

The corrections for dectricity exchange and for outsde temperature varigtion are
only significant for the CO, emissions and have therefore only been gpplied to these
emissons




Annex F. Description of energy-rdated
Acdts and measures

F.1 TheElectridty Supply Act

The Act ddfinesthe rules for accounting and tariff-setting (essentialy defining -
dectricity supply asanon-profit business) and sststhe regulatory framework for the
sector. The Act —origindly from 1976 — dso enablesthe Minister of Energy to order
dectricity supply companies to use pecific fuds and specific modes of generation.
The "modes of generation” can be used to ensure that new capadity isin the form of
combined heat and power plants, wind turbines, ec.

In 1985, it was decided not to use nudear power in Denmark.

Thesame year, the Miniger of Energy and the power companies sgned an
agreement securing the condruction of 100 MW of wind power cgpadity before 1991

In 1986, fallowing an agreement between the government and the mgor oppasition
party, the power companies agreed to build 450 MW of smal-scae combined heat
and power plantsfudled by natura ges and (other) indigenous fuds (wood chips,
graw, municipa solid waste and bio ges).

In 1990, after agmilar agreement, the power companies agreed to etablish another
100 MW of wind capedity before 1994.

In March 1992, Parliament passed aresolution, to beimplemented by the Minigter of
Energy, according to which:

Electricity utilities shdl be urged to set up targets for energy conservation and assess
the fulfilment of the targets, and dectricity utilities shall undertake fud subgtitutions
—from cod to naturd gas and bio-mass—which are necessary to achieve the target of
areduction of 20% in COemissons by 2005.

Furthermore, in an agreement of June 1993 between the government and three
oppogtion parties, it was decided that by the year 2000, power companies must
utilise 1.2 million tonnes of straw and 0.2 million tonnes of forest residues per year
(totaling about 19 PJ per year), primarily in large cod-fired power plants Asan
dement of the new energy action plan Energy 21 more flexibility will be provided for
the utilities regarding the concrete use of biomassin the centrd power plants.

A new planning method for the utilities, Integrated Resource Planning (IRP), wes
introduced in 1994 by an amendment to the Electricity Supply Act. IRPisalesst-cost
planning method that takes account of dl options for meeting aprojected increesein
dectricity demand, induding energy effidency programmes. In December 1995, the
utilities reported the results of thefirgt round of IRP to the Energy Authorities
Although the method is dill to be improved, theinitid results show that expectations
to IRP as an indrument to promote enhanced energy effidency and energy
consarvation have been fulfilled.

Late November 1995, the Parliament passad ahill concerning the accounting price
which the utilities must offer independent producers ddivering power to the network.
Thisinitiative ensures that accounting practice in the utilitiesis based on long-term
avoided cogts such thet the utilities— having the network monopoly — cannot set
barriersfor the establishment of small-scde CHP as an indrument to reduce CO.-
emissons



In February 1996, the Miniger for Environment and Energy announced anew
agreement with the main dectricity utilities to establish an additiond 200 MW wind

cgpadity during the next four years.

In March 1997, the Government announced a coal stop, implying that new capacity
in the power sector based on cod will not be permitted.

Pardld to the new energy action plan Energy 21 the Government has darted a
reform of the legd and economic framework of the Danish dedtricity and CHP
sector. Asafirg gep, Parliament passed an amendment to the Electricity Supply Act
in May 1996. In the new system, private companies and digtribution companieswith
an annud dectricaity consumption of more than 100 GWh will have third party access
to thegrid. The proposa correspondsin principle to a 90% opening of the Danish
dectricity market. However, the companies are required to pay for public service
obligationsin line with the EU directive. Thusthe environmentd tasks rdated to the
fulfilment of Energy 21 are ensured by refunding the dectricity producer a
proportiona part of the expenditure arigng from environmenta tasks The fundsfor
refuson are recovered from dl consumersin Denmark through an obligation for dl
consumersto purchase afar share of “green” dectricity or dternetively pay afar
share of the cods. This contribution is collected when the network is used to tranamit
the power.

The new sysemwill comeinto force fallowing afind gpprova by the EU
Commisson.

F.2 TheHeat Supply act

The Heet Supply Act requires municipa coundilsto draw up hedling plansto
determine the future supply of energy for hegting based on socio-economic criteria,
available supply options and government guiddines

The options to be chasen through the planning processindude individud hesting or
collective hegting, i.e. piped natura gas or digtrict heating sysems.

For didrict heating, the method and the fud for the heet production have dso to be
defined. In addition locd energy resources such as straw, forest residues, indudtrial
waste heat, wagte incineration and biogas have to be examined.

To ensure proper coordination of large-scae digtribution of gas and digtrict heating
from power plants, the regiond authorities mugt be involved in the planning process
together with the public, the energy supply companies and other rdevant parties,
such aslocd fud producers. Congruction projects envisaged in the plan must
ubssquently be carried out in accordance with atime schedule spedified in the plan.
Locd authorities may make consumer connection to a collective system and integra
tion of exiding heating plantsinto the system mandatory. Moreover they may pro-
hibit the ingdlation of certain forms of hesting (i.e. dectric heating) in areaswith
collective supply sysems (digtrict heating or gas). In 1988, this prohibition was mede
mandatory.

The Miniger of Energy can define the framework for the planning (which fudsand
methods to condder, planning methods and deedlines). During the 1980s planswere
drawn up for dl 275 munidipdities and the necessary didribution sysemsfor gas
and digrict hesting built or extended. Thisresulted in abig increasein the market
share of collective hedting and a corresponding decrease in individud heating (main-
ly heating ail). In addition, the use of ail & digrict heating plantswas dmost dimin-
ated through subgtitution by locd biomassfuds, waste heat and neturd ges.

In 1985, the Minigter of Energy decreed that no new cod-fired didrict heating plants
wereto be built. In 1990, it was decided that gpprox. 300 didrict heating plants out-
sdethelarge combined heat and power areas of the big dties should be converted to



CHP plants based on naturd gas, biomass or waste incineration during the 1990s
with the expected result of adding about 1,200 MW generating cgpecity by the end of
1998. By early 1994, about 800 MW of this capacity was running, the figure
increesing to goprox. 1000 MW by late 1995.

F.3 Energy-rdated measures, by sector

F.3.1 Resdential, induding public sector

Aspat of Energy 21, anew legidaion wasintroduced aiming & promoting energy
and water savingsin buildings Thisrequiresthat dl buildings from 1997 onweards
should be energy labdled and thet owners draw up an energy plan. Modernised
consultancy sarvices regarding building energy plans and energy consarvetion will
upport these efforts Basad on an evauation of the existing consultancy schemesfor
buildings, new schemes are implemented from 1997 modernisng the following
schemes

Heating ingoectionsand ener gy certificates

Since 1981, ascheme for auditing of exigting buildings has been in forceinvolving
identification of measureswith lessthan 8 to 10 years Smple pay back time (in
consumer prices). The audits are offered by specia date-authorised energy
consultants. Following implementation of al the messuresidentified, an energy
cartificate isissued. In the period 1981 — 84 heating ingpection was combined with a
grant scheme. In thefirdg year of the scheme, a heating ingpection was a precondition
for agovernment subsdy for heat savings messures. Herefter, hegting ingpection
was asubddisad option, and in the last period of the grant scheme, hesting
ingoections recaived 80 — 100% subgdies Since 1935, the provison of aheding
ingpection report or an energy certificate has been mandatory when abuilding
changes hands (dthough no sanctions were implied).

For small buildings under 1,500 nv* energy labdlling will be mandatory from 1997,
when the building is sold. Thelabe will make it eesier for potentia byersto compare
buildings and to evaluate their energy consumption.

Annual ingpection of amall ail burners (OR-scheme)

Since 1979, annud ingpection of the then 900,000 amdl ail burners (up to 120 kW)
used in centrd hedting systems, has been mandatory. The ingpection was carried out
by authorised firms— chimney sweegpers or ol burner maintenance firms— by persons
who have atended agpedid course Thisingpection scheme will be extended to
induded dl ol burnersby 1 January 1997.

Conaultancy schemefor large buildings

In 1981, an annud ingpection scheme was implemented for ol burners exceeding
120 KW. Thiswas later extended to large gas burners aswell as didrict hegting
ingtalationsin buildings with more than 1,00 nT hested area. The schemeinvolves
cooperation between authorised consultants and the local manager of the hedting
ingdlation. Thelocd manager regularly compiles datawhich are checked by the
conaultant for inefficient performance. Once ayear, the consultant ingoectsthe
inddlaion and ingructs the local manager in energy-efficient operation of the
ingalation.

Thisscheme will be extended and replaced by a consultancy schemefor large
buildings.

For large buildings (large ingtdl ations) the existing scheme will be integrated with
initiatives ensuring wider use of locd energy management in buildings. The
ingpection scheme will be further extended to indude use of cold water and
dectridity, i.e dl usage of energy and water in dl buildings covering more than



1,500 n7. It will be mandatory to have an energy labd and an energy plan that hasto
be updated once ayear. Theinitiative will be supported by an information campaign.

Since 1992, energy management and annud reporting on energy consumption have
been mandatory in every building used by the State (centrd adminidration and Sate
inditutions, defence, and gate-owned entities like the railways, etc.). Locd energy
managers mugt be gppointed in every inditution. A gpedid conaultancy sarvicefor
energy audits and assstance, computer programmes etc. are offered to the managers
Coordinated purchase of office equipment of high energy sandard is encouraged.

The posshilities for financing investments in energy-saving measuresin central
government buildings are being improved by through apecid grant schemetotdling
USD 1.4 million per year. Besdes the energy tax, the governmentd inditutions have
to pay agpedd tax of 5% of thair energy expenses.

ousbuvinain the oubli

Thisinitiative isamed a getting centrd and locd government authorities to pursue
amore energy-conscious buying policy, espedialy with respect to dectricd
eguipment and gppliances. The Danish Energy Agency co-operates with the Danish
EPA to enaure that due condderation is accorded to environmentad and energy
agpects when products are bought by government authorities. Information materia on
energy consumption of the best products on the market is digtributed to the public
purchesers.

The government will improve the incentives to implement energy consarvation in
public buildings. Among other things, this can be achieved by ensuring that a
proportion of the money saved on the energy hill can be used for other purposes.
Locd commitment should be ensured a the county and municipd leve. They shdl
promote energy-saving efforts at the locd leve, induding the introduction of “green
accounts’. In addition, it isintended to promote the use of third-party financing of
the implementation of energy-saving measuresin the public sector.

6. L uxury hdiday hames
An information campaign targeted at owners, lessees and users of [uxury holiday
homesin thetourig sector isbeing launched to ensure that condderation is paid to

energy consumption in connection with the ingdlation and use of inddlaionswith a
high energy consumption (jacuzzis, snvimming pools, Solaria, etc.).

From 1993 State subgdies have been granted to energy-saving mesauresin dwelings
inhabited by pendonerswith low incomes and rdative high billsfor heating.
Subddies of up to 50% of invesment codts can be obtained up to a maximum of
USD 3,600 per dwdling. Approx. 5,000 houses are granted subsdies eech yeer & a
totd cogt of gpprox. USD 7.1 million per yesr.



8.CO, tax (tax and subgdies—the CQ, laws)

Following the former energy plan from 1990, Energy 2000, a packet of new lavswas
approved, introducing a CO,-tax and anumber of subsdy schemes recyding some of
the revenue for various energy-saving meesures

“Act on a Carbon Dioxide Tax on certain Energy Products’ and “ Adt on Change
of Tax on certain Oil Products’, “ Act on tax on Coal, Ligniteand Cokeec’,
“Act on Tax on Eledtridty” and “ Act on Tax on Gas’, of 21 December 1991

The Act implemented a CO.-tax on ail, cod and gas of gpprox. USD 14,300 per Gg
o CO.. Thetax isfully paid by households and the public sector, while industry and
the commerdd sector were origindly entitled to a50% or more refund. The Act has
entered into force on 15 May 1992 for households and the public sector, and 1
Jeanuary 1993 for industry and the commerdid sector. (Taxesfor indudtry and the
commerdd sector have been changed from 1996 — see No. 11, below). For dec-
tricity, the Act inditutesa CO-tax of USD 0.014 per KWh, roughly corresponding to
USD 14,300 per Gg of CO, emiitted in the production of the dectricity.

Asasubsdy scheme connected to the CO, Acts (No. 8), thisAct grants subsdies for
ingdlation of water-borne centra heeting in dwellings erected before 1950, mativa:
ted by connection to CHP-supplied digtrict hegting networks (mainly in the centres of
thelarge dties), totaling up to USD 214 million over 10 years The edimated impact
is the connection of around 65,000 dwellings. Apart from the CO. and energy sav-
ings obtained by changing to CHP-derived hest, converson aso contributes to lower
S0, and NO, emisson levesin the dities

The generd tax reform phasad in during the period 1994 — 98 hastheaim of
introducing agradud shift of the weght of the tax sysem away from taxing earned
income towards taxing the consumption of scarce resources and pressure on the
environment. Thetax reform involves agradua increase of green taxes, primatily in
the household sector. The main increese in energy taxes gpplies for cod and
dectridity, and in the average tax on household heating will increase to gpprox. USD
86,000 per Gg CO... Thetax reform'sincreases in green taxes do not gpply to energy
use by enterprises A series of new initiatives has therefore been introduced to come
into force from the beginning of 1996 and to be phased in during the subssquent
years (seeNo. 11, bdow)

F.3.2Indugry and Trade

The Danish energy tax on indudtry has been revised o asto improve energy
effidency inindudry. The new legidation which entered into force in January 1996,
introduced different carbon tax ratesin the indugtry for room heating, heavy
processes and light processes. The tax rates are to be gradudly increased from 1996
to 2000. All of the revenue raised by the tax will be recyded to the indudry through
extended possihilities for investment grants and through a reduction of the socid
security contribution paid by the employers. A number of energy-intensve companies
will recaive arembursement, provided they agree to implement energy efficency
messures under agreements negotiated between the individua companies and the
Danish Energy Agency. If the companies do nat fulfil the agreements,
reimbursements dreedy paid will have to be returned and the tax will beimposed in
full. Together, the energy and the carbon tax on room heeting will gradudly be
increasad to the same leved asfor households, an average of gpprox. USD 86,000 per
Gg CO.. Theratesfor light and heavy processes are Somewhat lower. A sulphur tax



corresponding to USD 1.4 per kg SO, was do introduced. The revised energy and
carbon tax system rdaed to the indudtry is estimated to reduce totd CO, emissonsin
Denmark by about 5%. The new system will be reviewed in 1998.

Asan dement of the CO, Acts (No. 8), this Act defined the conditions for partid
refunding of CO.-taxes, which islinked to the implementation of energy audits and
energy management. The scope of the Act isto ded with the gpedid problems of
energy-intensive industries caused by the nonHimplementation of CO.-taxesin other
countries This subsdy scheme was changed from 1 January 1996 in accordance with
the new CO.-taxes and agreements on energy audits for industry (see No. 11, above)

Asan demant of the CO, Acts (No. 8), thisAct implements agenerd subsdy
schemeintheindudrid and commercid sectors Grantsfor large projects are limited
to 30% and are based on an individud evauation. Smdler projects can recaive 26%
if the measures are gandard measures defined for gpedific indudtria or commercid
branches. Energy audits may receive 50% support and information campaigns 100%.
With the new taxes on energy consumption in industry and the commercid sector,
the generd subsdy schemeisincreasad from USD 28.6 million in 1995 to gpprox.
USD 100 million per year until the year 2000.

F.3.3 Energy trandor mation sector

Asan dement of the CO, Acys (No. 8), asubsdy of USD 0.014 per kWh dectricity
isgranted for CHP-plants based on naturd gas or renewable energy. The subsdy isto
compensate for the CO.-tax |evied on the consumer's dectricity price, rather than on
themain fud (cod) used for dectricity production. An additiond subsdy of USD
0.024 per KWh can be obtained for dectricity produced by wind turbines or from bio-
meass. For CHP plants basad on natura gasthe rate of USD 0.014 per KWh will be
reduced to USD 0.01 in 1997 in combination with specid compensating subsidiesto
economicaly vulnerable projects

Asan dement of the CO, Acts (No. 8), this Act encourages the converson of cod-
fired digtrict heating plants to combined heet and power plants based on naturd gas,
wadte or biomass, and the use of biomassin areas not supplied by naturd gas, large
exiging combined heat and power plants or heet from weste incineration. Subsdies
of up to 50% of investments can be obtained, but typica grants arein the range of
15% to 25% of invesments Subsdies amount to up to goprox. USD 7.1 million
annudly.

Thissubsdy scheme dso enables subgidiesto be granted for service pipes, both in
exising biomass-based CHP digricts and didrict heating networks planning to
convert to biomass-based CHP and in connection with completdy new biomass-based
CHP supply networks (bare-fidd projects).

Asan dement of the CO, Adts (No. 8), this Act implements asubsidy schemefor
extending and renovating digtrict hegting networks supplied from large centra power



dations Grants up to 50% are given for renovetion of existing networks, and grants
up to 100% for new networks. The subddiestotal USD 0.2 million over 6 years. In
the case of subgdiesfor new neworksit isacondition that thelocd municipdity
miakes connection to the network compulsory. These subsdieswill ceese by theend
of 1997.

nd e

To enaure that an adeguate number of new stes for wind turbines can be found to
reach thetarget of 1,500 MW inddled by the year 2005, the government has
demanded thet municipditiesintegrate plans for future wind turbine Sting, into locd
zoning plans Planswerefindisad in many municipditiesby 1 July 1995. The
planning procedures will continue to ensure thet dl municipalities comply.

A sudy has been mede of the gepstaken in the various munidpditiesto increase
connection to digtrict heating. The results are summarised and communicated to the
munidpditiesin the form of a catdogue of ideas

Since 1981 government subddies have been granted for renewable energy @ an
amog congant leve of about USD 21.4 million per year. About 40% of the subddies
have been given as generd subsidies covering up to 30% of investment codt for the
purchase of equipment thet has been gpproved by one of the tes-gtations for renew-
able energy (test gationsfor wind, solar energy, biomass and hest pumps). Subgdies
have been diminated completely or partialy (examples biomass burnersfor digtrict
heating and wind energy, for which subsdies have been reduced from 30% to 0%)
following successful achievement of market penetration. Another 40% of the funds
has been granted to pilot- or demonstration projects, and has been used to bring
sverd technologies to market maturity, Sarting with wind farms, continuing with
large didtrict heating stations for wood and straw, and large biogas plants The focus
isnow on biomass-basad co-generation and gasification. From experience, repetition
of projectsin numbers of 6 to 10, geographica digperson, and location in redidtic
organisationd and economical environments, are very effective means of

acod erating the necessary technologica deve opment and the subsequent market
teke-up. Thefind 20% of the funds are used for badic activities eg. test gationsand
information.

As pat of the State Budget for 1997, some of the subgdies are earmarked for the
development of new technologiesin renewable energy, among athers wave energy
and offshore wind turbines.

F.34 Crosssectoral

Sarting in 1976, the nationd energy research programme expanded rapidly. From
1981 to the present time, government funding has been of the magnitude of USD 17
—21 million per year. Energy consarvation and renewable energy have hed alarge
share of the programmes. In the present programme, increased emphiagisis given to
eectricity conservation, biomass combustion, wind energy and super conductors.

The energy research and deve opment programme supplements funding from other
government sources (gpprox. USD 21 million per yeear), from the EU (gpprox. USD 5
million per year) and from industry and utilities (gpprox. USD 43 million per yeer).
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The code for new buildings has been tightened in severd seps. The Building
Regulation of 1977 introduced Sricter insulation requirements from 1979. In 1985,
the Regulation for sma| buildings was modified to dlow flexible solutionswithina
tota limit for heating and ventilation (in terms of maximum net heating reguirement
per n), among other things the intention being to encourage incressed use of passve
solar concepts

Asdecided in the previous energy action plan Energy 2000 anew code has been
introduced, which will cut an additiona 25% of net heating demand, reducing it to
about 70 KWh per n’ per year. The code also sets limits on dectricity consumption
for ventilation and will enforce low temperature hegting systemsin order to increese
the efficiency of various heat supply sysems, such as didtrict hegting systems,
condenaing bailers, solar energy and heat pumps. The new code entered into forcein
May 1995.

A planned further reduction to haf of the present leve, i.e to 45 kWh per nis
scheduled to enter into force around the year 2005. Deve opment work by building
companies and research inditutions to thisend is being pursued. Buildings
repecting thislimit through combined exploitation of passve solar techniques,
insulation and coated glazing are dready being built.

fid itiesof the dectric utilit

The Danish power digtribution companies, which are @ther consumer-owned or
publicly owned, have established extengve informeation and consultancy schemes
recognised asanaturd activity by the regulatory authorities Mogt companiesare
involved in locd information activities directed towards consumers and educationd
inditutions and offer a certain basc package of conaultancy on dectricity savings
free of charge. Other initiativesincude arrangements with stores and dectriciansto
upply low-energy light bulbs to consumers funded viathe dectricity bill, schemes
for distributing low-energy bulbsto dl their cusomersfree of charge, or for buying
back old, inefficent gopliances when new effident ones are sold.

A large project for determining methods to be used for implementing integrated
resource planning (leest-cogt planning) has been carried out by the sector, inthe
framework of the EU's SAVE Programme.

A new Coundl was established in goring 1996 to act as an advisory body to the
Government and the Parliament and to provoke debate and cregte new idess. The
Coundil isindependent, and indude experts from important sectors and
organisAtions It isamerger of two previous coundls pertaining to dectricity savings
and renewables

24, Energy labdlling

An extendve scheme for energy labdling of gppliances was natified to the EU by the
Danish Government in April 1990. In August 1991, the EU Commission presented a
Directive for energy labdling to the Councl of Minigers An EU Directive for
labdling of thefirg category of appliances (freezers and refrigerators) entered into
forcein January 1995. EU Directives for washing mechines and dryerswere

implemented in October 1996. Directives for ather mgor household gppliances and
light sources will follow.

A Danish sysgem for informing consumers of the dectricity consumption of various
gopliances and for fadilitating easy comparisons between different competing
products (so-cdled energy arrows) has been devised by the utilities with support from



the government. These complete market ligts of various consumer gppliances work
with and supplement the labdling scheme.

i -

The Danish Parliament has gpproved an Act empowering the Miniser of Energy to
<t efidency gandards for dectrica gppliances and other equipment. The schedule
and effidency improvements envisaged are asfollows

For household gppliances, dandards are foreseen for refrigerators/freezers, washing
meachines, dishwaghers tumble dryers, dectric Soves, lighting, eguipment with a
dand-by fadility such as TVs and water beds. Effidency sandards for refrigerators/-
freezers were adopted in 1996 as EU-wide andards and will become effective from
late 1999, bringing effidency improvements of 15% compared to the 1992 market.
The Directive does not indlude a second phase. For wiashing machines and
diswashers, phase 1 was expected to enter into effect in 1996 and will imply
exdusion of 50% of the modd s that were on the market in 1993. Phase 2 will gointo
effect in 1999 and will be desgned to minimisetotal discounted cogt (see below). For
other domedtic gppliances, phase 1 was scheduled to go into effect in 1999, and phase
2in2002.

For manufacturing companies and the public and private sarvice sectors, it is
foreseen that sandards will be introduced for refrigerators/freezers, washing
mechines and dishwashers, office equipment, lighting, eectric motors, process
ventilation, pumps, boilers and technicd insulaion. Phase 1 was expected to gart in
1996, and to be in effect for al the gppliances mentioned before 1998.

Thefirg two draft executive orders under the Act regarding washing mechines and
diswasherswere natified to the EU in August 1994. The palitical reaction from the
Commission and severd Member States was quite negaive. An andysis under the
revised technica basswill be mede as soon as possble and adecison will
ubsequently be established on the further process depending on the palitica
Stuation in Europe.

Hitherto experiences and difficultiesin the actua implementation of Sandards
impliesthat the above schedule and the levels of efficency improvement expected
will haveto be revised.

ivid :

The Minigry of Housng isin aprocess of isuing new regulaions concaming
metering and accounting of the use of dectricity, didtrict hegting, gas and weter.
Individud metering of the use of resourcesin buildings has become mandatory in
new buildings from 1996 and in exidting buildings from 1997.

E ive deciridity bill

Thisinitiative comprisesin introducing informetive dectricity billsfor households
and for cusomersin the public and private service sectors. Theinitiative will indude
more frequent meter reedings, regular billing of actua consumption and graphic
presentation of the customers dectricity consumption. The Danish Assodiation of
Power Companies has gppointed aworking group to prepare the practica
implementation of informative dectricity hills. The group reported in February 1994.
Theinformetive dectricity bills are currently being implemented by the utilities

Thisinitiative means that the campaigns run by some power companiesfor
replacement of dectrica gppliances (particularly refrigerators and freezers and low-
energy lighting) will be expanded into longer or permanent schemes'campaigns
covering consumers throughout the country. The schemes can dso be expanded to



cover other types of gppliances Danish power companies have carried out a
uccessful country-wide replacement campaign for freezers. Possbly more country-
wide campaignswill be carried out in the future for other types of gppliances.

nodubsand| i

Thisinitiative congstsin organisng buying dubs, eech composed of usarsof a
specific product —for example, housng assodiations, large companies, and retall
chains The buying dubs draw up grict requirements concerning the product's energy
efficiency, price, materids, etc. The manufacturer that best meets these requirements
is rewarded with guaranteed sdes of the product in question. Thisinitiative worksin
two ways— it influences the buying process and promotes the deve opment of more
energy-effident equipment. In 1997, initigtives will be taken to organise buyer
policies within housing associaions Emphagswill be on demand of the mogt
efficient appliances on the market. Later the initiatives will be extended to indlude
demandsfor better products than those dreedy on the market.

A pilot project for supplementary training of gore personnd to motivate them to use
the EU'senergy labdling of kitchen hardware as an active sdlling tool was carried
out in 1994. The experience from the project was used as the bagis for aproper,
country-wide supplementary training scheme when the firgt EU energy labd was
brought into effect in early 1995 and disseminated to dl EU countries

In 1994, the Government passed an amendment to the Heet Supply Act thet encbles
the scope of the ban on dectric heating to be extended to indude aban on the
converson to dectric heating of existing buildings Stuated within adigrict heating
or naturd gas supply network.

Thisinitiative comprisesin getting exigting buildings with dectric heating converted
to didrict heating or natura-gas hegting. This converson will promote dectricity
savings and better utilisation of the didtrict hegting and naturd gas networks
Converson is advantageous both from a generd socio-economic point of view and
environmentdly.

Convergon from dectric heating to digtrict heating or netura gas hesting requires
ubgtantid invesmentsin the buildingsin question for indallation of a central
hegting sysem. To overcome this barrier to converson, asiae subsdy sysem has
been established.

Electricaly hested buildings for usein industry and trade can recaive subsdies for
converson to centra hegting by means of the generd subsdy schemefor energy
savingsinindugry (Nos11 —13).

In 1995, the Act on State Subddies for Converson of Electricaly Heeted Buildings
was pasad. ThisAct, which camein force on January 1 1996, enables subddiesto be
given for theingdlaion of centrd heating in dectricaly hested dwellingsand
public buildingsin areas not presently supplied with digrict hegting or netura ges.
The immediate subdtitute will be oil-heating, but additiond subsidies may be givento
convert to biomass hedting etc. This grant scheme for supporting converson from
dectricd heating to centra hegting (especidly in combinaion with renewable
energy) amountsto USD 8.6 million annudly.

A new subsdy scheme has been established for theingdlation of didtrict heating or
natural gas heating in dectricaly heated dwdlings and public buildings. These
subsdieswill be used in aress presently supplied with digtrict heating or naturdl ges.



Thisinitigtive is expected to come into force in 1997. The proposed subsidy will be
managed by acommittee composad of representatives of consumers, interest groups,
utility companies and the Government. The committee will be named Eledtricity
Savings Fund, and members are to be gppointed by the Minigter for Environment and
Energy. The fund will dso be charged with granting subsidies to promote energy
efficiency in dectrica gppliancesin dwdlingsand public inditutions USD 7.1
million will be st asde for the schemein 1997. From 1998, the scheme will be
finenced by afixed anount of USD 0.0086 per sold KWh.

The potentia for converson of dectricdly heeted buildingsis estimated to be
approx. 50,000 buildings in areas supplied with didrict hegting or naturdl gasand
gpprox. 25,000 buildingsin areas not supplied by these sources

Asproposad in Energy 21, anew subsdy schemewill be established in 1997. The
amisto grant subdgdiesfor the deve opment and implementation of energy-efficient
appliances and products, espedidly in dwdlings and the public sector. Subgdies will
amount to USD 6.4 million per year and will dso be granted for marketing and
procurement of energy- effident products



Annex G. Economic fud prices

C.I.F. - prices. (imported fuels). Fixed 1995 prices.
Crude oil Crude oil |Natural gas | Coal Fuel oil Gas oil _|Petrol DKK/US$
US$/bbl US$/GJ |US$/GJ US$/GJ US$/GJ US$/GJ |US$/GJ
1995 18 3,10 2,48 1,61 2,33 4,08 4,32 5,6
1996 19 3,27 2,65 1,66 2,48 4,28 4,52 59
1997 20 3,44 2,82 1,71 2,63 4,48 4,71 6,2
1998 21 3,61 3,00 1,76 2,78 4,68 4,91 6,5
1999 22 3,79 3,18 1,82 2,94 4,88 5,10 6,5
2000 23 3,96 3,36 1,87 3,09 5,09 5,30 6,5
2001 24 4,13 3,55 1,89 3,25 5,30 5,51 6,5
2002] 25 4,30 3,74 1,92 3,40 5,50 571 6.5
2003 26 4,48 3,94 1,94 3,56 571 591 6,5
2004 27 4,65 4,14 1,96 3,75 5,89 6,09 6.5
2005 28 4,82 4,34 1,99 3,94 6,07 6,26 6.5
2006 28 4,82 4,34 1,99 3,94 6,07 6,26 6,5
2007 28 4,82 4,34 1,99 3,94 6,07 6,26 6,5
2008 28 4,82 4,34 1,99 3,94 6,07 6,26 6,5
2009 28 4,82 4,34 1,99 3,94 6,07 6,26 6.5
2010 28 4,82 4,34 1,99 3,94 6,07 6,26 6,5
Economic fuel prices (including transportation costs), US$/GJ at place of consumption
Fixed 1995 prices.
Natural gas | Coal* Fuel oil | Woodchips| Waste Straw | Woodchips | Energy Gas oil Petrol JP1&4
and pellets | combustion and pellets | crops
Ex. network | At power| At plant At plant Atplant | At plant At At plant At At At
station consumer consumer | consumer| consumer
1995 2,90 1,81 2,97 2,40 -3,57 2,96 3,67 4,47 5,98 6,22 5,98
1996 3,05 1,85 3,08 2,26 -3,39 2,81 3,46 4,23 6,08 6,32 6,08
1997 3,20 1,90 3,20 2,13 -3,23 2,67 3,27 4,01 6,20 6,43 6,20
1998 3,36 1,94 3,33 2,02 -3,08 2,55 3,10 3,82 6,32 7,00 6,32
1999 3,54 1,99 3,48 2,00 -3,08 2,55 3,09 3,81 6,52 6,74 6,52
2000 3,73 2,05 3,64 1,98 -3,08 2,55 3,07 3,80 6,73 6,94 6,73
2001 3,92 2,07 3,79 1,96 -3,08 2,55 3,05 3,79 6,93 7,14 6,93
2002 4,11 2,09 3,95 1,94 -3,08 2,55 3,03 3,78 7,14 7,34] 7,14
2003 4,30 2,12 4,10 1,93 -3,08 2,55 3,02 3,78 7,34] 7,54 7,34
2004 4,50 2,14 4,30 1,91 -3,08 2,55 3,00 3,77 7,53 7,72 7,53
2005 4,70 2,16 4,48 1,90 -3,08 2,55 2,98 3,76 7,70 7,89 7,70
2006 4,70 2,16 4,48 1,90 -3,08 2,55 2,98 3,76 7,70 7,89 7,70
2007, 4,70 2,16 4,48 1,90 -3,08 2,55 2,98 3,76 7,70 7,89 7,70
2008 4,70 2,16 4,48 1,90 -3,08 2,55 2,98 3,76 7,70 7,89 7,70
2009 4,70 2,16 4,48 1,90 -3,08 2,55 2,98 3,76 7,70 7,89 7,70
2010 4,70 2,16 4,48 1,90 -3,08 2,55 2,98 3,76 7,70 7,89 7,70
* Orimulsion is assumed to comply with the coal price added a 4.75% supplement
1) Fixed prices are assumed from 2005 to 2030. I [
2) The price of energy crops is assumed to be 10 DKK/GJ highter than the average of straw and wood prices.
3) The price of JP1 & JP4 is assumed to be equal to the price of gas oil. | [ ]




Energy taxes

Consumer prices

Energy and CO; taxes

Greentax reform

Annex H: Description of the Danish energy-
, fud- and vehiclestax system

Energy price leves have asgnificant impect on the efficiency improvements and the
ubdtitution passihilities between fuds that the economic agents of the economy will
enter into voluntarily, or may be dimulated to enter into, by various government
policies

In Denmark, especidly in the resdentia sector, energy taxes have been implemented
on foss fudsthrough fud taxes and on dectricity through taxeslevied on
consumption. The ensing energy savingsin the resdentia sector, reldive to other
sectors, isagrong indication of the efficiency of high energy prices as an ingrument
for reducing energy consumption.

When internationd fud pricesfdl in the middle of the 1980s, consumer pricesfor
private consumers were kept high in Denmark by fud tax increasesin order to
udan the longterm energy policy. Despite this, most consumer prices havein fact
been dedlining in red terms, since the beginning of the 1980s.

Until the beginning of the 1990s, indudtry and the commerdd sector have largdy
been exempted from energy taxes, mainly for reasons of internationd
competitiveness

After the energy taxation reformin 1993, arather daborate sysem of taxeswas
replaced by acombined energy and CO; tax. Thelevd for private householdsis USD
14,000 per Gg CO,, or gpprox. USD 5.7 per GJ. Indudry and the commerdd sector
only pad the CO--tax, and received a 50% tax reduction. Dueto specid
reimbursement for energy-intendve enterprises, the average tax burden on industry
was effectivdy USD 5,000 per Gg CO,. Thistax reform was replaced by two
ubseguent reforms —a Green tax reform and Green taxesin Indudtry.

The generd tax reform, which is being phased in over the period 1994 — 98, will
gradudly shift the baance in the tax system away from income taxation towards
environmenta taxation. Asaresult, the energy taxesrdaed to cod, dectricity, diesd
and petral areincreasing during the period.

All inal, the reform will increase the average tax for heating and power inthe
resdentid sector from aleve corresponding to gpprox. USD 64,000 per Gg CO; to
gpprox. USD 86,000. Industry and the commerdid sector are not affected by the
increased energy taxes.

Sncetheenargy and CO; taxesare ubject to VAT (25%) , a1% increese in energy
or CO, taxeswill conssquently incresse the price by more than 1%.

Theraher highleve of Danish taxesis asthe equivalent CO, tax illugtrated in Fg.
H.1 for some centrd energy types Note the rdaivdy high weight of the energy taxes
as compared to the CO, taxes



Grean taxes on commerce
and indugtry

1400
1200 +
1000 +

800 T B CO2 tax
@ Energy tax

600 T
400 +
200 +

DKK per tonne CO,

1
-
1
.

Coal

Gasoline,
unleaded
Light
diesel |
Fuel oil
Electricity

Fig. H.1. Some central Danish energy and CO; taxesin 1996 expressed asthe
equivalent CO, tax.

In 1995, the energy tax on commerce and indudtry was revised. In the new
legidation, green taxes on energy consumption by commerce and industry will be
phased in during the period 1996 — 2000. In addition a SO, tax amounting to USD
29 pe kg SO, wasintroduced on al sectors

A tranche of CO, and SO, taxesis combined with recyding of revenue through
investment subsdies aimed a promating energy efficiency and areduction in other
company taxes Overdl, the package isintended to be revenue neutrd.

In 1998, the tax on space heating will reech alevd corresponding to USD 86,000 per
Gg CO,, i.e thesamelevd asin the resdentid sector.

For reasons of competitiveness, taxes on energy used in production are lower and
differentiated depending on the type of process. Light processes, mainly prevaent in
the commerdid sector, reech alevel of USD 13,000 per Gg CO; in the year 2000.
Heavy processes i.e. energy-intensive processes manly in indudtry, are taxed a USD
3,600 per Gg CO.. Approx. 700 companies with the most energy-intensve processes
have the option to enter an agreement with the authorities concerning energy-saving
meaaures. In return, lower tax rates are levied on these companies, i.e USD 9,700
and USD 430 per Gg CG; in year 2000 for light and heavy processes, repectively.

The green taxesin theindudtrid and commercid sectorswill contributeto a
narrowing of the tax gap between resdentid and commerdid energy consumption.
All indl, the energy and CO, taxes have occupied an increasing influence in the
Danish energy palicy. The development in some energy and CO; centrd taxesis
showninFg. H2.



Recent devdl opment in
taxation of vehidles and fuds
in Denmark

Passenger cars

Petrol

160
120 /
% /7 —X S

40

DKK per GJ

1967
1969
1971
1973
1975
1977
1979
1981
1983
1985
1987

1989

1991
1993
1995
1997

Gasoline, unleaded Light diesel Fuel oil Coal

Electricity ‘
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In May 1997 the Danish Parliament passed a package of changesin theexisting
taxation sysem for motor vehides and fuds. Three of these changes are directed
towards improvement of energy consumption and ar pollution.

Inthe exiding sysem the car owners have to pay ayearly tax based on the weight of
the car. 7 different dasses are defined. A typica vehidein Denmark beongsto the
group 801 — 1,100 kg with ayearly rate of USD 323 for petral cars and USD 496 for
died cars From 1gt July 1997 the yearly tax will be based on energy consumption
meesured according to directive 93/116 in Sead of weight. 24 dasses are defined for
both petral and diesd cars. Examples of sdected dasses (bad's 1997) are given bdow
(thefigureswill be increased with inflation plus 1.5% every yesr):

Petrol 1 above 200 29

11 10.0-105 314

24 bdow 45 1,057
Died 1 aove 225 113

12 102-113 556

24 bdow 5.1 1447

Itisetimated that the new sysem will give approximatdy the sameincome asthe
ealier one

To day the taxation of unleaded petrdl isfixed to USD 0.47 pr litre (exduding 25%
VAT). For leaded petral thefigureisUSD 0.57 pr litre. Asaresult leaded petrol has
been removed from the market Snce March 1994. Since 1995 incentives (USD 0.004
pr litre) have been given to petrol ddivered from stations eguipped with vapour
recovery sysems From 1t of January 1998 (or after gpprova from the Commission)
differentiation will be introduced according to the content of benzene. The following
figures have been decided:

bdow 1 -0.006
1-2 -0.003
2-3 0.000
3-4 +0.003
4-5 +0.006



Light commerdial vehides In the new sysem incentives will be given to light commerdid vehidesfor which it
can be demondrated thet they meet the propasad future EURO 3 (2000) or EURO 4
(2005) dandards. The referenceis the figures given in the Commission proposd

COM(97) 61, dated 20th of February 1997.

The Danish system operates with 4 dasses basad on gross vehide waght. Examples
on the reduction in the yearly taxesfor dass 1 and 4 are given beow:

1 (bdow 1,000 kg) 1998-2000 50 64
2001 0 14

2002-2005 0 14

4 (2,500-3500 kg) 1998-2000 164 229
2001 164 229

2002-2005 0 64

The sygem will enter into force 1 of January 1998 (or after goprova from the
Commission). It istheintention to introduce the same system for passenger carsat a
later dete.
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