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CO; emission in 2007 was 10% lower than in 1990. However fluctuations in the emission level
are large as a result of electricity import/export. The emission of CH4 has increased due to in-
creased use of lean-burn gas engines in combined heating and power (CHP) plants. However
the emission has decreased in recent years due to structural changes in the Danish electricity
market. The NoO emission was higher in 2007 than in 1990 but the fluctuations in the time-
series are significant. A considerable decrease of the SO,, NO, and heavy metal emissions is
mainly a result of decreased emissions from large power plants and waste incineration plants.
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Preface

The Danish National Environmental Research Institute (NERI) at Aar-
hus University prepares the Danish atmospheric emission inventories
and reports the results on an annual basis to the United Nations
Framework Convention on Climate Change and to the United Nations
Economic Commission for Europe (UNECE) Convention on Long-
Range Transboundary Air Pollution. This report forms part of the
documentation for the inventories and covers emissions from station-
ary combustion plants. The results of inventories up to 2007 are in-
cluded. The report updates the two reports published in 2005 and 2007.

The report has been reviewed by Annemette Geertinger from FORCE
Technology. The 2005 and 2007 updates of this report were reviewed
by Jan Erik Johnsson from the Technical University of Denmark and Bo
Sander from Elsam Engineering.



Summary

Danish emission inventories are prepared on an annual basis and are
reported to the United Nations Framework Convention on Climate
Change (UNFCCC or Climate Convention) and to the Kyoto Protocol
as well as to the United Nations Economic Commission for Europe
(UNECE) Convention on Long-Range Transboundary Air Pollution
(LRTAP Convention). Furthermore, a greenhouse gas emission inven-
tory is reported to the European Union (EU), due to the EU — as well as
the individual member states — being party to the Climate Convention.
Four pollutants are estimated for reporting to the European Commis-
sions National Emissions Ceiling Directive (NECD). The annual Danish
emission inventories are prepared by the Danish National Environ-
mental Research Institute (NERI), Aarhus University. The inventories
include the following pollutants relevant to stationary combustion:
CO», CHs, N2O, SO, NOy, NMVOC, CO, particulate matter, heavy
metals, dioxins, PAH and HCB. In addition to annual national emis-
sions, the report includes emission data for a number of source catego-
ries. Every five years the reporting includes data on the geographical
distribution of the emissions, a projection of emissions data and details
of the activity data — e.g. fuel consumption — on which the inventories
are based.

The inventories for stationary combustion are based on the Danish en-
ergy statistics and on a set of emission factors for various source cate-
gories, technologies and fuels. Plant specific emissions for large com-
bustion sources are incorporated into the inventories. This report pro-
vides detailed background information on the methodology and refer-
ences for the input data in the inventory - energy statistics and emis-
sion factors.

The emission factors are based on either national references or on in-
ternational guidebooks (EEA 2007 and IPCC 1997). The majority of the
country-specific emission factors refer to: Danish legislation, Danish re-
search reports or calculations based on plant-specific emission data
from a considerable number of large point sources. The plant-specific
emission factors are provided by plant operators, e.g. in annual envi-
ronmental reports or in the EU ETSL.

In the inventory for the year 2007, 71 stationary combustion plants are
specified as large point sources. The point sources include large power
plants, municipal waste incineration plants, industrial combustion
plants and petroleum refining plants. The fuel consumption of these
large point sources corresponds to 60 % of the overall fuel consumption
of stationary combustion.

In 2007 the fuel consumption was 12 % higher than in 1990; the fossil
fuel consumption, however, was 2 % lower than in 1990. The use of
coal has decreased whereas the use of natural gas and biomass has in-
creased. The fuel consumption for stationary combustion plants fluctu-

1 EU Emission Trading Scheme.



ates due to variation in the import/export of electricity from year to
year.

Stationary combustion plants account for more than 50 % of the na-
tional emission for the following pollutants: SO, CO,, heavy metals
(except Cu), TSP, PMio, PM2 5, dioxin, HCB and PAH. Furthermore, the
emission from stationary combustion plants accounts for more than 10
% of the national emission for the following pollutants: NOy, CO,
NMVOC and Cu. Stationary combustion plants account for less than 10
% of the national CHs and N>O emission.

Public electricity and heat production are the most important station-
ary combustion emission source for COz, N2O, SO, NOx and heavy
metals.

Lean-burn gas engines installed in decentralised combined heating and
power (CHP) plants and combustion of biomass in residential plants
are the two largest emission sources for CHa.

Residential plants represent the most important stationary combustion
source for CO, NMVOC, particulate matter, PAH and dioxin. Wood
combustion in residential plants is the predominant emission source.

The greenhouse gas emission (GHG) trend follows the CO, emission
trend closely. Both the CO; and the total GHG emission were lower in
2007 than in 1990: COz by 10 % and GHG by 9 %. However, fluctua-
tions in the GHG emission level are large. The fluctuations in the time-
series are a result of electricity import/export and of outdoor tempera-
ture variations from year to year.

The CH4 emission from stationary combustion has increased by a factor
of 3.6 since 1990. This is mainly a result of the considerable number of
lean-burn gas engines installed in CHP plants in Denmark during the
1990s. In recent years the emission has declined. This is due to struc-
tural changes in the Danish electricity market, which means that the
fuel consumption in gas engines has been decreasing. The CHs emis-
sion from residential plants has increased since 1990 due to increased
combustion of wood in residential plants.

The emission of N2O was 16 % higher in 2007 than in 1990. The fluctua-
tions follows the fluctuations of the fuel consumption that is a result of
import/export of electricity.

SO; emission from stationary combustion plants has decreased by 95 %
since 1980 and by 87 % since 1990. The considerable emission decrease
is mainly a result of the reduced emission from electricity and heat
production due to installation of desulphurisation technology and the
use of fuels with lower sulphur content.

The NOx emission from stationary combustion plants has decreased by
58 % since 1985 and 46 % since 1990. The reduced emission is mainly a
result of the reduced emission from electricity and heat production due
to installation of low NOx burners and selective catalytic reduction
(SCR) units. The fluctuations in the emission time-series follow fluctua-
tions in electricity import/export.
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In 2007 the wood consumption in residential plants was 4.1 times the
1990 level. A change of technology (installation of modern stoves) has,
however, caused decreasing emission factors for several pollutants.

The CO emission has increased by 22 % from 1990 to 2007. The increase
in CO emission from residential plants is less than the increase in wood
consumption, because the CO emission factor for wood combustion in
residential plants has decreased since 1990. Furthermore the emission
from straw-fired farmhouse boilers has decreased considerably.

The NMVOC emission from stationary combustion plants has in-
creased by 104 % from 1985 and 109 % from 1990. The increased
NMVOC emission is mainly a result of the increasing wood combus-
tion in residential plants and the increased use of lean-burn gas en-
gines. The emission from straw-fired farmhouse boilers has decreased.

The emission of TSP, PMip and PMz5 has increased by 68-71 % since
2000 due to the increase of wood combustion in residential plants. The
emission of PAHs has increased by 130-190 % since 1990, also a result
of the increased combustion of wood in residential plants.

All the heavy metal emissions has decreased considerably since 1990 —
between 34 % and 822 %. This is a result of the installation and im-
proved performance of gas cleaning devices in municipal waste incin-
eration plants and large power plants.

Dioxin emission has decreased 55 % since 1990 mainly due to installa-
tion of dioxin filters in municipal solid waste (MSW) incineration
plants. However, the emission from residential plants is increasing due
to the increasing wood combustion in the sector. This has caused a 23
% increase of dioxin emission from stationary combustion since 2004.

The uncertainty level of the Danish greenhouse gas emission from sta-
tionary combustion is estimated to be within a range of +8.5 % and the
trend in GHG emission (1990-2007) is -8.5 % + 2.1 %-age points.

2 The estimated Zn emission in 2007 is 15% higher than in 1990. This is presumably
due to insufficient emission factor update for recent years.



Sammendrag

Opgorelser over de samlede danske luftemissioner rapporteres arligt til
Klimakonventionen (United Nation Framework Convention on Cli-
mate Change, UNFCCC) og Kyotoprotokollen og til UNECE (United
Nations Economic Commission for Europe) Konventionen om lang-
transporteret graenseoverskridende luftforurening (UNECE Conven-
tion on Long-Range Transboundary Air Pollution der forkortes LRTAP
Convention). Endvidere rapporteres drivhusgasemissionen til EU, for-
di EU - savel som de enkelte medlemslande — har ratificeret klimakon-
ventionen. Der udarbejdes ogsé opgerelser til rapportering til Europa-
Kommissionens NEC (National Emissions Ceiling) direktiv. De danske
emissioner opgeres og rapporteres af Danmarks Miljoundersogelser
(DMU) ved Aarhus Universitet. Emissionsopgerelserne omfatter fel-
gende stoffer af relevans for stationeer forbreending: CO,, CHs, N2O,
SOz, NOx, NMVOC, CO, partikler, tungmetaller, dioxin, PAH og HCB.
Foruden de érlige opgerelser over samlede nationale emissioner rap-
porteres ogsa sektoropdelt emission. Hvert femte ar rapporteres endvi-
dere en geografisk fordeling af emissionerne, fremskrivning af emissi-
onerne samt de aktivitetsdata — fx breendselsforbrug — der ligger til
grund for opgorelserne.

Emissionsopgerelserne for stationzere forbreendingsanleeg (ikke mobile
kilder) er baseret pa den danske energistatistik og pa et seet af emissi-
onsfaktorer for forskellige sektorer, teknologier og breendsler. Anlaegs-
specifikke emissionsdata for store anleeg, som fx kraftveerker, indarbej-
des i opgerelserne. Denne rapport giver detaljeret baggrundsinforma-
tion om den anvendte metode samt referencer for de data der ligger til
grund for opgerelsen — energistatistikken og emissionsfaktorerne.

Emissionsfaktorerne stammer enten fra danske referencer eller fra in-
ternationale guidebeger (EEA 2007 og IPCC 1997) udarbejdet til brug
for denne type emissionsopgerelser. De danske referencer omfatter
miljglovgivning, danske rapporter samt middelveerdier baseret pa an-
leegsspecifikke emissionsdata fra et betydeligt antal sterre veerker. An-
leegsspecifikke emissionsfaktorer oplyses af anlegsejere, bl.a. i grenne
regnskaber og i COx-kvoteindberetninger.

I emissionsopgerelsen for 2007 er 71 stationeere forbreendingsanleeg de-
fineret som punktkilder. Punktkilderne omfatter: kraftveerker, decen-
trale kraftvarmeveerker, affaldsforbreendingsanleeg, industrielle for-
breendingsanleeg samt raffinaderier. Breendselsforbruget for disse an-
leeg svarer til 60 % af det samlede braendselsforbrug for alle stationcere
forbreendingsanleeg.

Variationen i arlig import/eksport af el medvirker til at breendselsfor-
bruget til stationzere forbreendingsanleeg varierer. I 2007 var breendsels-
forbruget 12 % hejere end i 1990, mens forbruget af fossile breendsler
var 2 % lavere. Forbruget af kul er faldet, mens forbruget af naturgas
og af biobreendsler er steget.

11
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For felgende stoffer udger emissionen fra stationeer forbreending over
50 % af den nationale emission: SO,, CO», tungmetaller (dog ikke Cu),
partikler, dioxin, HCB og PAH. Endvidere udger emissionen over 10 %
for NOx, CO, NMVOC og Cu. Stationeer forbreending bidrager med
mindre end 10 % af den nationale emission af CHs og N2O.

Indenfor stationeer forbreending er kraftveerker og decentrale kraftvar-
meveerker den betydeligste emissionskilde for CO», N>O, SO,, NOx og
tungmetaller.

Gasmotorer installeret pd decentrale kraftvarmeveerker er sammen
med forbreending af biomasse i forbindelse med beboelse de storste
emissionskilder for CHa.

Emissioner fra kedler, breendeovne mv. i forbindelse med beboelse er
den betydeligste emissionskilde for CO, NMVOC, partikler, dioxin og
PAH. Det er iser forbreending af tree, som bidrager til disse emissioner.

I rapporten vises tidsserier for emissioner fra stationeer forbreending.

Udviklingen i drivhusgasemissionen felger udviklingen i CO,-emis-
sionen ganske tet. Bdde COz-emissionen og den samlede drivhusgas-
emission fra stationeer forbreending er lavere i 2007 end i 1990 — CO; er
10 % lavere og drivhusgasemissionen er 9 % lavere. Emissionerne fluk-
tuerer dog betydeligt pga. variationerne i import/eksport af el samt va-
rierende udetemperatur.

CHgs-emissionen fra stationeer forbreending er steget med en faktor 3,6
siden 1990. Denne stigning skyldes primeert, at der i 1990’erne blev in-
stalleret et betydeligt antal gasmotorer pa decentrale kraftvarmeveer-
ker. De senere ar er emissionen dog faldet lidt. Dette skyldes de eend-
rede afregningsregler iht. det frie elmarked. Emissionen fra beboelse er
steget veesentligt de senere ar pga. den egede forbreending af tree i
breendeovne mv.

Emissionen af N2O var 16 % hgjere i 2007 end i 1990. Emissionen af
N2O flukturerer som folge af variationerne i import/eksport af el.

SOz-emissionen fra stationeer forbreending er faldet med 95 % siden
1980 og 87 % siden 1990. Den store reduktion skyldes primeert, at emis-
sionen fra el- og fjernvarmeproducerende anleg er faldet, som folge af
installering af afsvovlningsanleeg samt brug af breendsler med lavere
svovlindhold.

NOx-emissionen fra stationeer forbreending er faldet med 58 % siden
1985 og 46 % siden 1990. Reduktionen skyldes primeert, at emissionen
fra el- og fjernvarmeproducerende anlaeg er faldet som folge af, at der
benyttes lav-NOx-breendere pa flere anleeg og at der er idriftsat NOx-
reoggasrensning pa flere store kraftveerker. NOx-emissionen flukturerer
som folge af variationen i import/eksport af el.

Meengden af tree forbreendt i villakedler og breendeovne var i 2007 4,1
gange sd hejt som i 1990. Emissionen fra nyere braeendeovne mv. er la-
vere end for de eeldre idet forbreendingsteknologien er forbedret. Stig-



ningen i emissioner er sdledes lavere end stigningen i breendselsfor-
bruget.

CO emissionen er steget 22 % siden 1990. Emissionen fra breendeovne
er steget, men samtidig er emissionen fra halmfyrede gardanleeg faldet.

Emissionen af NMVOC fra stationeer forbreending er oget med 104 %
siden 1985 og 109 % siden 1990. Stigningen skyldes primeert det ogede
forbrug af tree i forbindelse med beboelse (breendeovne mv.) og idrift-
seettelsen af gasmotorer pa decentrale kraftvarmevaerker.

Emissionen af partikler er steget 68-71 % siden ar 2000, igen pa grund
af den ogede brug af tree i breendeovne og sma villakedler. Emissionen
af de forskellige PAH’er er af samme grund steget 130-190 % siden
1990.

Emissionen af dioxin var 55 % lavere i 2007 end i 1990. Dette fald skyl-
des primeert installering af dioxinrensningsanleeg pa affaldsforbreen-
dingsanleeg. Emissionen fra breendeovne er dog samtidig steget og det-
te har resulteret i en stigning i dioxinemissionen de senere ar.

Tungmetalemissionerne er faldet betydeligt siden 1990. Emissionen af
de enkelte tungmetaller er reduceret mellem 34 % og 823 %. Faldet
skyldes den forbedrede roggasrensning pa affaldsforbreendingsanleeg
og pa kraftverker.

Emissionen af drivhusgasser er bestemt med en usikkerhed pa +8,5 %.
Drivhusgasemissionen er siden 1990 faldet 8,5 % + 2,1 %-point.

3 For Zn er der beregnet en stigning pa 15% siden 1990. Dette kan dog meget vel
veere et resultat af utilstraekkelig opdatering af emissionsfaktoren for affaldsfor-
breending.

13
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1 Introduction

The Danish atmospheric emission inventories are prepared on an an-
nual basis and the results are reported to the United Nation Framework
Convention on Climate Change (UNFCCC or Climate Convention) and
to the United Nations Economic Commission for Europe (UNECE)
Convention on Long-Range Transboundary Air Pollution (LRTAP
Convention). Furthermore, a greenhouse gas emission inventory is re-
ported to the European Union (EU), due to the EU — as well as the indi-
vidual member states — being party to the Climate Convention. The Na-
tional Environmental Research Institute (NERI), Aarhus University, is
estimating the Danish greenhouse gas (GHG) emissions reported under
the Kyoto Protocol, which is a protocol under the Climate Convention.
NERI is responsible for preparing the estimates of NOy, SO, NMVOC
and NH; reported by the Danish EPA to the European Commission.
The Danish atmospheric emission inventories are calculated by the Na-
tional Environmental Research Institute (NERI), Aarhus University.

Stationary combustion plants include power plants, district heating
plants, non-industrial and industrial combustion plants, industrial
process burners, petroleum-refining plants, as well as combustion in
oil/gas extraction and in pipeline compressors. Emissions from flaring
in oil/gas production and from flaring carried out in refineries are not
covered by this report.

This report presents detailed emission inventories and time-series for
emissions from stationary combustion plants. Furthermore, emissions
from stationary combustion plants are compared with national emis-
sions.

The methodology and references for the emission inventories for sta-
tionary combustion plants are described.

Furthermore, the report includes key source analysis, uncertainty esti-
mates and reporting of QA /QC activities.



2 National emissions

An overview of the national emission inventories for 2007 including all
emission source categories is shown in Table 1 to 4. The emission in-
ventories reported to the LRTAP Convention and to the Climate Con-
vention are organised in six main source categories and a number of
sub categories. The emission source Energy covers combustion in sta-
tionary and mobile sources as well as fugitive emissions from the en-
ergy source category.

Emissions from incineration of municipal waste in power plants or dis-
trict heating plants are included in the source category Energy, rather
than in the source category Waste.

Links to the latest emission inventories can be found on the NERI home
page: http://www.dmu.dk/Luft/Emissioner /Home+of+Inventory/
or via www.dmu.dk. Surveys of the latest inventories and the updated
emission factors are also available on the NERI homepage.

Note that according to convention decisions emissions from certain
specific sources are not included in the inventory totals. These emis-
sions are reported as memo items and are thus estimated, but not in-
cluded in the totals. The data for the national emission included in this
report does not include memo items.

CO; emission from combustion of biomass is not included in national
totals, but reported as a memo item. Likewise emissions from interna-
tional bunkers and from international aviation are not included in na-
tional totals.

Further emission data for stationary combustion plants are provided in
Chapters 4 to 10.

Table 1 National greenhouse gas emission for the year 2007 (Nielsen et al. 2009a).

Pollutant CO» CH4 N.O  HFCs, PFCs & SFs
Unit Gg CO; equivalent

1. Energy 51494 595 458 -

2. Industrial Processes 1647 - - 886

3. Solvent and Other Product Use 87 - 37 -

4. Agriculture - 383 6238 -

5. Land-Use Change and Forestry -2 143 -0.5 0.1 -

6. Waste - 1319 47 -

National emission excluding LULUCF " 66 641

National emission including LULUCF 2 64 498

"' Not including Land-Use, Land-Use Change and Forestry.
2 Including Land-Use, Land-Use Change and Forestry.

15
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Table 2 National emissions 2007 reported to the LRTAP Convention (Nielsen et al. 2009b).

NOy CO NMVOC SO, TSP PMio PM.s
Pollutant

Gg Gg Gg Gg Mg Mg Mg
1. Energy 167 448 74 23 37734 34103 31071
2. Industrial Processes 0 0 1 0 - - -
3. Solvent and Other Product Use - - 28 - - - -
4. Agriculture - - 2 - 14562 9326 1673
5. Land-Use Change and Forestry - - - - - - -
6. Waste 0 0 0 0 2 2 2
National emission 167 448 104 23 52299 43431 32746

Table 3 National heavy metal (HM) emissions 2007 reported to the LRTAP Convention (Nielsen

et al. 2009b).

Pb Cd Hg As Cr Cu Ni Se Zn
Pollutant

Mg Mg Mg Mg Mg Mg Mg Mg Mg
1. Energy 6.10 0.74 1.07 6.10 063 1.36 9.95 8.72 1.99
2. Industrial Processes 0.07 0.00 - 0.07 - - 0.05 - -
3. Solvent and Other Product Use - - - - - - - - -
4. Agriculture - - - - - - - - -
5. Land-Use Change and ) ) i ) i ) i ) i

Forestry
6. Waste 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 o0.00
National emission 6.17 0.75 112 6.17 063 136 9.99 8.72 1.99
Table 4 National PAH, Dioxin and hexachlorobenzene (HCB) emissions 2007 reported to the
LRTAP Convention (Nielsen et al. 2009b).
Benzo(b)- Benzo(k)-  Indeno

Benzo(a)- fluoran-  fluoran- (1,2,3-c,d)

Pollutant pyrene thene thene pyrene Dioxin HCB
Mg Mg Mg Mg gl-teq kg

1. Energy 5.06 5.42 3.01 3.62 21.67 3.97
2. Industrial Processes - - - - 0.02 -
3. Solvent and Other Product Use - - - - - -
4. Agriculture - - - - - -
5. Land-Use Change and Forestry - - - - - -
6. Waste 0.00 0.00 0.00 0.00 0.04 0.01
7. Other - - - - 6.10 -
National emission 5.06 5.42 3.01 3.62 2783 3.97




3 Fuel consumption data

In 2007 the total fuel consumption for stationary combustion plants
was 559 PJ of which 446 PJ was fossil fuels and 114 PJ] was biomass.

Fuel consumption distributed according to the stationary combustion
subcategories is shown in Figure 1 and Figure 2. The majority - 59 % -
of all fuels is combusted in the source category, Public electricity and heat
production. Other source categories with high fuel consumption are
Residential and Industry.

Fuel consumption including biomass Fuel consumption, fossil fuels
1A4ci : 1Adci
1Ada 1Ad4b i Agriculture/ TAdD] Agriculture/

Commercial/
Institutional
3%

1A2 Industry
13%

1A1c Other

energy

Residential
11%

Forestry 1Ad4a

2% Commercial/
Institutional
3%

Forestry
1%

1A2 Industry
15%

1A1a Electricity
and heat
production
60%

1A1c Other
1A1a Electricity ~energy

industries and heat industries
o 1A1b y o 1A1b
5% Petroleum prooductlon 6% Petroleum
refining 58% refining
3% 4%
Figure 1 Fuel consumption of stationary combustion source categories, 2007 (based on DEA
(2008a)).

Coal and natural gas are the most utilised fuels for stationary combus-
tion plants. Coal is mainly used in power plants and natural gas is used
in power plants and decentralised combined heating and power (CHP)
plants, as well as in industry, district heating, residential plants and off-
shore gas turbines (see Figure 2).

Detailed fuel consumption rates are shown in Appendix 4.
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Figure 2 Fuel consumption of stationary combustion 2007, disaggregated to fuel type
(based on DEA, 2008a).

Fuel consumption time-series for stationary combustion plants are pre-
sented in Figure 3% The fuel consumption for stationary combustion
was 12 % higher in 2007 than in 1990, while the fossil fuel consumption
was 2 % lower and the biomass fuel consumption 163 % higher than in
1990.

The consumption of natural gas and biomass has increased since 1990
whereas coal consumption has decreased.

4 Time-series 1980 onwards are included in Appendix 15.
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Figure 3 Fuel consumption time-series, stationary combustion (based on DEA, 2008a).

The fluctuations in the time-series for fuel consumption are mainly a
result of electricity import/export, but also of outdoor temperature
variations from year to year. This, in turn, leads to fluctuations in emis-
sion levels. The fluctuations in electricity trade, fuel consumption, CO»
and NOx emission are illustrated and compared in Figure 4. In 1990 the
Danish electricity import was large causing relatively low fuel con-
sumption, whereas the fuel consumption was high in 1996 due to a
large electricity export. In 2007 the net electricity export was 3420 TJ,
which is a lower export rate than in 2006. The large electricity export
that occurs some years is a result of low rainfall in Norway and Swe-
den causing insufficient hydropower production in both countries.

To be able to follow the national energy consumption as well as for sta-
tistical and reporting purposes, the Danish Energy Agency produces a
correction of the actual fuel consumption and CO, emission without
random variations in electricity imports/exports and in ambient tem-
perature. This fuel consumption trend is also illustrated in Figure 4.
The corrections are included here to explain the fluctuations in the
time-series for fuel rate and emission.
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Figure 4 Comparison of time

Fuel consumption time-series for the subcategories to stationary com-

bustion are shown in Figure 5a, b and c.
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Fuel consumption for Energy Industries fluctuates due to electricity
trade as discussed above. The fuel consumption in 2007 was 20 %
higher than in 1990. The fluctuation in electricity production is based
on fossil fuel consumption in the subcategory Electricity and Heat Pro-
duction. The energy consumption in Other energy industries is mainly
natural gas used in gas turbines in the off-shore industry. The biomass
fuel consumption in Energy Industries 2007 added up to 63 PJ, which is
3.4 times the level in 1990.

The fuel consumption in Industry has increased 7 % since 1990 (Figure
5b). However, in recent years the fuel consumption seems to be slowly
decreasing. The biomass fuel consumption in Industry in 2007 added up
to 7 PJ] which is a 19 % increase since 1990.

The fuel consumption in Other Sectors decreased 5 % since 1990 (Figure
5c). The biomass part of the fuel consumption has increased from 16 %
in 1990 to 39 % in 2007. Wood consumption in residential plants in 2007
was 2.5 times the consumption in year 2000.

Time-series for subcategories are shown in Chapter 11.
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4 Greenhouse gas emission

The national greenhouse gas (GHG) emission in the year 2007 was
64,498 Gg COz equivalent including land-use change and forestry or
66,641 Gg CO; equivalent excluding land-use change and forestry. The
greenhouse gas pollutants HFCs, PFCs and SFs are not emitted from
combustion plants and, as such, only the pollutants CO,, CHs and N>O
are considered below.

The global warming potentials of CHs and N>O applied in greenhouse
gas inventories refer to the second IPCC assessment report (IPCC 1995):

e 1gCHsequals 21 g CO;
e 1gNxO equals 310 g CO

The GHG emissions from stationary combustion are listed in Table 6.
The emission from stationary combustion accounted for 52 % of the na-
tional GHG emission (excluding Land-Use, Land-Use Change and For-
estry (LULUCF)) in 2007.

The CO; emission from stationary combustion plants accounts for 64 %
of the national CO; emission (not including land-use change and for-
estry). The CH4 emission accounts for 8 % of the national CHy emission
and the N>O emission for 4 % of the national N>O emission.

Table 6 Greenhouse gas emission, 2007 .

CO, CHs NO
Gg CO:; equivalent

1A1 Fuel Combustion, Energy industries 25132 193 150

1A2 Fuel Combustion, Manufacturing Industries and Construction” 4 609 19 45

1A4 Fuel Combustion, Other sectors " 4351 220 83

Emission from stationary combustion plants 34082 433 278

National emission (excluding LULUCF) 53228 5748 6780
O/O

Emission share for stationary combustion 64% 8% 4%

" Only stationary combustion sources of the category is included.

COsz is the most important GHG pollutant accounting for 98.0 % of the
GHG emission (CO: eq.) from stationary combustion. CHy accounts for
1.2 % and N2O for 0.8 % of the GHG emission (CO; eq.) from stationary
combustion (Figure 6).
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Figure 6 Stationary combustion - GHG emission (CO. equivalent), contribution from
each pollutant.

Figure 7 depicts the time-series of GHG emission (CO; eq.) from sta-
tionary combustion and it can be seen that the GHG emission devel-
opment follows the CO, emission development very closely. Both the
CO; and the total GHG emission are lower in 2007 than in 1990, CO; by
10 % and GHG by 9 %. However, fluctuations in the GHG emission
level are large.
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Figure 7 GHG emission time-series for stationary combustion.

The fluctuations in the time-series are largely a result of electricity im-
port/export, but also of outdoor temperature variations from year to
year. The fluctuations follow the fluctuations in fuel consumption dis-
cussed in Chapter 3. As mentioned in Chapter 3, the Danish Energy
Agency estimates a correction of the actual CO, emission without ran-
dom variations in electricity imports/exports and in ambient tempera-
ture. The GHG emission corrected for electricity import/export and
ambient temperature has decreased by 22 % since 1990, and the CO»
emission by 23 %. These data are included here to explain the fluctua-
tions in the emission time-series.

41 CO;

The carbon dioxide (CO;) emission from stationary combustion plants
is one of the most important GHG emission sources. Thus the CO;
emission from stationary combustion plants accounts for 64 % of the
national CO2 emission. Table 7 lists the CO, emission inventory for sta-



tionary combustion plants for 2007. Electricity and heat production ac-
counts for 66 % of the CO, emission from stationary combustion. This
share is somewhat higher than the fossil fuel consumption share for
this category, which is 59 % (Figure 1). This is due to a large share of
coal in this category. Other large CO, emission sources are [ndustry and
Residential plants. These are the source categories, which also account
for a considerable share of fuel consumption.

Table 7 CO, emission from stationary combustion plants, 2007".

COs 2007 Gg 1A4a 1Adb 1A4c Agriculture
Commercial / F{Oesldenllal / Forestry /

1A1a Public electricity and heat production 22 545 Instutional 9% Fisheres

1A1b Petroleum refining 970 )

1A1c Other energy industries 1617 1A2 Industry

1A2  Industry 4 599 14%

1Ad4a Commercial/Institutional 790

. . 1A1c Other

1A4b Residential 3136 energy industries 1A1a_ F_’ublic

1A4c  Agriculture/Forestry/Fisheries 405 7" heat procuction
1A1b Petroleum 66%
refining

Total 34 082 3%

" Only emission from stationary combustion plants in the categories is included.

In the Danish inventory the source category Electricity and heat produc-
tion is further disaggregated. The CO, emission from each of the sub-
categories is shown in Table 8. The largest subcategory is power plant

boilers >300MW.

Table 8 CO. emission from subcategories to 1A1a Electricity and heat production.

Sub-category Subcategory name 2007 Gg

ID (SNAP)

0101 Public power

010100 Public power 2

010101 Combustion plants > 300MW (boilers) 18 313
Combustion plants > 50MW and < 300

010102 MW (boilers) 909

010103 Combustion plants <50 MW (boilers) 331

010104 Gas turbines 1 803

010105 Stationary engines 928

0102 District heating plants

010200 District heating plants

010201 Combustion plants > 300MW (boilers) 2
Combustion plants > 50MW and < 300

010202 MW (boilers) 3

010203 Combustion plants <50 MW (boilers) 197

010204 Gas turbines 1

010205 Stationary engines 17

District heating,

Public power, PtUt:.l'C power, boilers < 50
gas turbines stationary MW
8% Z[’Emes 1%
Public power,
boilers < 50M
1%
Public power,
boilers > 50MW Public power,
and 300 MW boilers >
4% 300MW
(boilers)
82%

CO; emission from combustion of biomass fuels is not included in the
total CO, emission data, because biomass fuels are considered CO;

neutral. The CO, emission from

biomass combustion is reported as a

memo item in the Climate Convention reporting. In 2007 the CO; emis-
sion from biomass combustion was 12 078 Gg.

In Figure 8 the fuel consumption share (fossil fuels) is compared to the
CO; emission share disaggregated to fuel origin. Due to the higher CO;
emission factor for coal than oil and gas, the CO; emission share from
coal combustion is higher than the fuel consumption share. Coal ac-
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counts for 44 % of the fossil fuel consumption and for 54 % of the CO»
emission. Natural gas accounts for 38 % of the fossil fuel consumption
but only 28 % of the CO, emission.

Fossil fuel consumption share. CO, emission, fuel origin.
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COKE WASTE COKE GAS
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’ 3% 0,3%

Figure 8 CO; emission, fuel origin.

Time-series for CO, emission are provided in Figure 9. Despite an in-
crease in fuel consumption of 12 % since 1990 CO, emission from sta-
tionary combustion has decreased by 10 % because of the change of
fuel type used.

The fluctuations in total CO, emission follow the fluctuations in CO;
emission from Electricity and heat production (Figure 9) and in coal con-
sumption (Figure 4). The fluctuations are a result of electricity im-
port/export as discussed in Chapter 3.
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Figure 9 CO. emission time-series for stationary combustion plants.

4.2 CH,

The methane (CHs) emission from stationary combustion plants ac-
counts for 8 % of the national CH4 emission. Table 9 lists the CH4 emis-
sion inventory for stationary combustion plants in 2007. Electricity and
heat production accounts for 44 % of the CHs emission from stationary
combustion, which is somewhat less than the fuel consumption share.
The emission from residential plants adds up to 42 % of the emission.



Table 9 CH, emission from stationary combustion plants, 2007".

CH4 1A4c Agriculture
/ Forestry /

2007 Mg
1A1a Public electricity and heat production 9101
1A1b Petroleum refining s
1A1c Other energy industries 78 G
1A2 Industry 927

1A1a Public
electricity and
heat production
45%

1A1b Petroleum
refining

1A4a Commercial/Institutional 794 0,02%
1A4b Residential 8594  comrercials 1A1c Other

. . . Institutional 1A2 Industry energy industries
1A4c Agriculture/Forestry/Fisheries 1105 4» 4% 0.4%
Total 20 603

" Only emission from stationary combustion plants in the source categories is included.

The CH4 emission factor for reciprocating gas engines is much higher
than for other combustion plants due to the continuous ignition/burn-
out of the gas. Lean-burn gas engines have an especially high emission
factor as discussed in Chapter 13.7.3. A considerable number of lean-
burn gas engines are in operation in Denmark and in 2007 these plants
accounted for 50 % of the CHs emission from stationary combustion
plants (Figure 10). Most engines are installed in CHP plants and the
fuel used is either natural gas or biogas.

Gas
engines
Other 50%
stationary
combustion
plants

50%

Figure 10 Gas engine CH4 emission share, 2007.

Figure 11 shows the time-series for CHs emission. The CHs emission
from stationary combustion has increased by a factor of 3.6 since 1990.
This results from the considerable number of lean-burn gas engines in-
stalled in CHP plants in Denmark during the 1990s. Figure 12 provides
time-series for the fuel consumption rate in gas engines and the corre-
sponding increase of CHy emission. The decline in later years is due to
structural changes in the Danish electricity market, which means that
the fuel consumption in gas engines has been decreasing.

The emission from residential plants has increased since 1990 due to
increased combustion of biomass in residential plants. Combustion of
wood accounted for more than 80 % of the emission from residential
plants (2007).
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Figure 11 CH,4 emission time-series for stationary combustion plants.
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43 N;O

The nitrous oxide (N20) emission from stationary combustion plants
accounts for 4 % of the national N2O emission. Table 10 lists the N>O
emission inventory for stationary combustion plants in the year 2007.
Electricity and heat production accounts for 43 % of the N>O emission
from stationary combustion.



Table 10 NO emission from stationary combustion plants, 2007".
N.O

2007 Mg 1A4c Agriculture

/ Forestry /
1A4b

Residential
25%

Fisheries
2%

1A1a Public electricity and heat production 387

1A1b Petroleum refining 34 Ita Publc.
electricity an
1A1c Other energy industries 621CA4a » heat produoton
1A2  Industry 1 44;‘535"1?&2
1A4a Commercial/Institutional 22
1A2 Industry

1A4b Residential 297 16%

. . . 1A1c Other 1A_1l_) Petroleum
1A4c Agriculture/Forestry/Fisheries 20 energy industries refining
Total 897 7

Y Only emission from stationary combustion plants in the source categories is included.

Figure 13 shows time-series for N2O emission. The N2O emission from
stationary combustion has increased by 16 % from 1990 to 2007, but
again fluctuations in emission level due to electricity import/export are

considerable.
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Figure 13 N>O emission time-series for stationary combustion plants.
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5 SOz NO,, NMVOC and CO

The emissions of sulphur dioxide (SO2), nitrogen oxides (NOx), non
volatile organic compounds (NMVOC) and carbon monoxide (CO)
from Danish stationary combustion plants 2007 are presented in Table
11. The emission of these pollutants is included in the reporting to both
the Climate Convention and the LRTAP Convention. Emissions of SO,
NOx and NMVOC are also included in reporting to the National Emis-
sions Ceiling Directive (NECD). NECD reporting includes NHs;, how-
ever, until now NHj; emissions have not been estimated for stationary
combustion plants.

SO, from stationary combustion plants accounts for 88 % of the na-
tional emission. NOy, CO and NMVOC account for 37 %, 38 % and 25
% of national emissions, respectively.

Table 11 SO,, NO,, NMVOC and CO emission, 2007".

NOy CO NMVOC  SO»
Gg Gg Gg Gg

1A1 Fuel consumption, Energy industries 42.5 9.3 2.7 9.1
1A2 Fuel consumption, Manufacturing Industries and Construction

(Stationary combustion) 11.1 13.6 0.6 7.2
1A4 Fuel consumption, Other sectors (Stationary combustion) 85 147.6 23.1 4.4
Emission from stationary combustion plants 62.1 170.5 26.4 20.6
National emission 166.7 448.1 104.4 23.3

O/O

Emission share for stationary combustion 37 38 25 88

" Only emissions from stationary combustion plants in the source categories are included.

51 SO;

Stationary combustion is the most important emission source for SO
accounting for 88 % of the national emission. Table 12 presents the SO
emission inventory for the stationary combustion subcategories.

Electricity and heat production is the largest emission source accounting
for 42 % of the emission. However, the SO, emission share is lower
than the fuel consumption share for this source category, which is 59 %.
This is a result of effective flue gas desulphurisation equipment in-
stalled in power plants combusting coal. In the Danish inventory the
source category Electricity and heat production is further disaggregated.
Figure 14 shows the SO, emission from Electricity and heat production on
a disaggregated level. Power plants >300MW, are the main emission
source, accounting for 79 % of the emission.

The SO, emission from industrial plants is 35 %, a remarkably high
emission share compared with fuel consumption. The main emission
sources in the industrial category are combustion of coal and residual
oil, but emissions from the cement industry is also a considerable emis-
sion source. Ten years ago SO, emission from the industrial category
only accounted for a small part of the emission from stationary com-



bustion, but as a result of reduced emissions from power plants the
share has now increased.

The fuel origin of the SO, emission is shown in Figure 15. Disaggrega-
tion of total emissions from point sources using several fuels is based
on emission factors. Coal accounts for 43 % of the SO, emission, resid-
ual oil for 25 % and petroleum coke for 9 %. The emission from residual
oil and petroleum coke is remarkable compared to fuel consumption
share. The emission factor for residual oil combusted in industrial
plants is uncertain because knowledge of the applied flue gas cleaning
technology in industrial plants is limited.

Time-series for SO, emission from stationary combustion are shown in
Figure 16. The SO, emission from stationary combustion plants has de-
creased by 95 % since 1980 and 87 % since 1990. The large emission de-
crease is mainly a result of the reduced emission from Electricity and
heat production, made possible due to installation of desulphurisation
plants and due to the use of fuels with lower sulphur content. Despite
the considerable reduction in emission from electricity and heat pro-
duction plants, these still account for 42 % of the emission from station-
ary combustion, as mentioned above. The emission from other source
categories also decreased considerably since 1980. Time-series for sub-
categories are shown in Chapter 11.

Table 12 SO, emission from stationary combustion plants, 2007".

1A4c Agriculture
S0: / Forestry /
2007 MG 1A4b Fisheries
Residential 8%

1A1a Public electricity and heat production 8 641 12%
1A1b Petroleum refining 423 e Ala F_’tl;blicd

electricity ant
1A1c Other energy industries 10 commercial / heat production

1A2 Industry

Institutional 42%
7157 0.9%

1A4a Commercial/Institutional 183
1A4b Residential 2509 oinmg e
1A4c Agriculture/Forestry/Fisheries 1680 1A2 Industry 2%
20 35% 1A1c Other
Total 604 energy industries

0,1%

" Only emission from stationary combustion plants in the source categories is included.

Public power,  District heating,  py40i4 peating

Public pgwer, stati_onary boilers > 50 boilers < 50

gas turbines engines MW

8% 7%

Public power,

boilers < 50

MW

1,6%

Public power,

boilers > 50

MW and < 300 Public power,

MW boilers > 300
MW

Figure 14 Disaggregated SO, emissions from 1A1a Energy and heat production.
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Figure 15 Fuel origin of the SO, emission from stationary combustion plants.
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Figure 16 SO, emission time-series for stationary combustion.

5.2 NO,

Stationary combustion accounts for 37 % of the national NOx emission.
Table 13 shows the NOx emission inventory for stationary combustion
subcategories.

Electricity and heat production is the largest emission source accounting
for 54 % of the emission from stationary combustion plants. The emis-
sion from public power boilers > 300 MW accounts for 61 % of the
emission in this subcategory.

Industrial combustion plants are also an important emission source ac-
counting for 18 % of the emission. The main industrial emission source
is cement production, which accounts for 64 % of the emission.

Residential plants account for 11 % of the NOx emission. The fuel origin
of this emission is mainly wood, gas oil and natural gas accounting for
65 %, 15 % and 15 % of the residential plant emission, respectively.

Figure 17 shows fuel origin of the NOx emission. For both coal, natural

gas and wood the emission share is close to the fuel consumption
share.
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Time-series for NOx emission from stationary combustion are shown in
Figure 18. NOx emission from stationary combustion plants has de-
creased by 58 % since 1985 and 46 % since 1990. The reduced emission
is largely a result of the reduced emission from electricity and heat
production due to installation of low NOx burners, selective catalytic
reduction (SCR) units and selective non-catalytic reduction (SNCR)
units. The fluctuations in the time-series follow the fluctuations in elec-
tricity and heat production, which, in turn, result from electricity trade
fluctuations.

Table 13 NO, emission from stationary combustion plants, 2007".

2007 MG Residentl SForsaty/
1A1a Public electricity and heat Commerca /T i
production 33608 1
1A1b Petroleum refining 1754
1A1c Other energy industries 7120  1A2 industy %%3;32?5%
1A2 Industry 11136 55%
1A4a Commercial/lnstitutional 919 410 other
1A4b Residential 6653715 """ 1A Peroleum
1A4c Agriculture/Forestry/Fisheries 909 M
Total 62 100

" Only emission from stationary combustion plants in the source categories is included.

Fuel consumption NOx emission, fuel origin
. . Other fuel Other fuels
Resdual il Straw  Zher uels Residual oi o e
Petroleum 4%
coke
2% Coal Petroleum Cooal
34% coke 35%
Municipal 6%
waste
7% Municipal
waste
8%
Wood
1% Wood
Natural gas 10% Naotural gas
31% 26%
Figure 17 NOx emissions, fuel origin.
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Figure 18 NO, emission time-series for stationary combustion.



5.3 NMVOC

Stationary combustion plants account for 25 % of the national NMVOC
emission. Table 14 presents the NMVOC emission inventory for the sta-
tionary combustion subcategories.

Residential plants are the largest emission source accounting for 79 %
of the emission from stationary combustion plants. For residential
plants NMVOC is mainly emitted from wood and straw combustion,
see Figure 19.

Electricity and heat production is also a considerable emission source,
accounting for 10 % of the emission. Lean-burn gas engines have a rela-
tively high NMVOC emission factor and are the most important emis-
sion source in this subcategory (see Figure 19). The gas engines are ei-
ther natural gas or biogas fuelled.

Time-series for NMVOC emission from stationary combustion are
shown in Figure 20. The emission has increased by 104 % from 1985
and 109 % from 1990. The increased emission is mainly a result of the
increasing wood consumption in residential plants and of the increased
use of lean-burn gas engines in CHP plants as discussed in Chapter
13.7.3.

The emission from residential plants in 2007 was 2.1 times the 1990
level. The NMVOC emission from wood combustion in 2007 was 3.1
times the 1990 level due to increased wood consumption. However, the
emission factor has decreased since 1990 due to installation of modern
stoves and boilers with improved combustion technology. Further the
emission from straw combustion in farmhouse boilers has decreased
(43 %) over this period due to a decrease in straw consumption in this
source category.

The use of wood in residential boilers and stoves was relatively low in
1998-99 resulting in a lower emission level.

Table 14 NMVOC emission from stationary combustion plants, 2007".

2007 Mg Secvityand  frofming
1A1a Public electricity and heat e Aot neatproducton [ 001% 10 R s
production 2 698 ! Forestry/ 0,2%
Fisheries
1A1b Petroleum refining 3 5% 2 tnaustry
1A1c Other energy industries 42 1A4a
Commercial /
1A2 Industry 571 Institutional
3%
1A4a Commercial/Institutional 732
1A4b Residential 20 957
1A4c Agriculture/Forestry/Fisheries 1 379 Residenta
Total 26 382 o

Y Only emission from stationary combustion plants in the categories is included.
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Figure 19 NMVOC emission from Residential plants and from Electricity and heat
production, 2007.

——1A1a Public

30 1 electricity and heat
i production
)i —=—1A1b Petroleum
25 refining
Total
1A1c Other energy
20 P industries
S ]
S ——1A2 Industry
[©] 15 4
S .
= b ——1A4a Commercial /
z Institutional
10 y
] ——1A4b Residential
5
——1A4c Agriculture /
] Forestry / Fisheries
0 555559

=@~ Total

Figure 20 NMVOC emission time-series for stationary combustion.

54 CO

Stationary combustion accounts for 38 % of the national CO emission.
Table 15 presents the CO emission inventory for stationary combustion
subcategories.

Residential plants are the largest emission source, accounting for 81 %
of the emission. Wood combustion accounts for 90 % of the emission
from residential plants, see Figure 21. This is in spite of the fact that the
fuel consumption share is only 41 %. Combustion of straw is also a
considerable emission source whereas the emission from other fuels
used in residential plants is almost negligible.

Time-series for CO emission from stationary combustion are shown in
Figure 22. The emission has increased by 27 % from 1985 and 22 %
from 1990. The time-series for CO from stationary combustion plants
follows the time-series for CO emission from residential plants.

The consumption of wood in residential plants in 2007 was 4.1 times
the 1990 level. However, the CO emission factor for wood has de-
creased since 1990 causing the CO emission from wood combustion in
residential plants in 2007 to be only 3.2 times the 1990 level. Both straw



consumption and CO emission factor for residential plants have de-

creased since 1990.

Table 15 CO emission from stationary combustion plants, 2007".

2007
Mg

1A1a Public electricity and heat
production 8 854
1A1b Petroleum refining 295
1A1c Other energy industries 211
1A2 Industry 13574
1A4a Commercial/Institutional 846
1A4b Residential 138 661
1A4c Agriculture/Forestry/Fisheries 8 096
Total 170 467

energy industries
0,1%

1A4a
Commercial /
Institutional
0,5%

1|A1f. F.:Ublicd 1A1b Petroleum
electricity anc refining
heat production 01% 1A1c Other
o A
1A4c Agriculture 5%
/ Forestry /
Fisheries
5% ;/;2 Industry
%
1A4b
Residential
82%

Y Only emission from stationary combustion plants in the source categories is included.

Other
Straw fuels
8%

Wood
90%

Figure 21 CO emission sources, residential plants, 2007.
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6 Particulate matter (PM)

The emission of total suspended particulates (TSP), particulate matter <
10 pm (PMio) and particulate matter < 2.5 pm (PMa5) from Danish sta-
tionary combustion plants 2007 is presented in Table 16. The particu-
late matter (PM) emission is reported to the LRTAP Convention.

TSP from stationary combustion accounts for 54 % of the national emis-
sion. The emission shares for PMjy and PMy5 are 61 % and 75 %, re-

spectively.

Table 16 PM emissions, 2007".

Pollutant TSP PMiyp PMzs
Mg Mg Mg
1A1 Fuel combustion, Energy industries 1124 894 742
1A2 Fuel combustion, Manufacturing Industries and Construc-
tion (Stationary combustion)” 917 629 361
1A4 Fuel combustion, Other sectors (Stationary combustion)” 26 278 24 887 23 544
Emission from stationary combustion plants 28 319 26 410 24 648
National emission 52 299 43431 32746
Emission share for stationary combustion (%) 54 61 75

" Only emission from stationary combustion plants in the source categories is included.

Table 17 and Figure 23 show the PM emission inventory for the sta-
tionary combustion subcategories. Residential plants are the largest
emission source accounting for 93 % of the PM>s emission from sta-
tionary combustion plants.

The primary sources of PM emissions are:

e Residential boilers, stoves and fireplaces combusting wood

e Farmhouse boilers combusting straw

e Power plants primarily combusting coal

e Coal and residual o0il combusted in industrial boilers and processes

The PM emission from wood combusted in residential plants is the
predominant source. Thus 90 % of the PMzs emission from stationary
combustion is emitted from residential wood combustion. This corre-
sponds to 68 % of the national emission. A literature review (Nielsen et
al., 2003) and a Nordic Project (Sternhufvud et al., 2007) has demon-
strated that the emission factor uncertainty for residential combustion
of wood in stoves and boilers is extremely high.

Figure 24 shows the fuel consumption and the PMa5 emission of resi-
dential plants. Wood combustion accounts for 97 % of the PM>5 emis-
sion from residential plants in spite of a wood consumption share of 42
%.

Emission inventories for PM have only been reported for the years

2000-2007. Time-series for PM emission from stationary combustion are
shown in Figure 25. The emission of TSP, PMiy and PM> 5 has increased
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68 %, 69 % and 71 %, respectively, since year 2000. The increase is
caused by the increased wood combustion in residential plants. How-
ever, the PM emission factors has decreased for this emission source
category due to installation of modern stoves and boilers. The time-
series for PM emission from stationary combustion plants follows the
time-series for PM emission from residential plants.

Table 17 PM emission from stationary combustion plants, 2007").

TSPMg PMioMg PMysMg

1A1a Public electricity and heat production 1000 779 632
1A1b  Petroleum refining 121 113 108
1A1c Other energy industries 3 2 1
1A2  Industry 917 629 361
1A4a Commercial/Institutional 162 160 150
1A4b Residential 25604 24 253 22 954
1A4c  Agriculture/Forestry/Fisheries 512 475 440
Total 28319 26410 24 648

" Only emission from stationary combustion plants in the source categories is included.

TSP
1A1b 1A1c Other
1A1a Public Petroleum energy
electricity and refining industries
) 19
1A4c Z;atproductlon 0,4% 0,01%
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0,6%
1A4b
Residential
90%
PMyo
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heat production 0,4% 0,01%
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/ Forestry / o
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Residential
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Figure 23 PM emission sources, stationary combustion plants, 2007.
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Figure 25 PM emission time-series for stationary combustion.
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7 Heavy metals

Emission inventories for nine heavy metals (HM) are reported to the
LRTAP Convention. Three of the metals are considered priority metals:
Pb, Cd and Hg. The 2007 emissions are presented in Table 18.

Stationary combustion plants are the most important emission sources
for heavy metals. For Cu the emission share from stationary combus-
tion plants is 12 %, but for all other heavy metals the emission share is
more than 75 %, see Table 18.

Table 18 The emission of heavy metals, 2007.

Pollutant Pb Cd Hg As Cr Cu Ni Se Zn
Mg Mg Mg Mg Mg Mg Mg Mg Mg
1A1 Fuel combustion, Energy industries 357 025 049 036 066 0.73 2.33 1.24 1555

1A2 Fuel combustion, Manufacturing Industries
and Construction (Stationary combustion) 081 0.17 025 0.20 037 0.18 495 0.54 1.35

1A4 Fuel combustion, Other sectors (Stationary

combustion)

023 027 032 005 006 030 0.62 0.11 5.39

Emission from stationary combustion plants 461 069 1.06 061 1.09 122 790 1.89 22.29

National emission

6.177 0.75 112 063 136 999 8.72 1.99 28.18

Emission share for stationary combustion, in % 75 92 95 97 80 12 91 95 79

Table 19 and Figure 26 present the heavy metal emission inventory for
the stationary combustion subcategories. The source categories Electric-
ity and heat production and Industry have the highest emission shares.
Electricity and heat production accounts for 77 %, 34 % and 45 % of the
emission of the priority metals Pb, Cd and Hg, respectively. Residential
plants accounts for 37 % of the Cd emission. More than 97 % of the Cd
emission from residential plants originates from wood combustion®.

5 The applied emission factor for Cd is 6.8 mg/GJ. This is a considerably higher
emission factor than suggested in the 2007 EMEP/CORINAIR Emission inventory
Guidebook (EEA 2007) which is 1.4 mg/G]J. HM emission factors from the Guide-
book (EEA 2007) might be applied for residential wood combustion in future in-
ventoies.



Table 19 Heavy metal emission from stationary combustion plants, 2007".

As Cd Cr Cu Hg Ni Pb  Se Zn

kg kg kg kg kg kg kg kg kg
1A1a Public electricity and heat production 348 236 633 723 482 1802 3546 123215547
1A1b Petroleum refining 12 1 27 N 4 528 19 10 2
1A1c Other energy industries 0 0 0 0 0 0 0 0 0
1A2 Industry 202 169 371 180 254 4951 812 538 1351
1Ada Commercial/Institutional 6 1 10 13 12 152 14 11 176
1A4b Residential 26 252 23 275 289 27 184 88 5167
1Adc Agriculture/Forestry/Fisheries 16 11 28 18 20 442 35 9 51
Total 610 689 1092 1218 1061 7902 4609 188922 294

" Only emission from stationary combustion plants in the source categories is included.

Table 20 presents the emission share for municipal waste incineration

plants.

Table 20 Heavy metal emission share for municipal waste incineration plants, 2007.

Pollutant Emission share, %

As 30
Cd 25
Cr 37
Cu 44
Hg 21
Ni 9

Pb 70
Se 1

Zn 61
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Figure 26 Heavy metal emission sources, stationary combustion plants, 2007.

Time-series for heavy metal emissions are provided in Figure 27. Emis-
sions of all heavy metals, except Zn, have decreased considerably since
1990, see Table 21. Emissions have decreased despite increased incin-
eration of municipal waste. This has been made possible due to instal-
lation and improved performance of gas cleaning devices in waste in-
cineration plants and also in large power plants, the latter being a fur-
ther important emission source.

The increasing Zn emission estimated in recent years might be a result
of insufficient data for recent years. Emission from MSW incineration
plants is the most important source of emission. For Se and Zn the
same emission factor has been applied since 1995 whereas a time-series
have been estimated for all other heavy metal emission factors (Nielsen



& Illerup 2003). As a part of ongoing work that will update several
emission factors for CHP plants, time-series for Se and Zn emission
from MSW incineration plants will be estimated. These time-series will
be included in future inventories.

The estimated As emission level decreased remarkably from 1994 to
1995. Plant-specific emission data for power plants are available for all
power plants from 1995 onwards and the general point source emission
factor for power plants has potentially been overestimated.

Table 21 Decrease in heavy metal emission 1990-2007.

Pollutant Decrease since 1990, %

As 58
Cd 34
Cr 82
Cu 66
Hg 65
Ni 63
Pb 70
Se 56
Zn -15
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8 PAH

Emission inventories for four polycyclic aromatic hydrocarbons (PAH)
are reported to the LRTAP Convention. The emission inventories for
PAH are presented in Table 22. Stationary combustion plants ac-
counted for more than 96 % of the PAH emission in 2007.

Table 22 PAH emission, 2007.

Pollutant o
el o)) v =

= = & = 4 S C

8. 22 X2 Tog

o2 o o o o e 5

N o NS NS o =

5 oE& ©t&t =TT

m3d m8 m8 £g

1A1 Fuel combustion, Energy industries 0.01 0.03  0.01 0.01
0.03 0.10 0.02 0.01

1A2 Fuel combustion, Manufacturing Industries
and Construction (Stationary combustion)

1A4 Fuel combustion, Other sectors (Stationary
combustion)

IN
©
o>}
o
N
©
N
®
~
w
w1
N

Emission from stationary combustion plants 499 532 290 354
National emission 5.06 5.42 3.01 3.62
Emission share for stationary combustion (%) 99 98 97 98

Table 23 and Figure 29 present the PAH emission inventories for the
stationary combustion subcategories. Residential combustion is the
largest emission source accounting for more than 90 % of the emission.
Combustion of wood is the predominant source, accounting for more
than 98 % of the PAH emission from residential plants, see Figure 29.

Time-series for PAH emission are presented in Figure 30. The increas-
ing (130 %-190 %) emission trend for PAH is a result of the increased
combustion of wood in residential plants. The time-series for wood
combustion in residential plants is also provided in Figure 30.

Table 23 PAH emission from stationary combustion plants, 2007".

2 =3 ¥

.2 .5 .§ dpg

g 2 £E ge

§g NE NS 58

e &2 &2 23

1A1a Public electricity and heat production 7 28 14 6
1A1b Petroleum refining 0 0 0 0
1A1c Other energy industries 0 0 0 0
1A2 Industry 30 104 16 8
1A4a Commercial/Institutional 171 225 75 122
1A4b Residential 4623 4787 2772 3139
1A4c Agriculture/Forestry/Fisheries 162 174 24 263
Total 4994 5319 2902 3538

" Only emission from stationary combustion plants in the source categories is included.
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Benzo(a)pyrene Benzo(b)fluoranthene
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Figure 28 PAH emission sources, stationary combustion plants, 2007.
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Figure 29 PAH emission from residential combustion plants (stationary), fuel origin.
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Figure 30 PAH emission time-series, stationary combustion plants. Comparison with wood consumption in residential
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9 Dioxin

Emission inventories for dioxin are reported to the LRTAP Convention.
The emission inventory for dioxin is presented in Table 24. Stationary
combustion plants accounted for 77 % of the dioxin emission in 2007.

Table 24 Dioxin emission, 2007.

Pollutant Dioxin, g I-teq
1A1 Fuel combustion, Energy industries 1.28
1A2 Fuel combustion, Manufacturing Industries and Construction 0.18
(Stationary combustion)
1A4 Fuel combustion, Other sectors (Stationary combustion) 19.87
Emission from stationary combustion plants 21.32
National emission 27.83
Emission share for stationary combustion 77 %

Table 25 presents the dioxin emission inventories for the stationary
combustion subcategories. In 2007 the emission from residential plants
accounts for 84 % of the emission. Combustion of wood is the pre-
dominant source accounting for 85 % of the emission from residential
plants (Figure 31).

Time-series for dioxin emission are presented in Figure 32. The dioxin
emission has decreased 55 % since 1990 mainly due to installation of
dioxin filters in MSW incineration plants. The emission from residential
plants has increased due to increased wood consumption in this source
category.

Table 25 Dioxin emission from stationary combustion plants, 2007".

Dioxin 1Ata Public :Qil‘?n Petroleum  1a1¢ Other
electricity and 0.0% 9 energy industries

g |-teq heat production ’ 0,0%

6%

1A1a Public electricity and heat

. 1A4c Agriculture (1)A;%Industry
production 1.28 ::Ea;;e:;rg/ )
1A1b Petroleum refining 0.00 7 g;g‘rt.nam.mia”
1A1c Other energy industries 0.00 g utonat
1A2  Industry 0.18
1A4a Commercial/Institutional 0.45 b
1A4b Residential 17.97 esidental
1A4c Agriculture/Forestry/Fisheries 1.44
Total 21.32

" Only emission from stationary combustion plants in the source categories is included.
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10 HCB

Emission inventories for hexachlorobenzene (HCB) are reported to the
LRTAP Convention. In this first inventory for HCB the emission has
been estimated only for stationary combustion plants and for crema-
tion. Stationary plants accounted for more than 99 % of the estimated
HCB emission in 2007.

Table 26 shows the HCB emission inventory for the stationary combus-
tion subcategories. Public electricity and heat production account for
more than 95 % of the emission. The main source is MSW incineration
plants.

The increasing emission trend follows the increasing combustion of
municipal waste. The installation of improved flue gas cleaning devices
has not been taken into account in this first inventory for HCB and thus
the apparent 132 % increase since 1990 might be misleading. The next
inventory will take emission factor time-series for incineration of mu-
nicipal waste into account. The time-series will be based on ongoing
work that includes HCB emission measurements from MSW incinera-
tion plants and from other CHP plants.

Table 26 HCB emission from stationary combustion plants, 2007".

HCB, 1A4a 1Ad4b 1A4c Agriculture
’ Commercial / Residential / Forestry /
kg Institutional 4% Fisheries
0,2% 0%
1A1a Public electricity and heat 3.79
production
1A1b Petroleum refining - Gz mausty
1A1c Other energy industries -
1A2 Industry 0.03
1A4a Commercial/Institutional 0.01
1A4b Residential 0.14 1A1a Public
1A4c Agriculture/Forestry/Fisheries  0.00 o
Total 3.97 95%

" Only the emission from stationary combustion plants in the source categories is
included.
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Fuel consumption, PJ

11 Sectoral trend

In addition to the data for stationary combustion this chapter presents
and discusses data for each of the subcategories in which stationary
combustion is included. Time-series are presented for fuel consump-
tion and emission.

11.1 1A1 Energy industries

The emission source category 1A1 Energy Industries consists of the sub-
categories:

¢ 1Ala Electricity and heat production.
e 1A1b Petroleum refining.
e 1Alc Other energy industries.

Figure 34 — 39 present time-series for the Energy Industries. Electricity
and heat production is the largest subcategory accounting for the main
part of all emissions. Time-series are discussed below for each subcate-

gory.
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Figure 39 Time-series for PAH, dioxin and HCB emission, 1A1 Energy industries.

\+ 1A1a Public electricity and heat production \

11.1.1 1A1a Electricity and heat production

Public electricity and heat production is the largest source category re-
garding both fuel consumption and greenhouse gas emissions for sta-
tionary combustion. Figure 40 shows the time-series for fuel consump-
tion and emissions of the pollutants included in the reporting to the
Climate Convention.

The fuel consumption in electricity and heat production was 14 %
higher in 2007 than in 1990. As discussed in Chapter 3 the fuel con-
sumption fluctuates mainly as a consequence of electricity trade. Coal
is the fuel that is affected the most by the fluctuating electricity trade.
Coal is the main fuel in the source category even in years with electric-
ity import. The coal consumption in 2007 was 22 % lower than in 1990.
Natural gas is also an important fuel and the consumption of natural
gas has increased since 1990, but decreased since 2003. A considerable



part of the natural gas is combusted in gas engines (Figure 34). The
consumption of municipal waste and biomass has increased.

The CO; emission was 9 % lower in 2007 than in 1990. This decrease —
in spite of a higher fuel consumption - is a result of the change of fuel
discussed above.

For CH4 the emission increase until the mid-nineties is a result of the
considerable number of lean-burn gas engines installed in CHP plants
in Denmark in this period. The decline in later years is due to structural
changes in the Danish electricity market, which means that the fuel
consumption in gas engines has been decreasing (Figure 34). The emis-
sion in 2007 was 8.5 times the 1990 emission level.

The N2O emission was 17 % higher in 2007 than in 1990. The emission
fluctuates similar to the fuel consumption.

The SO; emission has decreased 93 % since 1990. This decrease is a re-
sult of both lower sulphur content in fuels and installation and im-
proved performance of desulphurisation plants.

The NOx emission has decreased 63 % due to installation of low NOx
burners, selective catalytic reduction (SCR) units and selective non-
catalytic reduction (SNCR) units. The fluctuations in time-series follow
the fluctuations in fuel consumption and electricity trade.

The emission of NMVOC in 2007 was 2.7 times the 1990 emission level.
This is a result of the large number of gas engines that has been in-
stalled in Danish CHP plants as mentioned above.

The CO emission has increased 11 % since 1990. The fluctuations follow

the fluctuations of the fuel consumption. In addition the emission from
gas engines is considerable.
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11.1.2 1A1b Petroleum refining

Petroleum refining is a small source category regarding both fuel con-
sumption and greenhouse gas emissions for stationary combustion.
There are presently only two refineries operating in Denmark. Figure
41 shows the time-series for fuel consumption and emissions.

The significant decrease in both fuel consumption and emissions in
1996 is a result of the closure of a refinery.

The fuel consumption has increased 10 % since 1990 and the CO; emis-
sion has increased 8 %.

The reduction in CH4 emission from 1995 to 1999 is due to a combina-
tion of the closure of a refinery and a change of emission factor.

The N0 emission has increased 12 %.
The SO, emission has decreased 88 % and the NOy emission increased 9

%. In recent years data for both SO, and NOx are plant specific data
stated by the refineries.
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Figure 41 Time-series for 1A1b Petroleum refining.
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11.1.3 1A1c Other energy industries

The source category Other energy industries comprises natural gas con-
sumption in the off-shore industry. Gas turbines are the main plant
type. Figure 42 shows the time-series for fuel consumption and emis-
sions.

The fuel consumption in 2007 was three times the consumption in 1990.
The CO; emission follows the fuel consumption and the emission in
2007 was also three times the emission in 1990.

The two main sources for CH4 emission in 2007 was off-shore gas tur-
bines and biogas fuelled gas engines. The increase in emission from
2003 to 2006 is due to an increase in biogas consumption in gas engines.
The CH4 emission factor for biogas fuelled gas engines (323 g/QJ) is
much higher than emission factors for off-shore gas turbines (1.5 g/G]J)
and this causes the increase in CH4 emission despite the low consump-
tion of biogas in this emission source category.

The emissions from other pollutants follow the increase of fuel con-
sumption.
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Figure 42 Time-series for 1A1c Other energy industries.
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11.2 1A2 Industry

Manufacturing industries and construction (Industry) consists of both
stationary and mobile sources. In this chapter only stationary sources
are included.

Figure 43-48 show the time-series for fuel consumption and emissions.
The data have not been disaggregated to industrial subcategories due
to the fact that the Danish inventory is based on data for the industrial
plants as a whole. Disaggregation to subcategories for the reporting to
the Climate Convention is discussed in Chapter 13.8.

The total fuel consumption in industrial combustion has been rather
stable since 1990; the consumption has increased 7 %. However, the
consumption of gas has increased whereas the consumption of coal has
decreased. The consumption of residual oil has decreased, but the con-
sumption of petroleum coke increased. The biomass part of fuel have
not changed considerably since 1990.

The GHG emission and the CO, emission are both rather stable follow-
ing the small fluctuations in fuel consumption. In spite of the 7 % in-
crease of fuel consumption the CO, emission in 2007 was almost the
same as in 1990 due to the change of fuels.

The CHy emission has increased from 1995-2000 and decreased again
from 2004 onwards. In 2007 the emission was 43 % higher than in 1990.
The CH4 emission follows the consumption of natural gas in gas en-
gines. Most industrial CHP plants based on gas engines came in opera-
tion during 1995 to 1999. The decrease in later years is a result of the
liberalisation of the electricity market.

The N2O emission follows the small fluctuations of the fuel consump-
tion in industrial plants. In 2007 the emission was 2 % higher than in
1990.

The SO emission has decreased 57 % since 1990. This is mainly a result
of lower consumption of residual oil in the industrial sector. Further
the sulphur content of residual oil and several other fuels has de-
creased since 1990 due to legislation and tax laws.

The NOx emission fluctuations follow the fuel consumption in the ce-
ment production. However, the NOx emission has decreased 15 % since
1990 due to the reduced emission from industrial boilers in general.

The NMVOC emission has decreased 9 % since 1990. The decrease is a
result of decreased emission from boilers due to the decrease of coal
consumption that has a relatively high emission of NMVOC compared
to other fuels. The emission from gas engines has however increased
considerably after 1995 due to the increased fuel consumption that is a
result of the installation of a large number of industrial CHP plants.
The NMVOC emission factor for gas engines are much higher than for
emission factors for boilers regardless of the fuel.
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The CO emission in 2007 was 15 % lower than in 1990. The main source

of emission is combustion in mineral wool production. This emission
follows the fuel comsumption in the mineral wool production plants.
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Figure 43 Time-series for fuel consumption,1A2 Industry.
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11.3 1A4 Other Sectors

2000 2005

——1A2 Industry

The emission source category 1A4 Other Sectors consists of the subcate-

gories:

¢ 1A4a Commercial/Institutional plants.

e 1A4b Residential plants.
e 1Alc Agriculture/Forestry.

Figure 49-54 present time-series for the emission source category. Resi-
dential plants is the largest subcategory accounting for the largest part
of all emissions. Time-series are discussed below for each subcategory.
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Figure 53 Time-series for HM emission, 1A4 Other Sectors.
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Figure 54 Time-series for PAH, dioxin and HCB emission, 1A4 Other Sectors.

11.3.1 1Ad4a Commercial and institutional plants

The subcategory 1A4a Commercial and institutional plants has low fuel
consumption and emissions compared to the other stationary combus-
tion emission source categories. Figure 55 shows the time-series for fuel
consumption and emissions.

The fuel consumption in commercial/institutional plants has decreased
27 % since 1990 and there has been a change of fuel type. The fuel con-
sumption consists mainly of gas oil and natural gas. The consumption
of gas oil has decreased and the consumption of natural gas has in-
creased since 1990. The consumption of wood and biogas has also in-
creased. The wood consumption in 2007 was five times the consump-
tion in 1990.
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The CO; emission has decreased 44 % since 1990. Both the decrease of
fuel consumption and the change of fuels — from gas oil to natural gas -
contribute to the decreased CO, emission.

The CH4 emission in 2007 was four times the 1990 level. The increase is
mainly a result of the increased emission from natural gas fuelled en-
gines. The emission from biogas fuelled engines and from combustion
of wood also contribute to the increase. The time-series for consump-
tion of natural gas and biogas are shown in Figure 49.

The N2O emission in 2007 was 45 % lower than in 1990. This decrease is
a result of lower fuel consumption and of the change of fuel from gas
oil to natural gas. The emission from wood combustion have, however,
been increasing. The fluctuations of the N>O emission follow the fuel
consumption.

The SO, emission has decreased 90 % since 1990. The decrease is a re-
sult of both the change of fuel from gas oil to natural gas and of the
lower sulphur content in gas oil and in residual oil. The lower sulphur
content (0.05 % for gas oil since 1995 and 0.7 % for residual oil since
1997) is a result of Danish tax laws (Bek. 688 1998).

The NOx emission was 34 % lower in 2007 than in 1990. The decrease is
mainly a result of the lower fuel consumption but also the change from
gas oil to natural gas has contributed to the decrease. The emission
from gas engines and wood combustion has increased.

The NMVOC emission in 2007 was almost four times the 1990 emission
level. The large increase is a result of the increased combustion of wood
that is the main source of emission. The increased consumption of
natural gas in gas engines also contribute to the increased NMVOC
emission.

The CO emission has decreased 5 % since 1990. The emission from
wood and from natural gas fuelled engines and boilers has increased
whereas the emission from gas oil has decreased. This is a result of the
change of fuels applied in the sector.
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11.3.2 1A4b Residential plants

The emission source category 1A4b Residential plants consists of both
stationary and mobile sources. In this chapter only stationary sources
are included. Figure 56 shows the time-series for fuel consumption and
emissions.

For residential plants the total fuel consumption has been rather stable,
and in 2007 the consumption was 4 % higher than in 1990. However,
the consumption of gas oil has decreased since 1990 whereas the con-
sumption of wood has increased considerably (four times the 1990
level). The consumption of natural gas has also increased since 1990.

The CO; emission has decreased by 37 % since 1990. This decrease is
mainly a result of the considerable change of applied fuel from gas oil
to wood and natural gas.

The CHs emission from residential plants has increased to almost three
times the 1990 level due to the increased combustion of wood in resi-
dential plants, which is the main source of emission. The increased
emission from gas engines also contributes to the increased emission.

The N>O emission follows the fluctuations of the total fuel consump-
tion. The change of fuel from gas oil to wood has resulted in a 25 % in-
crease of N>O emission since 1990 due to a higher emission factor for
wood than for gas oil.

The large decrease (61 %) of SO2 emission from residential plants is
mainly a result of a change of sulphur content in gas oil since 1995. The
lower sulphur content (0.05 %) is a result of Danish tax laws (Bek. 688
1998).

The NOy emission has increased by 35 % since 1990 due to the in-
creased emission from wood combustion. The emission factor for wood
is higher than for gas oil.

The emission of NMVOC has increased to 2.4 times the 1990 level due
to the increased combustion of wood. The emission factor for wood
have decreased since 1990, but not as much as the increase in consump-
tion of wood. The emission factor for wood and straw is much higher
than for other fuels.

The CO emission has increased 63 % due to the increased use of wood
that is the main source of emission. The emission from combustion of
straw has decreased since 1990.
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11.3.3 1A4c Agriculture/forestry

The emission source category 1A4c Agriculture/forestry consists of both
stationary and mobile sources. In this chapter only stationary sources
are included. Figure 57 shows the time-series for fuel consumption and
emissions.

For plants in agriculture/forestry the fuel consumption has decreased
23 % since 1990. A remarkable decrease of fuel consumption has taken
place in recent years.

The type of fuel that has been applied has changed since 1990. In the
years 1994-2004 the consumption of natural gas was high, but in recent
years the consumption decreased again. A large part of the natural gas
consumption has been applied in gas engines (Figure 49). Most CHP
plants in agriculture/forestry based on gas engines came in operation
in 1995-1999. The decrease in later years is a result of the liberalisation
of the electricity market.

The consumption of straw has decreased since 1990. The consumption
of both residual oil and gas oil has increased after 1990 but has de-
creased again in recent years.

The CO; emission in 2007 was 28 % lower than in 1990. The CO; emis-
sion increased from 1990 to 1996 due to increased fuel consumption.
Since 1996 the CO; emission has decreased in line with the decrease in
fuel consumption.

The CH4 emission in 2007 was 39 % higher than the emission in 1990.
The emission follows the time-series for natural gas combusted in gas
engines (Figure 49). The emission from combustion of straw has de-
creased as a result of the decreasing consumption of straw in the sector.

The emission of N2O has decreased by 34 % since 1990. The decrease is
a result of the lower fuel consumption as well as the change of fuel. The
decreasing consumption of straw contributes considerably to the de-
crease of emission.

The SO, emission was 47 % lower in 2007 than in 1990. The emission
decreased from 1990 to 2002 and increased after 2002. The main emis-
sion sources are coal, residual oil and straw and it is mainly the in-
crease of coal combustion in the sector that has caused the increase of
SO; emission in recent years.

The emission of NOyx was 23 % lower in 2007 than in 1990. This is in
line with the decrease of fuel consumption.

The emission of NMVOC has decreased 36 % since 1990. The major
emission source is combustion of straw. The consumption of straw has
decreased since 1990.

The CO emission has decreased 73 % since 1990. The major emission
source is combustion of straw. In addition to the decrease of straw con-
sumption the emission factor for straw has also decreased since 1990.
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12 Geographical distribution of the
emissions

Geographical distribution of emissions has been reported to the LRTAP
Convention for the years 1990, 1995, 2000 and 2005 (Jensen et al., 2008).
The emissions are disaggregated to a grid of 50x50 km2. Gridded data
are reported for SO, NOx, NMVOC, CO, PM, heavy metals, dioxin and
PAH. The assumptions and methodology will not be discussed here,
but gridded emission data for SO, are illustrated in Figure 58. The
gridded emission data are available on the EU EIONET (European En-
vironment Information and Observation Network) homepage, which
can be linked from the NERI home page, www.dmu.dk.

Giga gram | year

[ Jooo-0.02
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Figure 58 Gridded SO, emission from stationary combustion, 2005 (Jensen et al.,
2008).



13 Methodological issues

The Danish emission inventory is based on the CORINAIR (CORe IN-
ventory on AIR emissions) system, which is a European program for
air emission inventories. CORINAIR includes methodology structure
and software for inventories. The methodology is described in the
EMEP/CORINAIR Emission Inventory Guidebook 3rd edition, 2007
update, prepared by the UNECE/EMEP Task Force on Emissions In-
ventories and Projections (EEA 2007). Emission data are stored in an
Access database, from which data are transferred to the reporting for-
mats.

The emission inventory for stationary combustion is based on activity
rates from the Danish energy statistics. General emission factors for
various fuels, plants and sectors have been determined. Some large
plants, such as power plants, are registered individually as large point
sources and plant-specific emission data are used.

13.1 Emission source categories

In the Danish emission database all activity rates and emissions are de-
fined in SNAP sector categories (Selected Nomenclature for Air Pollu-
tion) according the CORINAIR system. The emission inventories are
prepared from a complete emission database based on the SNAP
source categories. Aggregation to the source category codes used for
both the Climate Convention and the LRTAP Convention is based on a
correspondence list enclosed in Appendix 3.

The emission source codes applied in the reporting activity will be re-
ferred to as IPCC source categories. The IPCC source categories define
six main source categories, listed in Table 27, and a number of subcate-
gories. Stationary combustion is part of the IPCC source category 1, En-
ergy. Table 28 presents subcategories in the IPCC energy category. The
table also presents the source category in which the NERI documenta-
tion is included. Though industrial combustion is part of the stationary
combustion detailed documentation for some of the specific industries
is discussed in the industry chapters/reports. Stationary combustion is
defined as combustion activities in the SNAP categories 01-03.

Table 27 |IPCC main source categories.
1. Energy

Industrial Processes

Solvent and Other Product Use
Agriculture

Land-Use Change and Forestry
Waste

ook WD
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Table 28

IPCC emission source subcategories for energy.

IPCC id IPCC source category name NERI documentation

1 Energy Stationary combustion, Transport, Fugitive,
Industrial Processes

1A Fuel Combustion Activities Stationary combustion, Transport, Industrial
Processes

1A1 Energy Industries Stationary combustion

1A1a Electricity and Heat Production Stationary combustion

1A1b Petroleum Refining Stationary combustion

1A1c Solid Fuel Transf./Other Energy Industries  Stationary combustion

1A2 Fuel Combustion Activities/Industry (ISIC)  Stationary combustion, Transport, Industrial
Processes

1A2a Iron and Steel Stationary combustion, Industrial Processes

1A2b Non-Ferrous Metals Stationary combustion, Industrial Processes

1A2c Chemicals Stationary combustion, Industrial Processes

1A2d Pulp, Paper and Print Stationary combustion, Industrial Processes

1A2e Food Processing, Beverages and Tobacco Stationary combustion, Industrial Processes

1A2f Other (please specify) Stationary combustion, Transport, Industrial
Processes

1A3 Transport Transport

1A3a Civil Aviation Transport

1A3b Road Transportation Transport

1A3c Railways Transport

1A3d Navigation Transport

1A3e Other (please specify) Transport

1A4 Other Sectors Stationary combustion, Transport

1Ada Commercial/Institutional Stationary combustion

1A4b Residential Stationary combustion, Transport

1A4c Agriculture/Forestry/Fishing Stationary combustion, Transport

1A5 Other (please specify) Stationary combustion, Transport

1A5a Stationary Stationary combustion

1A5b Mobile Transport

1B Fugitive Emissions from Fuels Fugitive

1B1 Solid Fuels Fugitive

1B1a Coal Mining Fugitive

1B1al  Underground Mines Fugitive

1B1a2 Surface Mines Fugitive

1B1b Solid Fuel Transformation Fugitive

1Bic Other (please specify) Fugitive

1B2 QOil and Natural Gas Fugitive

1B2a Qil Fugitive

1B2a2  Production Fugitive

1B2a3 Transport Fugitive

1B2a4  Refining/Storage Fugitive

1B2a5 Distribution of oil products Fugitive

1B2a6 Other Fugitive

1B2b Natural Gas Fugitive

1B2b1  Production/processing Fugitive

1B2b2  Transmission/distribution Fugitive

1B2c Venting and Flaring Fugitive

1B2c1  Venting and Flaring Oil Fugitive

1B2c2  Venting and Flaring Gas Fugitive

1B2d Other Fugitive

Stationary combustion plants are included in the emission source sub-
categories to Energy, Fuel combustion:

e 1Al Energy Industries.

¢ 1A2 Manufacturing Industries and Construction.

e 1A4 Other Sectors.



However, the emission sources 1A2 and 1A4 also include emission
from transport subcategories. The emission source 1A2 includes emis-
sions from some off-road machinery in the industry. The emission
source 1A4 includes off-road machinery in agriculture, forestry and
household/

gardening. Further emissions from national fishing are included in
subcategory 1A4.

The emission and fuel consumption data included in tables and figures
in this report only include emissions originating from stationary com-
bustion plants of a given IPCC source category. The IPCC source cate-
gory codes have been applied unchanged, but some source category
names have been changed to reflect the stationary combustion element
of the source.

The CO; emission from calcination is not part of the source category
Energy. This emission is included in the source category Industrial Proc-
esses.

13.2 Tiers

The emission inventory is based on the methodology referred to as Tier
2 and Tier 3 in the IPCC Guidelines (IPCC 1997).

13.3 Large point sources

Large emission sources such as power plants, industrial plants and re-
fineries are included as large point sources in the Danish emission da-
tabase. Each point source may consist of more than one part, e.g. a
power plant with several units. By registering the plants as point
sources in the database it is possible to use plant-specific emission fac-
tors.

In the inventory for the year 2007, 71 stationary combustion plants are
specified as large point sources. These point sources include:

e Power plants and decentralised CHP plants (combined heat and
power plants).

e Municipal waste incineration plants.

e Large industrial combustion plants.

e Petroleum refining plants.

The criteria for selection of point sources consist of the following:

e All centralized power plants, including smaller units.

e All units with a capacity of above 25 MWe.

e All district heating plants with an installed effect of 50 MW, or
above and a significant fuel consumption.

e All waste incineration plants obliged to publish annual environ-
mental reports accoring to Danish law (Miljestyrelsen 2006).

e Industrial plants,
e with an installed effect of 50 MW, or above and significant fuel

consumption.
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e with a significant process related emission.

The fuel consumption of stationary combustion plants registered as
large point sources in the 2007 inventory was 333 PJ. This corresponds
to 60 % of the overall fuel consumption for stationary combustion.

A list of the large point sources for 2007 and the fuel consumption rates
is provided in Appendix 8. The number of large point sources regis-
tered in the databases increased from 1990 to 2007.

The emissions from a point source are based either on plant specific
emission data or, if plant specific data are not available, on fuel con-
sumption data and the general Danish emission factors. Appendix 8
shows which of the emission data for large point sources are plant-
specific and the corresponding share of the emission from stationary
combustion.

SO, and NOx emissions from large point sources are often plant-
specific based on emission measurements. CO, emission factors are
plant specific for some of the major power plants. Emissions of CO and
NMVOC are also plant-specific for some plants. Plant-specific emission
data are obtained from:

¢ Annual environmental reports.

¢ Annual plant-specific reporting of SO2 and NOx from power plants
>25MW. prepared for the Danish Energy Agency due to Danish
legislatory requirement.

e Emission data reported by DONG Energy and Vattenfall, the two
major electricity suppliers.

e (CO; data reported under the EU Emission Trading Scheme.

e Emission data reported from industrial plants.

Annual environmental reports for the plants include a considerable
number of emission data sets. Emission data from annual environ-
mental reports are, in general, based on emission measurements, but
some emissions have potentially been calculated from general emission
factors.

If plant-specific emission factors are not available, general area source
emission factors are used. Emissions of the greenhouse gases CHs and
N20 from the large point sources are all based on the area source emis-
sion factors.

13.4 Area sources

Fuels not combusted in large point sources are included as source cate-
gory specific area sources in the emission database. Plants such as resi-
dential boilers, small district heating plants, small CHP plants and
some industrial boilers are defined as area sources. Emissions from
area sources are based on fuel consumption data and emission factors.
Further information on emission factors is provided in Chapter 13.7.



13.5 Activity rates, fuel consumption

The fuel consumption rates are based on the official Danish energy sta-
tistics prepared by the Danish Energy Agency (DEA). The DEA aggre-
gates fuel consumption rates to SNAP categories (DEA 2008a). Some
fuel types in the official Danish energy statistics are added to obtain a
less detailed fuel aggregation level, cf. Appendix 5. The calorific values
on which the energy statistics are based are also enclosed in Appendix
5. The correspondence list between the energy statistics and SNAP
categories is enclosed in Appendix 13.

The fuel consumption of the IPCC category Manufacturing industries and
construction (corresponding to SNAP category 03 Combustion in manu-
facturing industries) is not disaggregated into specific industries in the
NERI emission database. So far disaggregation into specific industries
is only estimated for the reporting to the Climate Convention. The dis-
aggregation of fuel consumption and emissions from the industrial
category is discussed in Chapter 13.8.

Both traded and non-traded fuels are included in the Danish energy
statistics. Thus, for example, estimation of the annual consumption of
non-traded wood is included.

Petroleum coke purchased abroad and combusted in Danish residential
plants (border trade of 251 TJ) is added to the apparent consumption of
petroleum coke and the emissions are included in the inventory.

The fuel consumption data for large point sources refer to the EU Emis-
sion Trading Scheme (EU ETS) data for plants for which the CO, emis-
sion also refer to EU ETS, see Chapter 13.7.1.

For all other large point sources the fuel consumption refer to a DEA
database (DEA 2008c). The DEA compiles a database for the fuel con-
sumption of each district heating and power-producing plant, based on
data reported by plant operators.

The fuel consumption of area sources is calculated as total fuel con-
sumption minus fuel consumption of large point sources.

The Danish national energy statistics includes three fuels used for non-
energy purposes, bitumen, white spirit and lubricants. The total con-
sumption for non-energy purposes is relatively low, e.g. 13.2 PJ in 2007.
The use of white spirit is included in the inventory in Solvent and other
product use (Nielsen et al., 2009). The emissions associated with the use
of bitumen and lubricants are included in [ndustrial Processes (Nielsen
et al., 2009). The non-energy use of fuels is included in the reference
approach for Climate Convention reporting.

In Denmark all municipal waste incineration are utilised for heat and
power production. Thus, incineration of waste is included as stationary
combustion in the source category Energy (subcategories 1A1, 1A2 and
1A4).

Fuel consumption data are presented in Chapter 3.

89



90

13.6 Town gas

Town gas is included in the fuel category natural gas.

The consumption of town gas in Denmark is very low, e.g. 0.4 PJ in
2007. In 1990 the town gas consumption was 1.5 PJ and the consump-

tion has been steadily decreasing through out the time-series.

In Denmark town gas is produced based on natural gas. The use of coal
for town gas production ceased in the early 1980s.

An indicative composition of town gas according to the largest supplier
of town gas in Denmark is shown in Table 29 (KE, 2009).

Table 29 Composition of town gas currently used (KE, 2009).

Component Town gas, % (mol.)
Methane 43.9
Ethane 29
Propane 1.1

Butane 0.5

Carbon dioxide 0.4
Nitrogen 40.5
Oxygen 10.7

The lower heating value of the town gas currently used is 19.3 M] pr
Nm? and the CO; emission factor 56.4 kg pr GJ. This is very close to the
emission factor used for natural gas of 56.78 kg pr GJ. According to the
supplier both the composition and heating value will change during
the year. It have not been possible to obtain a yearly average.

In earlier years the composition of natural gas was somewhat different.
Table 30 is constructed with the input from Kebenhavns Energi (KE)
(Copenhagen Energy) and Danish Gas Technology Centre (DGC).
(Jeppesen 2008 and Kristensen 2007) The data refer to three measure-
ments performed several years apart; the first in 2000 and the latest in
2005.

Table 30 Composition of town gas, information from the period 2000-2005.

Component Town gas,
% (mol.)
Methane 22.3-27.8
Ethane 1.2-1.8
Propane 0.5-0.9
Butane 0.13-0.2
Higher hydrocarbons 0-0.6
Carbon dioxide 8-11.6
Nitrogen 15.6-20.9
Oxygen 2.3-3.2
Hydrogen 35.4-40.5
Carbon monoxide 2.6-2.8

The lower calorific value has been between 15.6 and 17.8 MJ pr Nms3.
The CO; emission factors - derived from the few available measure-
ments - is in the range of 52-57 kg pr GJ.



The Danish approach includes town gas as part of the fuel category
natural gas and thus indirectly assumes the same CO, emission factor.
This is a conservative approach ensuring that the CO, emissions are not
underestimated.

Due to the scarce data available and the very low consumption of town
gas compared to consumption of natural gas, the methodology will be
applied unchanged in future inventories.

13.7 Emission factors

For each fuel and SNAP category (sector and e.g. type of plant) a set of
general area source emission factors has been determined. The emis-
sion factors are either nationally referenced or based on the interna-
tional guidebooks: EMEP/CORINAIR Guidebook (EEA 2007) and
IPCC Reference Manual (IPCC 1997).

A complete list of emission factors including time-series and references
is provided in Appendix 6.

13.7.1 CO,, use of EU ETS data

The CO; emission factors for some large power plants and for combus-
tion in the cement industry are plant specific and based on the report-
ing to the EU Emission Trading Scheme (EU ETS). The EU ETS data
have been applied for the years 2006 and 2007.

The Danish emission inventory only includes data from plants using
higher tier methods as defined in a EU decision (EU Commission 2004),
where the specific methods for determining carbon contents, oxidation
factor and calorific value are specified. The EU decision includes rules
for measuring, reporting and verification. For more information re-
garding the specifics of the EU ETS please refer to the Commission
webpage:

http:/ /ec.europa.eu/environment/climat/emission/implementation
en.htm

NERI performs some QA/QC checks on the emission reports made by
the plants.

The EU ETS data for power plants include plant specific emission fac-
tors for coal, residual oil and gas oil. The EU ETS data account for 49 %
of the CO; emission from stationary combustion.

EU ETS data for 2007 were available from 14 coal fired plants. The
plant specific information accounts for roughly 85 % of the Danish coal
consumption and 34 % of the total CO, emission from stationary com-
bustion plants. The average CO» emission factor for coal for these 14
plants was 94.2 kg pr GJ (Table 31).
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Table 31 EU ETS data for 14 coal fired power plants, 2007.

Heating value, Oxidation factor ~ CO. implied emission factor,
GJ pr tonne kg pr GJ
Minimum value 23.8 0.97 93.2
Maximum value 24.9 0.998 95.1
Average 24.3 0.99 94.2

EU ETS data for 2007 based on higher tier methodologies were avail-
able from 17 units combusting residual oil and for two units combust-
ing gas oil. Aggregated data are shown in Table 32 and Table 33.

Table 32 EU ETS data for 17 power plant units combusting residual oil.

Heating value, Oxidation factor ~ CO, implied emission factor,
GJ pr tonne kg pr GJ
Minimum value 40.2 0.995 76.4
Maximum value 41.9 0.995 79.4
Average 40.8 0.995 78.2

Table 33 EU ETS data for 2 power plant units combusting gas oil.

Heating value, GJ  Oxidation factor  CO. implied emission factor,

pr tonne kg pr GJ
Minimum value 425 0.995 74.0
Maximum value 42.7 0.995 75.2
Average 42.6 0.995 74.8

Plant specific CO, emission factors have also been applied for the ce-
ment production, which is part of source category 1A2f Industry. These
data also refer to EU ETS. The applied fuels are: Coal, residual oil, pe-
troleum coke and waste (biomass and fossil).

13.7.2 CO,, other emission factors

The CO; emission factors that are not included in EU ETS data or that
are included but based on lower tier methodologies are not plant spe-
cific in the Danish inventory. The emission factors that are not plant
specific accounts for 51 % of the CO, emission.

The CO; emission factors applied for 2007 are presented in Table 34.
For municipal waste and natural gas time-series have been estimated.
For all other fuels the same emission factor has been applied for 1990-
2007.

In reporting for the Climate Convention, the CO, emission is aggre-
gated to five fuel types: Solid fuel, Liquid fuel, Gas, Biomass and Other
fuels. The correspondence list between the NERI fuel categories and the
IPCC fuel categories is also provided in Table 34.

Only emissions from fossil fuels are included in the total national CO»
emission. The biomass emission factors are also included in the table,
because emissions from biomass are reported to the Climate Conven-
tion as a memo item.

The CO; emission from incineration of municipal waste (94.5 + 17.6 kg
pr GJ) is divided into two parts: The emission from combustion of the
plastic content of the waste, which is included in the national total, and
the emission from combustion of the rest of the waste — the biomass
part, which is reported as a memo item. In the IPCC reporting, the CO»
emission from combustion of the plastic content of the waste is re-
ported in the fuel category, Other fuels. However, this split is not ap-



plied in either fuel consumption or other emissions, because it is only
relevant for COa. Thus, the full consumption of municipal waste is in-
cluded in the fuel category, Biomass, and the full amount of non-CO»
emissions from municipal waste combustion is also included in the
Biomass-category.

The CO; emission factors have been confirmed by the two major power
plant operators, both directly (Christiansen 1996 and Andersen 1996)
and indirectly, by applying the NERI emission factors in the annual
environmental reports for the large power plants and by accepting use
of the NERI factors in Danish legislation. However, for recent years
CO; emission factors for most power plants refer to EU ETS data.

Table 34 CO, emission factors 2007.

Fuel Emission factor Reference type IPCC fuel
Kg pr GJ

Biomass Fossil fuel Category
Coal 95"  Country specific Solid
Brown coal briquettes 94.62 IPCC 2007 Solid
Coke oven coke 108 IPCC 2007 Solid
Petroleum coke 923 Country specific Liquid
Wood 102 EEA 2004 Biomass
Municipal waste 9459 17.6%  Country specific Biomass/Other fuels
Straw 102 Country specific Biomass
Residual oil 78" EEA 2004 Liquid
Gas oil 74" EEA 2004 Liquid
Kerosene 72 EEA 2004 Liquid
Fish & rape oil 74 Country specific Biomass
Orimulsion 802  Country specific Liquid
Natural gas 56.78 Country specific Gas
LPG 65 EEA 2004 Liquid
Refinery gas 56.9 Country specific Liquid
Biogas 83.6 Country specific Biomass

" Plant specific data from EU ETS incorporated for individual plants.
2 Not applied in 2007.
3 Plant specific data from EU ETS incorporated for cement production.

Coal

The emission factor for coal, 95 kg pr GJ, is based on Fenhann & Kilde
(1994). The CO; emission factors have been confirmed by the two major
power plant operators in 1996 (Christiansen 1996 and Andersen 1996).
One of the major power plant owners (Elsam®) reconfirmed the factor
in 2001 (Christiansen 2001). The same emission factor has been applied
for 1990-2007.

As mentioned above EU ETS data have been utilised for the 2006 and
2007 emission inventories. The implied emission factor for the power
plants using coal was 94.2 kg pr GJ, see Chapter 13.7.1.

Brown coal briquettes
The emission factor for brown coal briquettes, 94.6 kg pr (], is based on

a default value from the IPCC Guidelines assuming full oxidation. The
default value in the IPCC Guidelines is 25.8 t C pr TJ, corresponding to

6 Elsam was one of the tow major power plant owners. Now part of DONG Energy.
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25.8:(1242-16)/12 = 94.6 kg CO, pr GJ assuming full oxidation. The
same emission factor has been applied for 1990-2007.

Coke oven coke

The emission factor for coke oven coke, 108 kg pr GJ, is based on a de-
fault value from the IPCC Guidelines assuming full oxidation. The de-
fault value in the IPCC guidelines is 29.5 t C pr TJ, corresponding to
29.5-(12+2-16)/12 = 108 kg CO, pr GJ assuming full oxidation. The
same emission factor has been applied for 1990-2007.

Petroleum coke

The emission factor for petroleum coke, 92 kg pr GJ, has been estimated
by SK Energy (a former major power plant operator in eastern Den-
mark) in 1999; based on a fuel analysis carried out by dk-Teknik in 1993
(Bech, 1999). The emission factor level was confirmed by a new fuel
analysis, which, however, is considered confidential. The same emis-
sion factor has been applied for 1990-2007.

Plant specific EU ETS data have been utilised for the cement produc-
tion in the 2006 and 2007 emission inventories, see Chapter 13.7.1.

Wood

The emission factor for wood, 102 kg pr GJ, refers to Fenhann & Kilde
(1994). The factor is based on the interval stated in a former edition of
the EMEP/CORINAIR Guidebook (EEA, 2004) and the actual value is
the default value from the CollectER database. The same emission fac-
tor has been applied for 1990-2007.

Municipal waste

The CO; emission from incineration of municipal waste is divided into
two parts: The emission from combustion of the plastic content of the
waste, which is included in the national total, and the emission from
combustion of the rest of the waste — the biomass part, which is re-
ported as a memo item.

The plastic content of waste was estimated to be 6.6 w/w% in 2003
(Hulgaard, 2003). The weight share, lower heating values and CO»
emission factors for different plastic types are estimated by Hulgaard
in 2003 (Table 35). The total weight share for plastic and for the various
plastic types is assumed to be the same for all years (NERI assump-
tion).



Table 35 Data for plastic waste in Danish municipal waste (Hulgaard 2003)"2.

Plastic type Mass share of plastic in Lower heating Energy content CO, emission  CO, emission

municipal waste in Denmark  value of plastic of plastic factor for plastic factor

kg plastic/ % of MJ pr kg MJ pr kg G pr MJ G prkg
kg municipal waste  plastic plastic municipal waste plastic municipal waste

PE 0.032 48 41 1.312 72.5 95
PS/EPS 0.02 30 37 0.74 86 64
PVC 0.007 11 18 0.126 79 10
Other
(PET, PUR, PC, 0.007 11 24 0.168 95 16
POM, ABS, PA etc.)
Total 0.066 100 35.5 2.346 78.7 185

Hulgaard (2003) refers to:

" TNO report 2000/119, Eco-efficiency of recovery scenarios of plastic packaging, Appendices, July 2001 by P.G. Eggels,
A.M.M. Ansems, B.L. van der Ven, for Association of Plastic Manufacturers in Europe.

2 Kost, Thomas, Brennstofftechnische Charakterisierung von Haushaltabfallen, Technische Universitat Dresden,
Eigenverlag des Forums fir Abfallwirtschaft und Altlasten e.V., 2001.

Based on emission measurements on five municipal waste incineration
plants (Jorgensen & Johansen, 2003) the total CO, emission factor for
municipal waste incineration has been determined to 112.1 kg pr GJ.
The CO; emission from the biomass part is the total CO, emission mi-
nus the CO; emission from the plastic part.

Thus, in 2003 the CO; emission factor for the plastic content of waste
was estimated to be 185g pr kg municipal waste (Table 35). The CO;
emission pr GJ of waste is calculated based on the lower heating values
for waste listed in Table 36 (DEA 2008b). It has been assumed that the
plastic content as a weight percentage is constant, resulting in a de-
creasing energy percentage since the lower heating value (LHV) is in-
creasing. However, the increasing LHV may be a result of increasing
plastic content in the municipal waste. Time-series for the CO, emis-
sion factor for plastic content in waste are included in Table 36.

Emission data from four waste incineration plants (Jergensen &
Johansen, 2003) demonstrate the fraction of the carbon content of the
waste not oxidised to be approximately 0.3 %. The un-oxidised fraction
of the carbon content is assumed to originate from the biomass content,
and all carbon originating from plastic are assumed to be oxidised.
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Table 36 CO. emission factor for municipal waste, plastic content and biomass content.

CO; emission  CO, emission

Lower heating CO, emission  CO, emission factor for factor for
value of munici- Plastic  factor for plas- factor for municipal waste, biomass content
Year pal waste " content tic ¥ plastic total ? of waste
GJprMg % of energy G pr kg waste Kg pr GJ waste Kg pr GJ waste Kg pr GJ waste

1990 8.20 28.6 185 22.5 112.1 89.6
1991 8.20 28.6 185 22.5 112.1 89.6
1992 9.00 26.1 185 20.5 112.1 91.6
1993 9.40 25.0 185 19.6 112.1 92.5
1994 9.40 25.0 185 19.6 112.1 92.5
1995 10.00 23.5 185 18.5 112.1 93.6
1996 10.50 22.3 185 17.6 112.1 94.5
1997 10.50 22.3 185 17.6 112.1 94.5
1998 10.50 22.3 185 17.6 112.1 94.5
1999 10.50 22.3 185 17.6 112.1 94.5
2000 10.50 22.3 185 17.6 112.1 94.5
2001 10.50 22.3 185 17.6 112.1 94.5
2002 10.50 22.3 185 17.6 112.1 94.5
2003 10.50 22.3 185 17.6 112.1 94.5
2004 10.50 22.3 185 17.6 112.1 94.5
2005 10.50 22.3 185 17.6 112.1 94.5
2006 10.50 22.3 185 17.6 112.1 94.5
2007 10.50 22.3 185 17.6 112.1 94.5

T DEA 2008b.

2 Based on data from Jgrgensen & Johansen (2003).
% From Table 35.

Plant specific EU ETS data have been utilised for cement production in
the 2006 and 2007 emission inventories, see Chapter 13.7.1.

Ongoing work (DTU, 2008) will improve the CO, emission factor and
improved time-series will be included in the 2010 emission inventory.

Straw

The emission factor for straw, 102 kg pr GJ refers to Fenhann & Kilde
(1994). The factor is based on the interval stated in the EMEP /Corinair
Guidebook (EEA, 2007) and the actual value is the default value from
the Collecter database. The same emission factor have been applied for
1990-2007.

Residual oil

The emission factor of 78 kg pr GJ refers to Fenhann & Kilde (1994).
The factor is based on the interval stated in the EMEP /Corinair Guide-
book (EEA, 2007). The factor is slightly higher than the IPCC default
emission factor for residual fuel oil (77.4 kg pr GJ assuming full oxida-
tion). The CO, emission factor has been confir