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Summary

| Background information on emission inventories
Annual report

This report is Denmark’s Annual Informative Inventory Report (IIR) due
March 15, 2014 to the UNECE Convention on Long-Range Transboundary
Air Pollution (LRTAP). The report contains information on Denmark’s in-
ventories for all years from the base years of the protocols to 2012.

The air pollutants reported under the LRTAP Convention are SO,, NOx,
NMVOC, CO, NHs, TSP, PMig, PM»5, As, Cd, Cr, Cu, Hg, Ni, Pb, Se, Zn, di-
oxins/furans, HCB, PCBs and PAHs,.

The annual emission inventory for Denmark is reported in the Nomencla-
ture for Reporting (NFR 2009) format. In December 2008 the current report-
ing guidelines were adopted by the EMEP Executive Body. Many of the new
elements and demands in the reporting guidelines have not been imple-
mented yet. The reason for this is that they require significantly more re-
sources, which are not currently available.

The issues addressed in this report are: trends in emissions, description of
each NFR category, uncertainty estimates, recalculations, planned improve-
ments and procedures for quality assurance and control. The structure of the
report follows to the extent possible the proposed outline.

Information contained in this report is available to the public on the Danish
Centre for Environment and Energy (DCE), Aarhus University’s homepage:

http:/ /envs.au.dk/videnudveksling /luft/emissioner /emissioninventory /

and this report and the NFR tables are available on the Eionet central data
repository:

http:/ /cdr.eionet.europa.eu/dk/Air Emission Inventories/Submission E
MEP_UNECE

Responsible institute

DCE-Danish Centre for Environment and Energy, Aarhus University, is on
behalf of the Danish Ministry of the Environment responsible for the annual
preparation and submission to the UNECE-LRTAP Convention of the An-
nual Danish Emissions Report and the inventories in the NFR format. DCE
participates in meetings under the UNECE Task Force on Emission Invento-
ries and Projections and the related expert panels, where parties to the con-
vention prepare the guidelines and methodologies on inventories.

Il Trends in emissions

Acidifying gases

In 1990, the relative contribution in acid equivalents was almost equal for the
three gases SO, NOx and NHz. In 2012, the most important acidification fac-
tor in Denmark is ammonia nitrogen and the relative contributions for SO,
NOx and NHs were 5 %, 34 % and 61 %, respectively. However, with regard



to long-range transport of air pollution, SO, and NOx are still the most im-
portant pollutants.

Sulphur dioxide (SO,)

The main part of the SO, emission originates from combustion of fossil fuels,
i.e. mainly coal and oil, in public power and district heating plants. From
1990 to 2012, the total emission decreased by 93 %. The large reduction is
mainly due to installation of desulphurisation plants and use of fuels with
lower content of sulphur in public power and district heating plants. Despite
the large reduction of the SO, emissions, these plants make up 25 % of the
total emission. Also emissions from industrial combustion plants, non-
industrial combustion plants and other mobile sources are important. Na-
tional sea traffic (navigation and fishing) contributes with about 13 % of the
total SO, emission in 2012. This is due to the use of residual oil with high
sulphur content.

Nitrogen oxide (NO,)

The largest sources of emissions of NOx are road transport followed by other
mobile sources and combustion in energy industries (mainly public power
and district heating plants). The transport sector is the sector contributing
the most to the emission of NOx and, in 2012, 49 % of the Danish emissions
of NOx stems from road transport, national navigation, railways and civil
aviation. Also emissions from national fishing and off-road vehicles contrib-
ute significantly to the NOx emission. For non-industrial combustion plants,
the main sources are combustion of gas oil, natural gas and wood in residen-
tial plants. The emissions from energy industries have decreased by 77 %
from 1990 to 2012. In the same period, the total emission decreased by 58 %.
The reduction is due to the increasing use of catalyst cars and installation of
low-NOx burners and denitrifying units in power plants and district heating
plants.

Ammonia (NH;)

Almost all atmospheric emissions of NHj result from agricultural activities.
Only a minor fraction originates from road transport (2.0 %) and stationary
combustion (0.2 %) in 2012. This share for road transport increased during
the 1990’s and early 2000’s due to growing use of catalyst cars. In more re-
cent years the share is again decreasing due to more advanced catalysts be-
ing implemented. The major part of the emission from agriculture stems
from livestock manure (80 %) and the largest losses of ammonia occur dur-
ing the handling of the manure in stables and in field application. Other con-
tributions come from use of mineral fertilisers (10 %), N-excretion on pasture
range and paddock (3 %), sewage sludge used as fertiliser, crops and am-
monia used for straw treatment (7 %) and field burning (less than 1 %). The
total ammonia emission decreased by 39 % from 1990 to 2012. This is due to
the active national environmental policy efforts over the past twenty years.

Other air pollutants

Non-methane volatile organic compounds (NMVOC)

The emissions of NMVOC originate from many different sources and can be
divided into two main groups: incomplete combustion and evaporation.
Road vehicles and other mobile sources such as national navigation vessels
and off-road machinery are the main sources of NMVOC emissions from in-
complete combustion processes. Road transportation vehicles are still the
main contributors, even though the emissions have declined since the intro-
duction of catalyst cars in 1990. The evaporative emissions mainly originate

11
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from the use of solvents and the extraction, handling and storage of oil and
natural gas. The emissions from the energy industries have increased during
the nineties due to the increasing use of stationary gas engines, which have
much higher emissions of NMVOC than conventional boilers. The total an-
thropogenic emissions have decreased by 52 % from 1990 to 2012, largely
due to the increased use of catalyst cars and reduced emissions from use of
solvents.

Carbon monoxide (CO)

Mobile sources and non-industrial combustion plants contribute significant-
ly to the total emission of this pollutant. Transport is the second largest con-
tributor to the total CO emission. In 1990 a law forbidding the burning of ag-
ricultural crop residues in the fields was implemented, which caused a sig-
nificant reduction in CO emission. The emission decreased further by 51 %
from 1990 to 2012, largely because of decreasing emissions from road trans-
portation.

Particulate Matter (PM)

The particulate matter (PM) emission inventory has been reported for the
years 2000 onwards. The inventory includes the total emission of particles
Total Suspended Particles (TSP), emission of particles smaller than 10 pum
(PM1p) and emission of particles smaller than 2.5 um (PM,s).

The largest PM» 5 emission sources are residential plants (67 %), road traffic
(10 %) and other mobile sources (8 %). For the latter, the most important
sources are off-road vehicles and machinery in the industrial sector and in
the agricultural/forestry sector (32 % and 37 %, respectively). For the road
transport sector, exhaust emissions account for the major part (60 %) of the
emissions. The PM» s emission increased by 3 % from 2000 to 2011, due to an
increasing wood consumption in the residential sector counteracted by a de-
crease in emission from the transport sector and to a less degree from manu-
facturing industries and construction.

The largest TSP emission sources are the residential sector and the agricul-
tural sector. The TSP emissions from transport are also important and in-
clude both exhaust emissions and the non-exhaust emissions from brake and
tyre wear and road abrasion. The non-exhaust emissions account for 65 % of
the TSP emission from road transport in 2012.

Heavy metals

In general, the most important sources of heavy metal emissions are com-
bustion of fossil fuels and waste. The heavy metal emissions have decreased
substantially in recent years, except for Cu. The reductions span from 27 %
to 91 % for Zn and Pb, respectively. The reason for the reduced emissions is
mainly increased use of gas cleaning devices at power and district heating
plants (including waste incineration plants). The large reduction in the Pb
emission is due to a gradual shift towards unleaded gasoline, the latter being
essential for catalyst cars. The major source of Cu is automobile tyre and
break wear (94 % in 2012) and the 30 % increase from 1990 to 2012 owe to in-
creasing mileage.

Cadmium (Cd)
The main sources of emissions of Cd to air are combustion in energy indus-
tries (mainly combustion of wood, wood waste and municipal waste) and



manufacturing industries (mainly combustion of residual oil). In the
transport sector emissions from passenger cars is the main source contrib-
uting with 57 % of the sectoral emission in 2012. The emission from non-
industrial combustion is dominated by wood combustion in residential
plants which accounts for 76 % of the sectoral emission in 2012. Emissions
from combustion in residential plants have increased by 97 % since 1990.
The decreasing emission from energy industries are related to the decreasing
combustion of coal.

Mercury (Hg)

The largest sources of Hg emissions to air are waste incineration and coal
combustion in energy industries. Due to improved flue gas cleaning and de-
creasing coal combustion the emissions from energy industries decreased by
76 % from 1990-2000. The trend has continued in the following years and the
corresponding decrease from 1990-2012 is 93 %. Non-industrial combustion
is dominated by wood combustion in residential plants while emissions
from the waste sector mainly owe to cremation. The variations in emissions
from industrial processes owe to shut down in 2002 followed by re-opening
and a second shut down in 2005 of the only Danish electro-steelwork.

Lead (Pb)

The main Pb emission sources are combustion in residential plants and en-
ergy industries and transport. In earlier years combustion of leaded gasoline
was the major contributor to Pb emissions to air but the shift toward use of
unleaded gasoline for transport have decreased the Pb emission from
transport by 94 % from 1990 to 2012. In the non-industrial combustion sector
the dominant source is wood combustion in residential plants. The trend in
the Pb emission from non-industrial combustion from 1990 to 2011 is almost
constant. This is due to a decrease in emission caused by the shift towards
unleaded gasoline, as this sector includes other mobile sources in household,
gardening, agriculture, forestry, fishing and military. This is counteracted by
an increase in the emission from residential plants. The decreasing emission
from energy industries (97 % from 1990 to 2012) is caused by the deceasing
coal combustion.

Polycyclic aromatic hydrocarbons (PAHs)

The present emission inventory for polycyclic aromatic hydrocarbons (PAH)
includes four PAHs: benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluor-
anthene and indeno(1,2,3-cd)pyrene. Benzo(b)fluoranthene and Benzo(a)py-
rene contribute the major PAH emission by 34 % and 32 %, respectively in
2012. The most important source of PAHs emissions is combustion of wood
in the residential sector making up 71 % of the total emission in 2012. The in-
creasing emission trend is due to increasing combustion of wood in the resi-
dential sector. The PAH emission from combustion in residential plants has
increased by 93 % from 1990 to 2012.

Dioxins and furans

The major part of the dioxin emission owes to wood combustion in the resi-
dential sector, mainly in wood stoves and ovens without flue gas cleaning.
Wood combustion in residential plants accounts for 60 % of the national di-
oxin emission in 2012. The contribution to the total dioxin emission from the
waste sector (25 % in 2012) owes to accidental fires, especially building fires.
The emissions of dioxins from energy industries mainly owe to the combus-
tion of biomass as wood, wood waste and to a less extend agricultural waste.
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Hexachlorobenzene (HCB)

Stationary combustion accounts for 66 % of the estimated national hexachlo-
robenzene (HCB) emission in 2012. This owes mainly to combustion of mu-
nicipal solid waste in heating and power plants. Transport is an important
source too and has increased by 58 % since 1990 due to increasing diesel
consumption. The HCB emission from stationary plants has decreased 74 %
since 1990 mainly due to improved flue gas cleaning in MSW incineration
plants. The emission from agriculture was very high in the early 1990s due
to the use of pesticides containing impurities of HCB. The HCB emission
from agriculture decreased by 94 % from 1990 to 1994, and by 99 % from
1990 to 2012, causing the share of HCB emission from agriculture to drop
from 69 % in 1990 to 5 % in 2012.

Polychlorinated biphenyls (PCBs)

Transport accounts for 59 % of the estimated national polychlorinated bi-
phenyls (PCBs) emission in 2012. This owes mainly to combustion of diesel
in road transport. The emission from transport has decreased by 73 % since
1990 due to the phase out of leaded gasoline, which has a high PCBs emis-
sion factor. This has led to diesel fuel use being the most important source of
PCBs emissions from transport in later years. The emission from manufac-
turing industries and non-industrial combustion is dominated by diesel fuel
used in non-road machinery.

lll Recalculations and Improvements

In general, considerable work is being carried out to improve the invento-
ries. Investigations and research carried out in Denmark and abroad pro-
duce new results and findings, which are given consideration and, to the ex-
tent which is possible, are included as the basis for emission estimates and as
data in the inventory databases. Furthermore, the updates of the
EMEP/EEA Guidebook, and the work of the Task Force on Emission Inven-
tories and its expert panels are followed closely in order to be able to incor-
porate the best scientific information as the basis for the inventories.

The implementation of new results in inventories is made in a way so that
improvements, as far as possible, better reflect Danish conditions and cir-
cumstances. This is in accordance with good practice. Furthermore, efforts
are made to involve as many experts as possible in the reasoning, justifica-
tion and feasibility of implementation of improvements.

In improving the inventories, care is taken to consider implementation of
improvements for the whole time series of inventories to make it consistent.
Such efforts lead to recalculation of previously submitted inventories. This
submission includes recalculated inventories for the whole time series. The
reasoning for the recalculations performed is to be found in the sectoral
chapters of this report. The text below focuses on recalculations, in general,
and further serves as an overview and summary of the relevant text in the
sectoral chapters. For sector specific planned improvements please also refer
to the relevant sectoral chapters.

Energy

Improvements and updates of the Danish energy statistics are made regular-
ly by the producer of the statistics, the Danish Energy Agency. In close co-
operation with the DEA, these improvements and updates are reflected in



the emission inventory for the energy sector. The Danish energy statistics
have, for the most part, been aggregated to the SNAP categorisation.

The inventories are still being improved through work to increase the num-
ber of large point sources, e.g. power plants, included in the databases as in-
dividual point sources. Such an inclusion makes it possible to use plant-
specific data for emissions, etc., available e.g. in annual environmental re-
ports from the plants in question.

Stationary Combustion

For stationary combustion plants, the emission estimates for the years 1990-
2011 have been updated according to the latest energy statistics published
by the Danish Energy Agency. The update included both end use and trans-
formation sectors as well as a source category update. The changes in the
energy statistics are largest for the years 2009, 2010 and 2011.

The emission factors for residential wood combustion have been revised ac-
cording to the EEA Guidebook update (EEA, 2013). This has caused large re-
calculations for residential plants.

The HCB emission inventory has been improved and an emission inventory
for dioxin-like PCB has been elaborated.

Mobile sources
The following recalculations and improvements of the emission inventories
have been made since the emission reporting in 2013.

Road transport

Based on the updated version of COPERT IV launched in 2013, new vehicle
sub categories have been introduced in the emission inventories for mopeds
and passenger cars. For mopeds a division is now made between 2-stroke
and 4-stroke engine technologies and for passenger cars small engine sizes
below 0.8 1. for gasoline and below 1.4 1. for diesel have been included. Also
NOx emission factors for euro 5 diesel passenger cars have been updated in
the model based on the new COPERT IV version.

Small errors in input gasoline fuel consumption for the years 2009-2011 and
for input diesel fuel consumption in the years 2010-2011 have been correct-
ed.

The percentage emission change interval and year of largest percentage dif-
ferences (low %; high %, year) for the different emission components are:
SOz (-0.5 %; 0.0 %, 2008), NOx (0.0 %; 4.3 %, 2011), NMVOC (-4.1 %; -1.1 %,
2011), NH3 (-1.3 %; 0.1 %, 2008) and TSP (-2.1 %; 0.0 %, 2011).

Navigation

Minor changes in ferry input data have been made for the years 2008-2011
causing minor emission changes for domestic navigation. The following
largest percentage differences (in brackets) for domestic navigation are not-
ed for: SOz (-0.2 %), NOx (-0.3 %), NMVOC (-0.5 %), NHs (0.0 %) and TSP (-
0.5 %).

Agriculture/forestry/fisheries

The number and engine size of machine pool tractors has been updated for
the years 2007-2011. The number of ATV’s has been changed for the years
2009-2011.
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Errors in the fuel consumption for fisheries in 2000, 2010 and 2011 have been
corrected.

In 2000 the following percentage differences (in brackets) for agricul-
ture/forestry/fisheries are noted for: SO, (18.2 %), NOx (11.1 %), NMVOC
(3.1 %), NHs (0.0 %) and TSP (3.1 %). due to fuel consumption changes in
fisheries.

For other years than 2000, the following largest percentage differences (in
brackets) are noted for: SO, (-12.1 %), NOx (-6.4 %), NMVOC (-0.8 %), NH;
(1.7 %) and TSP (-2.2 %).

Industry
The number of mini loaders has been updated for the years 2004-2011.

The following largest percentage differences (in brackets) for industrial non
road machinery are noted for: SO (1.7 %), NOx (1.6 %), NMVOC (1.9 %),
NHj; (1.6 %) and TSP (3.4 %).

Civil aviation

A small error in the NMVOC emission factor has been corrected for the
years 1985-2011, due to CH4 emission factor updates from 1985-2000 and
corrections in the general NMVOC-CHy split of VOC. The emission factors
are now in line with the factors proposed by the EMEP/EEA emission in-
ventory guidebook. The NMVOC emission percentage differences are be-
tween -3.1 % and 1.8 %.

Military

Emission factors derived from the new road transport simulations have
caused some emission changes from 1985-2011. The following largest per-
centage differences (in brackets) for military are noted for: SO; (0.0 %), NOx
(2.5 %), NMVOC (-1.1 %), NH3 (0.2 %) and TSP (-1.7 %).

Fugitive emissions

Service stations

The activity data has been updated for 2009-2011 according to the latest en-
ergy statistics published by the Danish Energy Agency. The largest recalcu-
lation for 2010 has changed the NMVOC emission by 0.02 ktonnes, corre-
sponding 0.2 % of the total fugitive NMVOC emission in 2010.

Natural gas transmission and distribution

Activity data and IEF for the time series 1990-2011 has been updated for
transmission and distribution according to annual environmental reports
and the latest national energy statistics, respectively. The largest recalcula-
tion for 2002 has changed the NMVOC emission by 0.75 ktonnes, corre-
sponding 4 % of the total fugitive NMVOC emission in 2010.

Venting

EFs for NMVOC have been added for the years 1990-1993 for one gas stor-
age plant. In these years the plant is treated as an area source in the national
system, while it is treated separately as a LPS in the following years. EFs are
based on data from annual reports for 1995-1999, as no data are available for
the years 1990-1994.



Further, a minor error has been applied for venting in 2011, according to the
annual report from one of the natural gas storage facilities.

The recalculation has changed the NMVOC emission by 0.02 ktonnes and
the CO emission by 0.07 ktonnes for each of the years 1990-1993, correspond-
ing 17% and 25 % of the total fugitive NMVOC and CO emission in 1993, re-
spectively.

Industrial processes

Emissions of HCB and PCBs have been included in the emission inventory.
Also, emissions from production of tar products have been included.

Solvent and other product use

Improvements and additions are continuously being implemented due to
the comprehensiveness and complexity of the use and application of sol-
vents and solvent containing products in industries and households. The
main recalculations and their implications on the emissions in the 2014 re-
porting include the following:

e Updated statistical data for the activities of tobacco, fireworks, candles
and charcoal for barbequing

e Emission factors for NHs, PCB, HCB, Cu, benzo(b)flouranthene, ben-
zo(k)flouranthene, benzo(a)pyrene and PCBs have been added for char-
coal for barbequing and PM;y and PM;5 have been added for the burning
of candles. Furthermore, emission factors for Cr, TSP, PMi; and PMa5
have been updated for charcoal for barbequing.

Agriculture

Compared with the previous NH3 and PM emissions inventory (submission
2013), some changes and updates have been made, see Table 6.24. These
changes cause a relatively high increase in the NH3 emission for all years
(1985-2011) between 5-10 % and a decrease in the PM emission 2000-2011 by
3-5 %.

The emission of NH; has increased all years due to change in the emission
factor for synthetic fertiliser as a consequence of updating of the EMEP/EEA
Guidebook (2013). Some other changes have been made, which slightly in-
creases the emission of NH; from manure management; number of geese all
years, number of weaners and fattening pigs in 2011 and change of distribu-
tion of housings for hens, also in 2011.

Emission of PM TSP decreased all years due to changes of emission factor in
the revised EMEP/EEA Guidebook (2013). The overall decrease is mainly
due to decrease in emission factor for fattening pigs and weaners.

Waste

For sector 6.C. Waste Incineration; changes were made to the human crema-
tion with flue gas cleaning emission factors for heavy metals (HMs), PAHs
and PCDD/Fs, the abatement of these pollutants by the newly installed flue
gas cleaning equipment have not previously been included in this report,
this change reduces the listed pollutants for 2011. Furthermore, an error has
been corrected for the PM, s emission factor for human cremation, as, cor-
rectly described in the text, the PM»5 emission is estimated as 80 % for the
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TSP and not 90 % as reported in the last submission; this correction reduces
the PM 5 emission for 2000-2010.

For sector 6.D. Waste Other several recalculations were made. NH; emission
factors for composting of sludge and organic municipal waste have been
updated. These new emission factors causes a decrease in NH3 emissions for
1985-1997 (0.3-0.7 %) and an increase for 1998-2011 (2.1-19.3 %)

For accidental vehicle fires, an update in vehicle population data has given a
small decrease in the FSE activity data for accidental tractor and combined
harvester fires. In addition to this, the average weight of caravans, mo-
torhomes, combined harvesters and motorcycles/mopeds have been updat-
ed to more well-founded expert judgments. Finally the emission factors for
particles and heavy metals have been updated. While the changes in activity
data leads to a general decrease in emissions for 1980-1999 (-16 % to -5 %)
and only subtle changes for 2000-2011 (-5 % to 4 %), the new emission factors
results in a strong increase in particle and heavy metal emissions for all
years 1980-2011 (1413-1874 %).

There are no recalculations for accidental building fires.



Sammenfatning

| Baggrund for emissionsopgerelser
Arlig rapport

Denne rapport er Danmarks arlige rapport om emissionsopgerelser sendt til
UNECE-konventionen om langtransporteret greenseoverskridende luftforu-
rening (LRTAP) 15. marts 2014. Rapporten indeholder oplysninger om
Danmarks opgerelser for alle ar fra basisarene for protokollerne til 2012.

Luftforureningskomponenterne der rapporteres til LRTAP-konventionen er
SO,, NOx, NMVOC, CO, NH;3, TSP, PMio, PMz5, As, Cd, Cr, Cu, Hg, Ni, Pb,
Se, Zn, dioxiner/furaner, HCB, PCBs og PAH.

Den arlige emissionsopgerelse for Danmark rapporteres i NFR 2009-
formatet. De nuveerende retningslinjer for rapportering blev vedtaget i de-
cember 2008 og de nye retningslinjer indeholder en reekke nye krav til udar-
bejdelsen af emissionsopgerelserne. Opfyldelsen af disse nye krav er endnu
ikke implementeret, da de er vaesentligt mere ressourcekraevende, og da der
ikke er afsat ressourcer hertil.

Emnerne behandlet i rapporten er: Udvikling i emissioner, beskrivelse af
hver NFR-kategori, usikkerheder, genberegninger, planlagte forbedringer og
procedure for kvalitetssikring og -kontrol. Strukturen i rapporten folger, sa
vidt muligt, den foresldede disposition.

Informationer fra denne rapport er tilgeengelige for offentligheden pa Aar-
hus Universitets hjemmeside:

http:/ /envs.au.dk/videnudveksling /luft/emissioner /emissioninventory /

Den fulde rapport samt NFR-skemaer er tilgeengelige pa Eionets hjemme-
side:

http:/ /cdr.eionet.europa.eu/dk/Air Emission Inventories/Submission E
MEP_UNECE

Ansvarlig institution

DCE - Nationalt Center for Milje og Energi, Aarhus Universitet, er pa vegne
af Miljeministeriet ansvarlig for udarbejdelse af den arlige danske emissi-
onsrapport og opgerelserne i NFR. DCE deltager i meder under UNECEs
arbejdsgruppe for emissionsopgerelser og —fremskrivninger samt ekspert-
paneler, hvor parter i konventionen udarbejder retningslinjer og metoder for
emissionsopgerelserne.

Il Udviklingen i emissioner

Forsurende gasser

11990 var det relative bidrag af syresekvivalenter neesten ens for de tre gas-
arter SO2, NO, og NHs. 1 2011 var ammoniak den vigtigste forsurende faktor
i Danmark og de relative bidrag for SO,, NOx og NH; var pa henholdsvis 5
%, 34 % og 61 %. Med hensyn til langtransporteret luftforurening er det dog
stadig SOz og NOy, der er de storste kilder.
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Svovldioxid (SO,)

Hovedparten af SOr-emissionerne stammer fra forbreending af fossile
breendsler, dvs. primeert kul og olie, pa kraftveerker, kraftvarmeveerker og
fiernvarmeveerker. Fra 1990 til 2012 er den totale udledning reduceret med
93 %. Den store reduktion er primeert opnaet gennem installation af afsvov-
lingsanleeg og brug af breendsler med lavt svovlindhold pé kraftveerker og
fjernvarmeveerker. Trods den store reduktion er disse veerker kilde til 25 %
af den samlede udledning. Ogsa emissioner fra industrielle forbreendingsan-
leeg, ikke-industrielle forbreendingsanlaeg og andre mobile kilder er veesent-
lige bidragsydere til emissionen. National sefart (sejlads og fiskeri) bidrager
med 13 % af den totale SO-emission. Dette skyldes brug af fuelolie med et
hejt svovlindhold.

Kvcelstofilte (NO,)

Den storste kilde til emissioner af NOx er transportsektoren efterfulgt af an-
dre mobile kilder og forbreending i energisektoren (hovedsageligt kraftveer-
ker og fjernvarmeveerker). Transportsektoren er den sektor der bidrager
mest til udledningen af NO,, og i 2012 stammede 49 % af de danske NOx-
emissioner fra vejtransport, national sefart, jernbaner og civil luftfart. Ogsa
emissioner fra nationalt fiskeri og off-road-keretgjer (entreprener-, land-
brugsmaskiner, m.m.) bidrager betydeligt til NO-emissionen. For ikke-
industrielle forbreendingsanleeg er de primeere kilder forbreending af gasolie,
naturgas og tree i husholdninger. Emissionerne fra kraftveerker og fjernvar-
meveerker er faldet med 77 % fra 1990 til 2012. I samme periode er den totale
emission faldet med 58 %. Reduktionen skyldes oget brug af katalysatorer i
biler samt installation af lav-NOx-breendere og de-NOx-anleaeg pa kraftveerker
og fiernvarmeveerker.

Ammoniak (NH,)

Stort set alle atmosfeeriske emissioner af NH3 stammer fra aktiviteter i land-
bruget. Kun en mindre del skyldes vejtransport (2,0 %) og stationeere kilder
(0,2 %). Andelen fra transporten var stigende gennem 1990’erne og i starten
af 2000’erne pga. den ogede brug af biler med katalysator. Hovedparten af
emissionen fra landbruget stammer fra husdyrgedning (80 %) og de sterste
tab af ammoniak optreeder under handtering af gedningen i stalden og un-
der spredning pa marken. Andre bidrag kommer fra brug af kunstgedning
(10 %), N-udskillelse af greessende dyr (3 %), slam fra rensningsanleeg brugt
som godning, afgroder og ammoniakbehandlet halm (7 %) samt markaf-
breending (< 1 %). Den totale ammoniakemission er faldet 39 % fra 1990-
2012. Dette er et resultat af den nationale miljepolitik, der er fort gennem de
seneste 20 ar.

Anden luftforurening

Flygtige organiske forbindelser (NMVOC)

Emissionen af flygtige organiske forbindelser, ekskl. metan (NMVOC),
stammer fra mange forskellige kilder og kan opdeles i to hovedgrupper:
Ufuldsteendig forbreending og fordampning. Hovedkilderne til NMVOC-
emissioner fra ufuldsteendige forbreendingsprocesser er breendeovne, vejtra-
fik og andre mobile kilder, som national sejlads og ikke vejgdende maskiner.
Koretgjer til vejtransport er fortsat den sterste bidragsyder, selvom emissio-
nerne er faldet siden introduktionen af biler med katalysator i 1990. Emissi-
onerne fra fordampning stammer hovedsageligt fra brugen af oplesnings-
midler. Emissionerne fra energisektoren er steget igennem 1990’erne pga.
oget brug af stationeere gasmotorer, som har meget hojere emissioner af
NMVOC end konventionelle kedler. De totale menneskeskabte emissioner er



faldet med 52 % fra 1990 til 2012, primeert som folge af oget brug af biler
med katalysator og reducerede emissioner fra brug af oplesningsmidler.

Kulilte (CO)

Selvom biler med katalysator blev introduceret i 1990, er vejtransport stadig
arsag til den storste del af den totale CO-emission. Ogsa andre mobile kilder
og ikke-industrielle forbreendingsanleg bidrager betydeligt til den totale
emission af denne gas. Faldet i emissioner i 1990 var en konsekvens af loven,
der generelt forbyder markafbreending af halm. Emissionen faldt med 51 %
fra 1990 til 2012 hovedsageligt pga. faldende emissioner fra vejtransport.

Partikler (PM)

Emissionsopgerelsen for partikler (Particulate Matter, forkortet PM) er ble-
vet rapporteret for ar 2000 og fremefter. Opgorelsen inkluderer den totale
emission af partikler: Total Suspended Particles (TSP), emissionen af partik-
ler mindre end 10 pm (PMio) og emissionen af partikler mindre end 2,5 ym
(PM25).

De storste kilder til PM,s-emission er husholdninger (67 %), vejtrafik (10 %)
og andre mobile kilder (8 %). For den sidstes vedkommende er offroad-
koretgjer i industrien samt landbrugs- og skovbrugsmaskiner de vigtigste
kilder (hhv. 32 % og 37 %). I transportsektoren tegner udstedningsemissio-
ner sig for sterstedelen (60 %). PMzs-emissionen er steget med 3 % fra 2000
til 2011, hovedsageligt pga. det stigende treeforbrug i husholdninger, der
modsvares af et fald i emissionen fra transport samt i mindre grad fra frem-
stillingsvirksomhed og bygge- og anleegsvirksomhed.

De storste kilder til TSP-emission er landbrugssektoren og husholdningerne.
TSP-emissionen fra transport er ogsa vigtig og inkluderer bade udsted-
ningsemissioner og ikke-udstedningsrelaterede emissioner fra slid af brem-
ser, deek og vej. De ikke-udstedningsrelaterede emissioner udger 65 % af
TSP-emissionen fra transport.

Tungmetalle

Generelt er de vigtigste kilder til emissioner af tungmetaller forbreending af
fossile breendsler og affald. Emissionerne af tungmetaller er med undtagelse
af kobber, faldet betydeligt de seneste ar. Reduktionerne spaender fra 27 %
til 91 % for henholdsvis Zn og Pb. Arsagen til de reducerede emissioner er
hovedsageligt den ogede brug af reggasrensning pa kraftveerker og fjern-
varmeverker (inklusive affaldsforbreendingsanleeg). Den store reduktion i
emissionen af Pb skyldes et lebende skift til fordel for blyfri benzin, som er
nedvendigt for biler med katalysator. Den storste kilde til emission af kob-
ber er slid af keretojers deek og bremser (94 % i 2012). Emissionen herfra er
steget 30 % fra 1990 til 2012 pga. en stigning i antal kerte kilometer.

Cadmium (Cd)

De storste kilder til Cd-emissioner er forbreending i energisektoren (hoved-
sageligt forbreending af tree og husholdningsaffald) og fremstillingsvirk-
somhed (hovedsageligt forbreending af fuelolie). Emissioner fra personbiler
er den dominerende kilde i transportsektoren og udger 57 % i 2012. Emissi-
onen fra ikke-industriel forbreending domineres af forbreending af tree i hus-
holdningsanlaeg (76 % i 2012). Emissionen fra stationeere anleeg i hushold-
ninger er steget med 97 % siden 1990. Faldet i emissionen fra energisektoren
skyldes det faldende forbrug af kul.
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Kviksglv (Hg)

Den sterste kilde til Hg-emission er forbreending af affald og kul i energisek-
toren. Forbedret roggasrensning og faldende kulforbrug har medfort et fald i
emissionen fra energisektoren pa 76 % fra 1990 til 2012. Emissionen fra ikke-
industriel forbreending kan hovedsageligt tilskrives forbreending af tree i sta-
tionaere husholdningsanleg, mens den vaesentligste kilde i affaldssektoren
er kremering. Emissionerne fra industrielle processer varierer meget pga.
lukning af elektrostalvalseveerket i 2002 efterfulgt af gendbning og endnu en
lukning i 2005.

Bly (Pb)

Den vigtigste kilde til emission af bly er forbreending i husholdninger og
energisektoren samt transport. I tidligere dr var den storste kilde forbreen-
ding af blyholdigt benzin, men overgangen til blyfri benzin i transportsekto-
ren har medfert et fald i blyemissionen pa 94 % fra 1990 til 2012. Forbreaen-
ding af tree i husholdningsanleeg er den sterste kilde til emission af bly fra
ikke-industriel forbreending. Udviklingen i emissionen fra ikke-industriel
forbreending har veeret stort set konstant fra 1990-2012. Dette skyldes et fald
i emissionen pga. overgangen til blyfri benzin, da denne sektor omfatter
mobile kilder i husholdninger, havebrug, landbrug, skovbrug, fiskeri og mi-
liteer; dette modvirkes dog af stigende emissioner fra husholdninger. Emis-
sionen fra energifremstilling er faldet med 97 % i samme periode hovedsage-
ligt pga. faldende forbrug af kul.

Polycycliske aromatiske hydrocarboner (PAH’er)

Den nuveaerende emissionsopgerelse for polycycliske aromatiske hydrocar-
boner (PAH’er) inkluderer de fire PAH'er: Benzo(a)pyrene, benzo(b)fluo-
ranthene, benzo(k)fluoranthene og indeno(1,2,3-cd)pyrene. Hovedparten af
den samlede PAH-emission kan tilskrives benzo(b)fluoranthene og Ben-
zo(a)pyrene der star for hhv. 34 % og 32 %. Den vigtigste kilde til emission af
PAH er forbreending af tree i husholdningerne, der udger 71 % af den sam-
lede PAH-emission i 2012. De stigende emissioner skyldes eget forbreending
af tree i breendeovne og kedler i husholdningerne. Emissionen fra stationeer
forbreending i husholdninger er steget med 93 % fra 1990 til 2012.

Dioxiner og furaner

Sterstedelen af dioxinemissionen skyldes forbreending i husholdninger, ho-
vedsageligt forbreending af tree i breendeovne og —kedler uden reggasrens-
ning. Forbreending af tree i stationeere anleeg i husholdninger udger 60 % af
den nationale dioxinemission i 2012. Emissioner fra affaldssektoren udger 25
% af den nationale total i 2012, og skyldes hovedsageligt brande i bygninger.
Forbraending af trae og halm er den sterste kilde til dioxin emission fra ener-
gifremstilling.

Hexachlorbenzen (HCB)

Stationeer forbreending udger 66 % af den samlede beregnede hexachlorben-
zen(HCB)-emission i 2012. Emissionen stammer hovedsageligt fra forbreen-
ding af affald i kraftvarmeveerker og fjernvarmeverker. Transport er ogsa en
vigtig kilde, og emissionen er steget med 58 % siden 1990 pga. det stigende
dieselforbrug. HCB-emissionen fra stationeere anleg er faldet med 74 % si-
den 1990 hovedsageligt pga. forbedret reggasrensning pa affaldsforbreen-
dingsanleeg. Emissionen fra landbrug var hgj i starten af 1990’erne pga. an-
vendelse af pesticider, der indeholdt urenheder af HCB. HCB-emissionen fra
landbrug faldt med 94 % fra 1990 til 1994 og med 99 % fra 1990 til 2012. Det-



te har medfert, at landbrugets andel af den samlede emission er faldet fra 69
% 11990 til 5 % i 2012.

Polychlorerede bifenyler (PCBs)

Transport udger 59 % af den samlede beregnede emission af polychlorerede
bifenyler (PCBs) I 2012. Det storste bidrag kommer fra forbreending af diesel
i vejtransport. Emissionen er faldet med 73 % siden 1990 pga. udfasningen af
blyholdig benzin, som har en hgj PCBs-emissionsfaktor. Udfasningen af bly-
holdig benzin har medfert, at diesel er blevet den vigtigste kilde til PCBs-
emission i de senere ar. Emissionen fra fremstillingsvirksomhed & byg-
ge/anleg samt ikke-industriel forbreending er domineret af diesel forbreen-
ding i ikke-vejgdende maskiner.

lll Genberegninger og forbedringer

Generelt pagar der et betydeligt arbejde med at forbedre emissionsopgerel-
serne. Nye undersegelser og forskning fra Danmark og udlandet inkluderes
s& vidt muligt som basis for emissionsestimaterne. Desuden folges arbejdet
med opdateringer af EMEP/EEA Guidebook for emissionsopgerelser neje,
med henblik pa at indarbejde de bedste videnskabelige informationer som
basis for opgerelserne.

Opgorelserne opdateres lobende med ny viden, siledes at opgerelserne
bedst mulig afspejler danske forhold. Ved forbedringer leegges veegt pa at
opdateringer omfatter hele tidsserier, for at sikre konsistente data. Disse til-
tag medferer genberegning af tidligere indberettede opgerelser. Begrundel-
serne for genberegningerne er inkluderet i de enkelte sektorkapitler i denne
rapport. De vigtigste genberegninger for de forskellige sektorer er neevnt
nedenfor.

Stationcere forbraendingsaniceg

Emissionerne fra stationeer forbreending for arene 1990-2011 er opdateret jf.
den senest publicerede energi statistik fra Energistyrelsen. Opdateringen
omfatter bade slutforbrug og konverteringssektoren samt opdatering af kil-
dekategorier.

Emissionsfaktorerne for treeforbreending i husholdninger er blevet opdateret
i henhold til 2013-udgaven af EMEP/EEA Guidebook. Dette har medfert be-
tydelige genberegninger for husholdninger.

Emissionsopgerelsen for HCB er blevet forbedret og en emissionsopgerelse
for PCBs er blevet udarbejdet.

Transport

Folgende genberegninger og forbedringer af emissionsopgerelsen er udfert
siden 2013-rapporteringen:

Vejtransport

Baseret pa den opdaterede version af COPERT 1V, der blev lanceret i 2013, er
nye koretojsunderkategorier blevet introduceret i emissionsopgerelsen for
passagerbiler og knallerter. For knallerter skelnes der nu mellem 2-taks og 4-
taks motorer, mens der for passagerbiler er oprettet nye kategorier for ben-
zinbiler med motorer < 0,8 1 og dieselbiler med motorer < 1,4 1. NOx emissi-
onsfaktorerne for euro 5-passagerbiler er blevet opdateret i modellen baseret
pa veerdierne i den nye COPERT IV-version.
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Sma fejl i data for benzinforbruget for arene 2009-2011 og for dieselforbruget
for arene 2010-2011 er blevet rettet.

De procentvise intervaller for sendring af emissionerne (min %, max %, ar)
for de forskellige emissionskomponenter er: SO, (-0,5 %; 0,0 %, 2008), NOx
(0,0 %; 4,3 %, 2011), NMVOC (-4,1 %; -1,1 %, 2011), NH3 (-1,3 %; 0,1 %, 2008)
og partikler (-2,1 %; 0,0 %, 2011).

Sefart

Zndrede forudseetninger for feergeoverfart for arene 2008-2011 har medfert
mindre eendringer af emissionerne for national sefart. De folgende maksima-
le procentvise @endringer for national sefart (i parenteser) som felge af gen-
beregningen er: SO, (-0,2 %), NOx (-0,3 %), NMVOC (-0,5 %), NH3 (0,0 %) og
partikler (-0,5 %).

Landbrug/skovbrug/fiskeri

Antallet og motorsterrelsen af traktorer pa maskinstationer er opdateret for
arene 2007-2011. Antallet at terreengdende maskiner (ATV’er) er blevet opda-
teret for arene 2009-2011.

Der er rettet fejl angdende braendselsforbruget for fiskeri for drene 2000, 2010
og 2011.

I 2000 er der de felgende procentvise eendringer for landbrug/skovbrug/-
fiskeri (i parenteser) som folge af genberegningen er: SO, (18,2 %), NOx (11,1
%), NMVOC (3,1 %), NHs (0,0 %) og partikler (3,1 %).

For andre &r end 2000 er de maksimale procentvise aendringer for land-
brug/skovbrug/fiskeri (i parenteser) som folge af genberegningen er: SO (-
12,1 %), NOx (-6,4 %), NMVOC (-0,8 %), NH3 (1,7 %) og partikler (-2,2 %).

Industry
Antallet af minileessere er opdateret for drene 2004-2011.

De folgende maksimale procentvise eendringer for national sefart (i parente-
ser) som folge af genberegningen er: SOz (1,7 %), NOx (1,6 %), NMVOC (1,9
%), NHs (1,6 %) og partikler (3,4 %).

Indenrigsluftfart

En mindre fejl i NMVOC-emissionsfaktoren er blevet rettet for arene 1985-
2011, pga. opdateringer af CH, emissionsfaktorerne for arene 1985-2000 og
endringer i fordelingen mellem NMVOC og CH,. Emissionsfaktorerne er nu
i overensstemmelse med emissionsfaktorerne i EMEP/EEA Guidebook. De
procentvise eendringer i NMVOC-emissionen er mellem -3.1 % and 1.8 %.

Militcer

Emissionsfaktorer udledt fra de nye simuleringer af vejtransport har med-
fort 2endringer af emissionerne for arene 1985-2011. De procentvise interval-
ler for eendring af emissionerne for militeer (min %, maks. %, ar) for de for-
skellige emissionskomponenter er: SOz (0,0 %), NOx (2,5 %), NMVOC (-1,1
%,), NHs (0,2 %) og partikler (-1,7 %).

Flygtige emissioner

Tankstationer
Aktivitetsdata er blevet opdateret for arene 2009-2011 baseret pa den nyeste
energistatistik offentliggjort af Energistyrelsen. Den storste genberegning er



for 2010 og har aget NMVOC-emissionen med 0,02 kton, svarende til 0,2 %
af den samlede flygtige NMVOC-emission i 2010.

Naturgas - transmission og distribution

Aktivitetsdata og afledte emissionsfaktorer for tidsserien 1990-2011 er blevet
opdateret for transmission og distribution af naturgas baseret pa oplysnin-
ger i gronne regnskaber og den seneste energistatistik. Den storste genbe-
regning er for 2002, hvor emissionen blev gget med 0,75 kton, svarende til 4
% af den samlede flygtige NMVOC-emission i 2002.

Venting

Emissionsfaktorer for NMVOC er blevet tilfgjet emissionsdatabasen for are-
ne 1990-1993 for et gaslager. I disse ar er anleegget inkluderet som en areal-
kilde i den nationale emissionsdatabase, mens det er behandlet som en
punktkilde i de folgende ar. Emissionsfaktorerne er baseret pa data fra
gronne regnskaber for 1995-1999, da der ikke er tilgeengelige data for arene
1990-1994.

En mindre fejl er blevet rettet i 2011 baseret pa opdaterede oplysninger i det
gronne regnskab fra et af de danske naturgaslagre.

Genberegningen har oget NMVOC-emissionen med 0,02 ton og CO-
emissionen med 0.07 ton for hver af drene i perioden 1990-1993, svarende til
henholdsvis 17 % og 25 % af den samlede flygtige emission i 1993.

Industrielle processer

Emissioner af HCB og PCBs er blevet inkluderet i emissionsopgerelsen.
Derudover er emissioner fra produktionen af tjsereprodukter ogsé blevet in-
kluderet.

Oplgsningsmidler og anden produktanvendelse

Forbedringer og tilfgjelser bliver lebende implementeret som folge af om-
fanget og kompleksiteten af anvendelse af oplesningsmidler, der indeholder
produkter i industri og husholdninger. De vigtigste genberegninger i 2014-
rapporteringen er folgende:

e Opdaterede statistiske data for anvendeles af tobak, fyrveerkeri, lys og
grillkul.

e Emissionsfaktorer for NH3;, PCBs, HCB, Cu, benzo(b)flouranthene, ben-
zo(k)flouranthene, benzo(a)pyrene and PCBs er blevet tilfgjet den natio-
nale emissionsfaktordatabase for grillkul. PMip- og PM,s-emissions-
faktorer er blevet tilfojet for lys. Derudover er emissionsfaktorerne for Cr,
TSP, PM1o og PM. 5 blevet opdateret for grillkul.

Landbrug

Der er foretaget genberegninger i opgerelsen for NH; og PM. ZAndringerne
har medfert en relativ stor stigning i emissionen af NHj3 for alle arene i tids-
serien (1985-2011) pa mellem 5-10 %, samt et fald i partikelemissionen for
arene 2000-2011 pé 3-5 %.

Emissionen af NHj er steget for alle ar pga. opdaterede emissionsfaktorer for
handelsgodning. De opdaterede emissionsfaktorer kommer fra 2013-udga-
ven af EMEP/EEA Guidebook. Der er ogsa foretaget genberegninger af
NHs-emissionen fra gedningshandtering. Disse skyldes en opdatering af an-
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tallet af geaes for alle dr, en opdatering af antallet af slagtesvin og smagrise i
2011 samt en opdatering af staldtypefordelingen for hens i 2011.

Emissionen af partikler faldt for alle ar i tidsserien pga. opdateringer i parti-
kelemissionsfaktorerne i 2013-udgaven af EMEP/EEA Guidebook. Faldet
skyldes hovedsageligt et fald i emissionsfaktorerne for slagtesvin og smagri-
se.

Affald

For sektor 6C Affaldsforbreending er der foretaget genberegninger for kre-
meringer. Indflydelsen af reggasrensning pa emissionsfaktorerne for tung-
metaller, PAHs samt dioxiner og furaner er taget i betragtning, hvilket redu-
cerer emissionsfaktorerne for disse forureningskomponenter for 2011. Der-
udover er PMzs-emissionsfaktoren blevet rettet sd den udger 80 % af TSP-
emissionsfaktoren og ikke som rapporteret i 2013 90 % af TSP-emissions-
faktoren. Denne fejlretning har medfert et fald i emissionen for alle ar i tids-
serien (2000-2011).

For sektor 6D Jvrig er der foretaget flere genberegninger. NHs-emissions-
faktorerne for kompostering af slam og organisk affald er blevet opdateret.
De nye emissionsfaktorer medferer et fald i NHs-emissionen for drene 1985-
1997 (0,3-0,7 %) samt en stigning i NHs-emissionen for arene 1998-2011 (2,1-
19,3 %).

For bilbrande er der foretaget en opdatering i bestandsdata, som har med-
fort et lille fald i aktivitetsdata for brande i traktorer og mejeteerskere. Der-
udover er gennemsnitsveegtene, der er antaget for campingvogne, campere,
mejeteerskere, motorcykler og knallerter blevet opdateret pd baggrund af
mere velfunderede ekspertvurderinger. Emissionsfaktorerne for partikler og
tungmetaller er blevet opdateret. Mens aendringerne i aktivitetsdata medfo-
rer et fald i emissionerne for 1980-1999 (5-16 %) og mindre eendringer for
arene 2000-2011 (-5-4 %), s& betyder de nye emissionsfaktorer en betydelig
stigning (1413-1874 %) i emissionerne af partikler og tungmetaller for alle &r
i tidsserien.

Der er ikke nogen genberegninger for husbrande.



1 Introduction

1.1 Background information on emission inventories

DCE (Danish Centre for Environment and Energy), Aarhus University is
contracted by the Ministry of the Environment and the Ministry of Climate,
Energy and Building to complete emission inventories for Denmark. De-
partment of Environmental Science, Aarhus University is responsible for
calculation and reporting of the Danish national emission inventory to EU
and the UNFCCC (United Nations Framework Convention on Climate
Change) and UNECE CLRTAP (Convention on Long Range Transboundary
Air Pollution) conventions.

1.1.1 Annual report

According to the guidelines for reporting emission data under the Conven-
tion on Long-Range Transboundary Air Pollution (ECE/EB.AIR/97) pre-
pared by the Task Force on Emission Inventories and Projections and ap-
proved by the Executive Body, countries that are parties to the UNECE-
Convention on Long-Range Transboundary Air Pollution should annually
submit an informative inventory report to the Secretariat. The current re-
porting Guidelines (ECE/EB.AIR/97) were accepted at the meeting of the
Executive Body in December 2008. Due to a lack of resources, it has not been
possible to incorporate the new elements of the reporting guidelines in this
submission.

New reporting Guidelines were proposed at the meeting of the Executive
Body in December 2013. However, at the time of preparation of this report
the final decisions from the Executive Body session had not been published.

This report is Denmark’s Annual Informative Inventory Report due March
15, 2014. The report contains information on Denmark’s inventories for all
years from the base years of the protocols to 2012.

The annual emission inventory for Denmark is reported in the Nomencla-
ture for Reporting (NFR) 2009 format.

The issues addressed in this report are: trends in emissions, description of
each NFR category, uncertainty estimates, recalculations, planned improve-
ments and procedures for quality assurance and control. The outline in an-
nex V of the reporting guidelines is followed as far as possible.

This report and NFR tables are available to the public on DCE’s homepage:
http:/ /envs.au.dk/videnudveksling /luft/emissioner /emissioninventory /

and on the Eionet central data repository:
http:/ /cdr.eionet.europa.eu/dk/Air Emission Inventories/Submission E
MEP_UNECE

1.2 A description of the institutional arrangement for
inventory preparation

DCE (Danish Centre for Environment and Energy, Aarhus University, is re-
sponsible for the annual preparation and submission to the UNECE-LRTAP
Convention of the Annual Danish Emissions Report, and the inventories in
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the NFR Format in accordance with the guidelines. DCE participates in
meetings under the UNECE Task Force on Emission Inventories and Projec-
tions and the related expert panels where parties to the convention prepare
the guidelines and methodologies on inventories. DCE is also responsible for
estimating emissions for reporting to the NEC Directive, but the Danish EPA
is responsible for the reporting.

The work concerning the annual emission inventory is carried out in co-
operation with other Danish ministries, research institutes, organisations
and companies:

Danish Energy Agency (DEA), Ministry of Climate, Energy and Building:
Annual energy statistics in a format suitable for the emission inventory work
and fuel-use data for the large combustion plants.

Danish Environmental Protection Agency (DEPA), Ministry of the Environ-
ment:
Company reporting to e.g. the PRTR. Database on waste.

Statistics Denmark, Ministry of Economic Affairs and the Interior:
Statistical yearbook, production statistics for manufacturing industries, agri-
cultural statistics and import/export/production figures for solvents.

DCA (Danish Centre for Food and Agriculture), Aarhus University:
Data on use of mineral fertiliser, feeding stuff consumption and nitrogen
turnover in animals.

The Road Directorate, Ministry of Transport:
Number of vehicles grouped in categories corresponding to the EU classifi-
cation, mileage (urban, rural, highway), trip speed (urban, rural, highway).

Civil Aviation Agency of Denmark, Ministry of Transport:
City-pair flight data (aircraft type and origin and destination airports) for all
flights leaving major Danish airports.

Danish Railways, Ministry of Transport:
Fuel-related emission factors for diesel locomotives.

Danish companies:
Audited environmental reports and direct information gathered from pro-
ducers and agency enterprises.

Formerly, the provision of data was on a voluntary basis, but now formal
agreements are in place with the most important data suppliers, e.g. the
Danish Energy Agency and DCA.

1.3 Brief description of the process of inventory preparation.
Data collection and processing, data storage and
archiving

The background data (activity data and emission factors) for estimation of
the Danish emission inventories is collected and stored in central databases
located at DCE. The databases are in Access format and handled with soft-
ware developed by the European Environmental Agency (EEA) and DCE.
As input to the databases, various sub-models are used to estimate and ag-
gregate the background data in order to fit the format and level in the cen-



tral databases. The methodologies and data sources used for the different
sectors are described in Chapter 1.4 and Chapters 3 to 7. As part of the
QA/QC plan (Chapter 1.5), the data structure for data processing support
the pathway from collection of raw data to data compilation, modelling and
final reporting.

For each submission, databases and additional tools and submodels are fro-
zen together with the resulting NFR-reporting format. This material is
placed on central institutional servers, which are subject to routine back-up
services. Material, which has been backed up is archived safely. A further
documentation and archiving system is the official journal for DCE, for
which obligations apply to DCE, as a governmental institute. In this journal
system, correspondence, both in-going and out-going, is registered, which in
this case involves the registration of submissions and communication on in-
ventories with the UNECE-LRTAP Secretariat, the European Commission,
review teams, etc.

Figure 1.1 shows a schematic overview of the process of inventory prepara-
tion. The figure illustrates the process of inventory preparation from the first
step of collecting external data to the last step, where the reporting schemes
are generated for the UNFCCC and EU (in the CRF format (Common Re-
porting Format)) and to the United Nations Economic Commission for Eu-
rope/Cooperative Programme for Monitoring and Evaluation of the Long-
range Transmission of Air Pollutants in Europe (UNECE/EMEP) (in the
NER format (Nomenclature For Reporting)). For data handling, the software
tool is CollectER (Pulles et al., 1999) and for reporting the software tool is
developed by DCE. Data files and programme files used in the inventory
preparation process are listed in Table 1.1.

External S Report
e models forall
. Central Calculation sources
Activity data Activity data database of emission *and
Emission Emission estimates pollutants
factors factors /
/ i
International
guidelines Final
reports

Emission factors

«Climate Convention
* Kyoto protocol

* UNECE/ CLRATP
*NEC directive

Figure 1.1 Schematic diagram of the process of inventory preparation.

29



30

Table 1.1 List of current data structure; data files and programme files in use.

QA/QC
Level

Name Application
type

Path Type

Input sources

4 store

3 process

3 process

3 process

2 process

3 store

2 process

2 store

CFR External

Submissions report

(UNFCCC

and EU)

NFR

Submissions

(UNECE

and EU)

CRF Reporter  Management
tool

Importer2CRF  Help tool

CollectER2CRF Help tool

NERIRep Help tool

CollectER Management
tool

dk1980.mdb.dkx Datastore
xxx.mdb

U:\ST_ENVS- MS Excel,
LUFT- xml
EMNInventon\AIlY
ears\8_AllSectors\L
evel_4a_Storage\

Working path: local (exe + mdb)
machine

Archive path:
U\ST_ENVS-
LUFT-
EMNInventory\AIlY
ears\8_AllSectors\L
evel_3b_Processe
s

U\ST_ENVS-
LUFT-
EMNInventory\AIlY
ears\8_AllSectors\L
evel_3b_Processe
s

U\ST_ENVS-
LUFT-
EMNInventory\AIlY
ears\8_AllSectors\L
evel_3b_Processe
s

Working path:
U\ST_ENVS-
LUFT-
EMNInventory\AIlY
ears\8_AllSectors\L
evel_3a_Storage
Working path: local (exe +mdb)
machine

Archive path:
U:\ST_ENVS-
LUFT-
EMNInventory\AllY
ears\8_AllSectors\L
evel_2b_Processe
s

U:\ST_ENVS-
LUFT-
EMNInventory\AllY
ears\8_AlISectors\L
evel_2a_Storage

MS Access

MS Access

MS Access

MS Access

CRF
Reporter

Manual input
and Import-
er2CRF

CRF Report-
er, Collec-
lec-
tEr2CRFand
excel files

NERIRep

CollectER
databases;
dk1972.mdb.
.dkxxxx.mdb

manual input

CollectER




1.4 Brief description of methodologies and data sources used

Denmark’s air emission inventories are based on the EMEP/EEA Guide-
book, the CORINAIR methodology as well as the Revised 1996 Intergov-
ernmental Panel on Climate Change (IPCC) Guidelines for National Green-
house Gas Inventories (IPCC, 1997) and the Good Practice Guidance and
Uncertainty Management in National Greenhouse Gas Inventories (IPCC,
2000). CORINAIR (COoRdination of INformation on AIR emissions) is a Eu-
ropean air emission inventory programme for national sector-wise emission
estimations, harmonised with the IPCC guidelines. In 2013 a new edition of
the EMEP/EEA Guidebook (EEA, 2013) was adopted for use by the EMEP
Executive Body, the changes in the 2013 edition have only been reflected to a
limited extent in this submission and the changes will be implemented de-
pending on the availability of resources. In 2009 the EMEP/CORINAIR
Guidebook changed name to the EMEP/EEA Guidebook (EEA, 2009). In this
change the Guidebook switched nomenclature from SNAP to NFR.

The Danish inventory is prepared at the more detailed SNAP level rather
than at the NFR level that is only suitable for reporting. To ensure estimates
are as timely, consistent, transparent, accurate and comparable as possible,
the inventory programme has developed calculation methodologies for most
subsectors and software for storage and further data processing.

A thorough description of the CORINAIR inventory programme used for
Danish emission estimations is given in Illerup et al. (2000). The CORINAIR
calculation principle is to calculate the emissions as activities multiplied by
emission factors. Activities are numbers referring to a specific process gen-
erating emissions, while an emission factor is the mass of emissions pr unit
activity. Information on activities to carry out the CORINAIR inventory is
largely based on official statistics. The most consistent emission factors have
been used, either as national values or default factors proposed by interna-
tional guidelines.

A list of all subsectors at the most detailed level is given in Illerup et al.
(2000) together with a translation between CORINAIR and IPCC codes for
sector classifications.

1.4.1 The specific methodologies regarding stationary combustion

Stationary combustion plants are part of the CRF emission sources 1A1 En-
ergy Industries, 1A2 Manufacturing Industries and 1A4 Other sectors.

The Danish emission inventory for stationary combustion plants is based on
the former CORINAIR system. The emission inventory for stationary com-
bustion 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.

The fuel consumption rates are based on the official Danish energy statistics
prepared by the Danish Energy Agency (DEA). DCE aggregates fuel con-
sumption rates to SNAP categories. The fuel consumption of the NFR cate-
gory 1A4 Manufacturing industries and construction is disaggregated to
subsectors according to the DEA data prepared and reported to Eurostat.
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For each of the fuel and SNAP categories (sector and e.g. type of plant), a set
of general emission factors has been determined. Some emission factors refer
to the EMEP/EEA Guidebook and some are country specific and refer to
Danish legislation, Danish research reports or calculations based on emis-
sion data from a considerable number of plants.

A number of large plants, e.g. power plants, municipal waste incineration
plants and large industrial plants are registered individually as large point
sources. This enables use of plant-specific emission factors that refer to
emission measurements stated in annual environmental reports. Emission
factors of SO2, NOx, HM and PM are often plant specific.

Please refer to Chapter 3.2 and Annex 2A for further information on emis-
sion inventories for stationary combustion plants.

1.4.2 Specific methodologies regarding transport

The emissions from transport referring to SNAP category 07 (Road
transport) and the sub-categories in 08 (Other mobile sources) are made up
in the NFR categories; 1A3b (Road transport), 1A2f (Industry-other), 1A3a
(Civil aviation), 1A3c (Railways), 1A3d (Navigation), 1A4c (Agricul-
ture/forestry/-fisheries), 1A4a (Commercial/institutional), 1A4b (Residen-
tial) and 1A5 (Other).

An internal DCE model with a structure similar to the European COPERT IV
emission model (EEA, 2009) is used to calculate the Danish annual emissions
for road traffic. The emissions are calculated for operationally hot engines,
during cold start and fuel evaporation. The model also includes the emission
effect of catalyst wear. Input data for vehicle stock and mileage is obtained
from DTU Transport and Statistics Denmark, and is grouped according to
average fuel consumption and emission behaviour. For each group, the
emissions are estimated by combining vehicle type and annual mileage fig-
ures with hot emission factors, cold:hot ratios and evaporation factors (Tier 2
approach).

For air traffic, from 2001 onwards estimates are made on a city-pair level, us-
ing flight data provided by the Danish Civil Aviation Agency (CAA-DK) for
flights between Danish airports and flights between Denmark and Green-
land /Faroe Islands, and LTO and distance-related emission factors from the
CORINAIR guidelines (Tier 2 approach). For previous years, the back-
ground data consists of LTO/aircraft type statistics from Copenhagen Air-
port and total LTO numbers from CAA-DK. With appropriate assumptions,
consistent time series of emissions are produced back to 1990 and include
the findings from a Danish city-pair emission inventory in 1998.

Off-road working machines and equipment are grouped in the following
sectors: inland waterways (pleasure craft), agriculture, forestry, industry,
and household and gardening. The sources for stock and operational data
are various branch organisations and key experts. In general, the emissions
are calculated by combining information on the number of different machine
types and their respective load factors, engine sizes, annual working hours
and emission factors (Tier 2 approach).

The inventory for navigation consists of regional ferries, local ferries and
other national sea transport (sea transport between Danish ports and be-
tween Denmark and Greenland /Faroe Islands). For regional ferries, the fuel



consumption and emissions are calculated as a product of number of round
trips per ferry route (Statistics Denmark), sailing time per round trip, share
of round trips per ferry, engine size, engine load factor and fuel consump-
tion/emission factor. The estimates take into account the changes in emis-
sion factors and ferry specific data during the inventory period.

For the remaining navigation categories, the emissions are calculated simply
as a product of total fuel consumption and average emission factors. For
each inventory year, this emission factor average comprises the emission fac-
tors for all present engine production years, according to engine life times.

Please refer to Chapter 3.3 and Annex 2B for further information on emis-
sions from transport.

1.4.3 The specific methodologies regarding fugitive emissions

Fugitive emissions from oil (1.B.2.a)

Fugitive emissions from oil are estimated according to the methodology de-
scribed in the Emission Inventory Guidebook (EEA, 2009). The sources in-
clude offshore extraction of oil and gas, onshore oil tanks, onshore and off-
shore loading of ships, and gasoline distribution. Activity data are given in
the Danish Energy Statistics by the Danish Energy Agency. The emission
factors are based on the figures given in the guidebook except in the case of
onshore oil tanks and gasoline distribution where national values are in-
cluded.

The VOC emissions from petroleum refinery processes cover non-
combustion emissions from feed stock handling/storage, petroleum prod-
ucts processing, and product storage/handling. SO is also emitted from
non-combustion processes and includes emissions from product processing
and sulphur-recovery plants. The emission calculations are based on infor-
mation from the Danish refineries.

Fugitive emissions from natural gas (1.B.2.b)

Inventories of NMVOC emission from transmission and distribution of nat-
ural gas and town gas are based on annual environmental reports from the
Danish gas transmission company and annual reports for the gas distribu-
tion companies. The annual gas composition is based on from the national
transmission company.

Fugitive emissions from flaring (1.B.2.c)

Emissions from flaring offshore, in gas treatment and storage plants, and in
refineries are included in the inventory. Emissions calculations are based on
annual reports from the Danish Energy Agency and environmental reports
from gas storage and treatment plants and the refineries. Calorific values are
based on the reports for the EU ETS for offshore flaring, on annual gas quali-
ty data from Energinet.dk, and on additional data from the refineries. Emis-
sion factors are based on national studies and the EMEP/EEA Guidebook
(EEA, 2009).

Please refer to Chapter 3.4 for further information on fugitive emissions
from fuels.
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1.4.4 Specific methodologies regarding industrial processes

Energy consumption associated with industrial processes and the emissions
thereof is included in the inventory for stationary combustion plants. This is
due to the overall use of energy balance statistics for the inventory.

Mineral products

The sub-sector includes production of cement, lime, container glass/glass
wool, mineral wool, other production (consumption of lime), and roofing
and road paving with asphalt. The activity data as well as emission data are
primarily based on information from Environmental Reports (In Danish:
“Grenne regnskaber”) prepared by companies according to obligations un-
der Danish law. Also, data on production and import/export from Statistics
Denmark are used. The published information is supplemented with infor-
mation obtained directly from companies or by use of standard emission fac-
tors. The distribution of TSP between PMjy and PM; is based on European
average data.

Chemical industry

The sub-sector includes production of nitric and sulphuric acid (ceased in
1997 and 2004, respectively), catalysts, fertilisers and pesticides. The activity
data as well as emission data are based on information from the companies
as accounted for and published in the Environmental Reports combined
with information obtained by contact to the companies. The distribution of
TSP between PM1g and PMz s is based on European average data.

Metal production

The sub-sector includes electro steelwork, production of steel sheets and
bars (electro steelwork until 2005 and thereafter, only rolling mills), cast
iron, aluminium (ceased in 2008), lead and lead products and various other
metal products. The activity data as well as emission data for the steelworks
are based on information from the companies as accounted for and pub-
lished in the Environmental Reports, combined with information obtained
through contact with the companies. The activity data for the other process-
es are based on information from Statistics Denmark combined with Danish
average emission factors and standard emission factors. The particle size dis-
tribution of TSP (PMip and PM>5) is based on European average data.

Other production

The sub-sector includes breweries, production of spirits and other activities
within the food sector e.g. sugar production, meat curing and production of
margarine and solid cooking fats. The activity data are obtained from Statis-
tics Denmark and the emission factors are obtained from the EMEP/EEA
Guidebook combined with emission factors (EF) derived from specific emis-
sion measurements at the companies.

Please refer to Chapter 4 for further information on industrial processes.

1.4.5 Specific methodologies regarding solvent and other product use

The approach for calculating the emissions of Non-Methane Volatile Organic
Carbon (NMVOC) from industrial and household use in Denmark focuses
on single chemicals rather than activities. This leads to a clearer picture of
the influence from each specific chemical, which enables a more detailed dif-
ferentiation on products and the influence of product use on emissions. The



procedure is to quantify the use of the chemicals and estimate the fraction of
the chemicals that is emitted as a consequence of use.

The detailed approach in EMEP/EEA Guidebook (2009) is used. Here all
relevant consumption data on all relevant solvents must be inventoried or at
least those together representing more than 90 % of the total NMVOC emis-
sion. Simple mass balances for calculating the use and emissions of chemi-
cals are set up 1) use = production + import — export, 2) emission = use emis-
sion factor. Production, import and export figures are extracted from Statis-
tics Denmark, from which a list of more than 400 single chemicals, a few
groups and products is generated. For each of these, a “use” amount in
tonnes per year (from 1990 to 2012) is calculated. For some chemicals and/or
products, e.g. propellants used in aerosol cans and ethanol used in wind-
screen washing agents, use amounts are obtained from the industry as the
information from Statistics Denmark does not comply with required speci-
ficity. It is found that approximately 40 different NMVOCs comprise over 95
% of the total use and it is these 40 chemicals that are investigated further.
The “use” amounts are distributed across industrial activities according to
the Nordic SPIN (Substances in Preparations in Nordic Countries) database,
where information on industrial use categories is available in a NACE cod-
ing system. The chemicals are also related to specific products according to
the Use Category (UCN) system. Emission factors are obtained from regula-
tors, literature or the industry.

The same method is used for calculating emissions from the use of fire-
works, tobacco, candles and charcoal for barbeques (BBQ). These activities
lead to emissions of SO,, NOx, CO, NHj3, particles, As, Cd, Cr, Cu, Hg, Ni,
Pb, Se, Zn, dioxins/furans and PAHs.

Outputs from the inventory are: a list where the approx. 40 most predomi-
nant NMVOCs are ranked according to emissions to air, specification of
emissions from industrial sectors and from households, contribution from
each chemical to emissions from industrial sectors and households. Fur-
thermore, trends in NMVOC emissions expressed as total NMVOC and sin-
gle chemical and specified in industrial sectors and households are shown.

Please refer to Chapter 5 and Annex 5E for further information on the emis-
sion inventory for solvents.

1.4.6 Specific methodologies regarding agriculture

The emission from agricultural activities covers ammonia emission from
manure management and agricultural soils and PM emission from animal
production. Furthermore, the inventory includes emission from field burn-
ing of straw which covers NH;, PM, NO,, CO, NMVOC, SO, heavy metals,
dioxin and PAH.

Emissions from agricultural activities are estimated according to the meth-
odology described in the EMEP/EEA air pollutant emission inventory
guidebook (EEA, 2009). Activity data and national data regarding emission
factors are collected, evaluated and discussed in cooperation with Statistics
Denmark, DCA-Danish Centre for Food and Agriculture (Aarhus Universi-
ty), the Danish Agricultural Advisory Service, Danish Environmental Protec-
tion Agency and the Danish AgriFish Agency. It means that data are evalu-
ated continuously according to the latest knowledge and information.
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The Danish agricultural emissions are calculated and managed in a compre-
hensive model complex called IDA (Integrated Database model for Agricul-
tural emissions), which is used to calculate both air pollutants compounds
and greenhouse gas related emissions. The livestock production has a great
influence on the Danish agricultural emissions. IDA works with 38 different
livestock categories, dependent on livestock category, weight class and age.
Each of these subcategories is subdivided according to housing type and
manure type, which results in about 200 different combinations of subcate-
gories and housing type and the emissions are calculated from each of these
combinations and aggregated to relevant main categories in the reporting
format.

Most of the emissions from agricultural activities are directly related to live-
stock production. The remaining part comes from the use of synthetic ferti-
liser, growing crops, NH3 treated straw, field burning of agricultural resi-
dues and sewage sludge applied to fields as fertiliser. The number of ani-
mals can be considered as the most important activity data in estimation of
the agricultural emissions.

The number of animals is mainly based on data from Statistics Denmark. For
data covering pigs, bulls and poultry, the number is based on slaughter data
also collected from the Agricultural Statistics. The production of sheep, goats
and horses typically take place on small farms below 5 hectare, which is not
included in the annual statistics and the production of these categories as
well as for deer and ostriches are therefore based on the Central House-
animal farm Register (CHR) managed by the Ministry of Food, Agriculture
and Fisheries.

Data concerning nitrogen excretion, distribution of housing types until 2004
and handling of manure is based on data and information from DCA-Danish
Centre for Food and Agriculture at Aarhus University and the Danish Agri-
cultural Advisory Service. From 2005 annual statistics covering housing
types are available from the Danish AgriFish Agency.

Data related to use of synthetic fertiliser, both the amount of fertiliser and
the nitrogen content is based on statistics published by the Danish AgriFish
Agency.

Please refer to Chapter 6 and Appendix 2C for further information on emis-
sion inventories for agriculture.

1.4.7 Specific methodologies regarding waste

The waste sector consists of the four main NFR categories 6A Solid waste
disposal on land, 6B Wastewater handling, 6C Waste incineration and 6D
Other waste.

Emissions from solid waste disposal on land and wastewater handling are
currently not estimated.

Waste Incineration covers the cremation of human bodies and animal car-
casses. Both are calculated as an activity multiplied by an emission factor.

The Other Waste category includes compost production, accidental build-
ing- and vehicle fires



Composting includes four types of biological waste; garden and park waste,
organic waste from households and other sources, sludge and home com-
posting of garden and vegetable food waste. Individual emission factors are
found for each waste category.

Emissions from building fires are calculated by multiplying the number of
building fires with selected emission factors. Six types of buildings are sepa-
rated with different emission factors; detached houses, undetached houses,
apartment buildings, industrial buildings, additional buildings and contain-
ers.

Activity data for building fires are classified in four categories; full scale,
large, medium and small. The emission factors comply for full scale building
fires and the activity data are therefore recalculated as a full scale equivalent
where it is assumed that a large, medium and small fire leads to 75 %, 30 %
and 5 % of a full scale fire respectively.

Emissions from vehicle fires are calculated by multiplying the total burnt
vehicle mass with selected emission factors. 14 different vehicle types are in-
cluded in the total mass of burned vehicle. Emission factors are not available
for different vehicle types, why it is assumed that all the different vehicle
types lead to similar emissions. As with accidental building fires, four differ-
ent sizes are known in relation to damage; full scale (100 % burnout), large
(75 %), medium (30 %) and small (5 %).

Please refer to Chapter 7 and Annex 2D for further information on emission
inventories for agriculture.

1.6 Key categories

The determination of key categories has not been made due to insufficient
resources being available at the moment.

1.6 Information on the Quality Control and Quality Assurance
plan including verification and treatment of confidential
issues where relevant

In the Danish National Inventory Report to UNFCCC (Nielsen et al., 2013) as
well as in the QA/QC manual for the Danish Greenhouse gas inventory
(Nielsen et al., 2012), the plan for Quality Control (QC) and Quality Assur-
ance (QA) for greenhouse gas emission inventories prepared by the Danish
National Environmental Research Institute is outlined. The plan is in ac-
cordance with the guidelines provided by the UNFCCC (IPCC, 1997) and
the “Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories” (IPCC, 2000). The ISO 9000 standards are also
used as important input for the plan. The plan also, to a limited extent, in-
cludes the gases reported to the UNECE-LRTAP Convention. Due to a lack
of resources it has not been possible to extend the QA /QC system for the
greenhouse gas inventory to also cover the air pollutants.

1.7 General uncertainty evaluation, including data on the
overdll uncertainty for the inventory totals

The uncertainty estimates are based on the simple Tier 1 approach in the
EMEP/CorinAir Good Practice Guidance for LRTAP Emission Inventories
(Pulles & Aardenne, 2004).
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The uncertainty estimates are based on emission data for the base year and
year 2012, and on uncertainties for activity rates and emission factors for
each of the main SNAP sectors. For particulate matter, the year 2000 is con-
sidered as the base year, but for all other pollutants 1990 is used as the base
year.

Uncertainty estimates include uncertainty of the total emission as well as
uncertainty of the trend. The estimated uncertainties are shown in Table 1.2.

The uncertainty estimates include all sectors.

Table 1.2 Danish uncertainty estimates, 2012.

Pollutant Uncertainty Trend Uncertainty
Total emission 1990"-2012 Trend
[%] [%] [%-age points]
SO, 16 -93 1.0
NO, 39 58 7
NMVOC 23 -52 10
CcO 42 -51 14
NHs 29 -39 13
TSP 251 -4,5 58
PMo 289 -4,7 69
PMs 5 347 -2,9 84
Arsenic 196 -76 28
Cadmium 324 -80 51
Chromium 306 -87 32
Copper 945 30 104
Mercury 164 -90 10
Nickel 399 -78 50
Lead 509 -91 35
Selenium 369 75 49
Zinc 620 -27 222
PCDD/F 670 -66 183
Benzo(b)fluoranthene 841 70 103
Benzo(k)fluoranthene 764 4 207
Benzo(a)pyrene 878 69 68
Indeno(1,2,3-c,d)pyrene 855 33 42
HCB 534 -91 47
PCBs 701 62 140

'The base year for PM is 2000.

1.8 General assessment of the completeness

Annex 3 provides a full and comprehensive explanation on the use of nota-
tion keys in the Danish inventory. The Danish emission inventory due 15
February 2014 includes all sources identified by the EMEP/EEA guidebook
except the following.

1.8.1 Industrial processes

Categories reported as not estimated:

e Emissions from quarrying and mining of minerals other than coal

e Emissions from construction and demolition

¢ Emissions from storage, handling and transport of mineral products
e Emissions from storage, handling and transport of chemical products
¢ Emissions from storage, handling and transport of metal products



¢ Emissions from pulp and paper production

e Emissions from wood processing

e Emissions from production of POPs

¢ Emissions from consumption of POPs and heavy metals

1.8.2 Agriculture
Categories reported as not estimated:
e Emissions from farm level agricultural operations

e Emissions from off-farm storage, handling and transport of agricultural
products

1.8.3 Waste
Categories reported as not estimated:
¢ Emissions from solid waste disposal on land

¢ Emissions from wastewater handling
e Emissions from small scale waste burning

1.8.4 Categories reported as “included elsewhere”

The following table lists the categories reported as IE (included elsewhere)
and provides information on where the associated emissions are reported,
more detailed information is provided in Annex 3.

Table 1.3. List of categories reported as included elsewhere.

Category reported as |IE Category where emissions are included

1 A 5 a Other stationary (including military) 1 A 4 ai Commercial / institutional: Stationary

2 A 1 Cement production 1 A 2f i Manufacturing industries and construction, Other
2 A 2 Lime production 1 A 2f i Manufacturing industries and construction, Other
2 A 3 Limestone and dolomite use 1 A 2f i Manufacturing industries and construction, Other
2 A 4 Soda ash production and use 1 A 2f i Manufacturing industries and construction, Other
6 C a Clinical waste incineration 1 A 1 a Public electricity and heat production

6 C b Industrial waste incineration 1 A 1 a Public electricity and heat production

6 C ¢ Municipal waste incineration 1 A 1 a Public electricity and heat production

1.8.5 General description on the use of notation keys

The NFR as reported by Denmark makes use of five notation keys: NO (Not
Occurring), NA (Not Applicable), NE (Not Estimated), IE (Included Else-
where) and NR (Not Reported).

NO is used in instances where the activity does not occur in Denmark, e.g.
adipic acid production, buffaloes, etc.

NA is used in instances where the activity occurs in Denmark but the emis-
sion of a certain pollutant is not believed to be relevant, e.g. heavy metals
from dairy cattle.

NE is used in instances where the activity occurs in Denmark and emissions

of a certain pollutant are thought to occur but the emission has not been es-
timated; see Chapter 1.8.3 and Annex 3.
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IE is used where emissions of a certain pollutant or the whole source catego-
ry are reported under another source category; see Chapter 1.8.4 and Annex
3.

NR is used for pollutants prior to the base year, e.g. PM emissions prior to
the year 2000.
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2 Trends in Emissions

2.1 Acidifying gases

Acid deposition of sulphur and nitrogen compounds mainly derives from
emissions of SO, NOx and NHz. The effects of acidification may appear in a
number of ways, including defoliation and reduced vitality of trees, and de-
clining fish stocks in acid-sensitive lakes and rivers.

50, and NOx can be oxidised into sulphate (SO4~) and nitrate (NOs") - either
in the atmosphere or after deposition - resulting in the formation of two and
one H*, respectively. NHs may react with H* to form ammonium (NH4*)
and, by nitrification in soil, NHy* is oxidised to NOs  and H* ions are formed.

Weighting the individual substances according to their acidification effect,
total emissions in terms of acid equivalents can be calculated as:

m m m m m m
SO, NO, NH SO NO, NH
A= 2.9 f 3 2.9 f 3

Mg, My, My, 64 46 17
where A is the acidification index in Mmole
m, is the emission of pollutant i in tonnes
M, is the mole weight [tonne/Mmole] of pollutant i

The actual effect of the acidifying substances depends on a combination of
two factors: the amount of acid deposition and the natural capacity of the
terrestrial or aquatic ecosystem to counteract the acidification. In areas
where the soil minerals easily weather or have a high lime content, acid
deposition will be relatively easily neutralised.

Figure 2.1 shows the emission of Danish acidifying gases in terms of acid
equivalents. In 1990, the relative contribution in acid equivalents was almost
equal for the three gases. In 2012, the most important acidification factor in
Denmark is ammonia nitrogen and the relative contributions for SO, NOx
and NHs were 5 %, 34 % and 61 %, respectively. However, with regard to
long-range transport of air pollution, SO, and NOx are still the most im-
portant pollutants.
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Figure 2.1 Emissions of NH3, NOx and SO, over time in acid equivalents.
2.2 Description and interpretation of emission trends by gas
2.2.1 Sulphur dioxide (SO,)

The main part of the sulphur dioxide (SO.) emission originates from com-
bustion of fossil fuels, i.e. mainly coal and oil, in public power and district
heating plants. From 1990 to 2012, the total emission decreased by 93 %. The
large reduction is mainly due to installation of desulphurisation plant and
use of fuels with lower content of sulphur in public power and district heat-
ing plants. Despite the large reduction of the SO, emissions, these plants
make up 25 % of the total emission. Also emissions from industrial combus-
tion plants, non-industrial combustion plants and other mobile sources are
important. National sea traffic (navigation and fishing) contributes with
about 13 % of the total SO emission in 2012. This is due to the use of residu-
al oil with high sulphur content.
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Figure 2.2 SO, emissions. Distribution according to the main sectors (2012) and time series for 1990 to 2012.

2.2.2 Nitrogen oxide (NO,)

The largest sources of emissions of Nitrogen oxide (NO,) are road transport
followed by other mobile sources and combustion in energy industries
(mainly public power and district heating plants). The transport sector is the
sector contributing the most to the emission of NOx and, in 2012, 49 % of the
Danish emissions of NOx stems from road transport, national navigation,
railways and civil aviation. Also emissions from national fishing and off-
road vehicles contribute significantly to the NOx emission. For non-
industrial combustion plants, the main sources are combustion of gas oil,
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natural gas and wood in residential plants. The emissions from energy in-
dustries have decreased by 77 % from 1990 to 2012. In the same period, the
total emission decreased by 58 %. The reduction is due to the increasing use
of catalyst cars and installation of low-NOx burners and denitrifying units in
power plants and district heating plants.
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Figure 2.3 NOx emissions. Distribution according to the main sectors (2012) and time series for 1990 to 2012.
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2.2.3 Ammonia (NH3)

Almost all atmospheric emissions of ammonia (NH3) result from agricultural
activities. Only a minor fraction originates from road transport (2.0 %) and
stationary combustion (0.2 %). The share for road transport was increasing
during the 1990’s and early 2000’s due to increasing use of catalyst cars. In
more recent years the share has been decreasing due to more advanced cata-
lysts being implemented. The major part of the emission from agriculture
stems from livestock manure (80 %) and the largest losses of ammonia occur
during the handling of the manure in stables and in field application. Other
contributions come from use of mineral fertilisers (10 %), N-excretion on
pasture range and paddock (3 %), sewage sludge used as fertiliser, crops and
ammonia used for straw treatment (7 %) and field burning (less than 1 %) in
2012. The total ammonia emission decreased by 40 % from 1985 to 2012. This
is due to the active national environmental policy efforts over the past twen-
ty years. Due to the action plans for the aquatic environment and the Am-
monia Action Plan, a series of measures to prevent loss of nitrogen in agri-
cultural production has been initiated. The measures have included de-
mands for improved utilisation of nitrogen in livestock manure, a ban
against field application of livestock manure in winter, prohibition of broad-
spreading of manure, requirements for establishment of catch crops, regula-
tion of the number of livestock pr hectare and a ceiling for the supply of ni-
trogen to crops. As a result, despite an increase in the production of pigs and
poultry, the ammonia emission has been reduced considerably.
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Figure 2.4 NH3; emissions. Distribution on the main sectors (2012) and time series for 1985 to 2012.



2.3 Other air pollutants
2.3.1 Non-Methane Volatile Organic Compounds (NMVOC)

The emissions of Non-Methane Volatile Organic Compounds (NMVOC)
originate from many different sources and can be divided into two main
groups: incomplete combustion and evaporation. Road vehicles and other
mobile sources such as national navigation vessels and off-road machinery
are the main sources of NMVOC emissions from incomplete combustion
processes. Road transportation vehicles are still the main contributors, even
though the emissions have declined since the introduction of catalyst cars in
1990. The evaporative emissions mainly originate from the use of solvents
and the extraction, handling and storage of oil and natural gas. The emis-
sions from the energy industries have increased during the nineties due to
the increasing use of stationary gas engines, which have much higher emis-
sions of NMVOC than conventional boilers. The total anthropogenic emis-
sions have decreased by 52 % from 1990 to 2012, largely due to the increased
use of catalyst cars and reduced emissions from use of solvents.
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Figure 2.5 NMVOC emissions. Distribution according to the main sectors (2012) and time series for 1990 to
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2.3.2 Carbonmonoxid (CO)

Other mobile sources and non-industrial combustion plants contribute sig-
nificantly to the total emission of this pollutant. Transport is the second larg-
est contributor to the total CO emission. In 1990 a law forbidding the burn-
ing of agricultural crop residues on fields was implemented. This caused
significant reduction in CO emission. The emission decreased further by 51
% from 1990 to 2012, largely because of decreasing emissions from road
transportation.
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2.3.3 Particulate Matter (PM)

The particulate matter (PM) emission inventory is reported for the years
2000 onwards. The inventory includes the total emission of particles TSP
(Total Suspended Particles), emission of particles smaller than 10 um (PMio)
and emission of particles smaller than 2.5 ym (PMzs).

The largest PM» s emission sources are residential plants (67 %), road traffic
(10 %) and other mobile sources (8 %). For the latter, the most important
sources are off-road vehicles and machinery in the industrial sector and in
the agricultural/forestry sector (32 % and 37 %, respectively). For the road
transport sector, exhaust emissions account for the major part (60 %) of the
emissions. The PM 5 emission decreased by 3 % from 2000 to 2012 as the in-
creasing wood consumption in the residential sector has been counterbal-
anced by decreasing emissions for the remaining sectors, the most important
being the Transport sector.

The largest TSP emission sources are the residential sector and the agricul-
tural sector. The TSP emissions from transport are also important and in-
clude both exhaust emissions and the non-exhaust emissions from brake and
tyre wear and road abrasion. The non-exhaust emissions account for 65 % of
the TSP emission from road transport in 2012.
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Figure 2.7 PM emissions per sector for 2012.
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2.3.4 Heavy metals

In general, the most important sources of heavy metal emissions are com-
bustion of fossil fuels and waste. The heavy metal emissions have decreased
substantially in recent years, except for Cu. The reductions span from 27 %
to 91 % for Zn and Pb, respectively. The reason for the reduced emissions is
mainly increased use of gas cleaning devices at power and district heating
plants (including waste incineration plants). The large reduction in the Pb
emission is due to a gradual shift towards unleaded gasoline, the latter being
essential for catalyst cars. The major source of Cu is automobile tyre and
break wear (94 % in 2012) and the 30 % increase from 1990 to 2012 owe to in-
creasing mileage.

Table 2.1 Emissions of heavy metals.

Heavy metals,

kilogramme As Cd Cr Cu Hg Ni Pb Se Zn
1990 1307 993 5904 32992 3068 20853 126555 4926 59473
2012 307 203 757 42971 314 4494 11821 1242 43242
Reduction, % 76 80 87 -30 90 78 91 75 27

According to the UNECE Heavy Metal Protocol, the priority metals are Pb,
Cd and Hg and the objective is to reduce emissions of these heavy metals.

Cadmium (Cd)

The main sources of emissions of cadmium (Cd) to air are combustion in en-
ergy industries (mainly combustion of wood, wood waste and municipal
waste) and manufacturing industries (mainly combustion of residual oil). In
the transport sector emissions from passenger cars is the main source con-
tributing with 57 % of the sectoral emission in 2012. The emission from non-
industrial combustion is dominated by wood combustion in residential
plants which accounts for 76 % of the sectoral emission in 2012. Emissions
from combustion in residential plants have increased by 97 % since 1990.
The decreasing emission from energy industries are related to the decreasing
combustion of coal.
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Figure 2.9 Cd emissions. Time series for 1990 to 2012 and distribution by main sector for 2012.

Mercury (Hg)

The largest sources of mercury (Hg) emissions to air are waste incineration
and coal combustion in energy industries. Due to improved flue gas clean-
ing and decreasing coal combustion the emissions from Energy industries
decreased by 76 % from 1990-2000. The trend has continued in the following
years and the corresponding decrease from 1990-2012 is 93 %. Non-
industrial combustion is dominated by wood combustion in residential
plants while emissions from the waste sector mainly owe to cremation. The
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variations in emissions from industrial processes owe to shut down in 2002
followed by re-opening and a second shut down in 2005 of the only Danish
electro-steelwork.
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Figure 2.10 Hg emissions. Time series for 1990 to 2012 and distribution by main sector for 2012.

Lead (Pb)

The main lead (Pb) emission sources are combustion in residential plants
and energy industries and transport. In earlier years combustion of leaded
gasoline was the major contributor to Pb emissions to air but the shift to-
ward use of unleaded gasoline for transport have decreased the Pb emission
from transport by 94 % from 1990-2012. In the non-industrial combustion
sector the dominant source is wood combustion in residential plants. The
trend in the Pb emission from non-industrial combustion from 1990 to 2012
is almost constant. This is due to a decrease in emission caused by the shift
towards unleaded gasoline, as this sector includes other mobile sources in
household, gardening, agriculture, forestry, fishing and military. This is
counteracted by an increase in the emission from residential plants. The de-
creasing emission from Energy industries (97 % from 1990 to 2012) is caused
by the deceasing coal combustion and more efficient particle abatement.
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Figure 2.11 Pb emissions. Time series for 1990 to 2012 and distribution by main sector for 2012.

2.3.5 Polycyclic aromatic hydrocarbons (PAHSs)

The present emission inventory for polycyclic aromatic hydrocarbons (PAH)
includes four PAHs: benzo(a)pyrene, benzo(b)fluoranthene, ben-
zo(k)fluoranthene and indeno(1,2,3-cd)pyrene. Benzo(b)fluoranthene and
benzo(a)pyrene contribute the major part of the total PAH emission by 34 %
and 32 %, respectively in 2012.
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Figure 2.12 PAH emissions. Distribution according to reported PAHs in 2012.

The most important source of PAHs emissions is combustion of wood in the
residential sector making up 71 % of the total emission in 2012. The increas-
ing emission trend is due to increasing combustion of wood in the residen-
tial sector. The PAH emission from combustion in residential plants has in-
creased by 93 % from 1990 to 2012.
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Figure 2.13 PAH emissions. Distribution according to the main sectors (2012) and time series for 1990 to 2012.
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2.3.6 Dioxins and furans

The major part of the dioxin emission owes to wood combustion in the resi-
dential sector, mainly in wood stoves and ovens without flue gas cleaning.
Wood combustion in residential plants accounts for 60 % of the national di-
oxin emission in 2012. The contribution to the total dioxin emission from the
waste sector (25 % in 2012) owes to accidental fires, especially building fires.
The emissions of dioxins from energy industries mainly owe to the combus-
tion of biomass as wood, wood waste and to a less extend agricultural waste.
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Figure 2.14 Emissions of dioxins and furans. Distribution according to the main sectors (2012) and time series for

1990 to 2012.
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2.3.7 Hexachlorobenzene (HCB)

Stationary combustion accounts for 66 % of the estimated national hexachlo-
robenzene (HCB) emission in 2012. This owes mainly to combustion of mu-
nicipal solid waste in heating and power plants. Transport is an important
source, too, and has increased by 58 % since 1990 due to increasing diesel
consumption. The HCB emission from stationary plants has decreased 74 %
since 1990 mainly due to improved flue gas cleaning in MSW incineration
plants. The emission from agriculture was very high in the early 1990ties
due to the use of pesticides containing impurities of HCB. The HCB emis-
sion from agriculture decreased by 94 % from 1990 to 1994 and by 99 % from
1990 to 2012, causing the share of HCB emission from agriculture to drop
from 69 % in 1990 to 5 % in 2012. The emission from industrial processes has
decreased due to the closure of steel production and secondary aluminium
production in Denmark.
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Figure 2.15 HCB emissions. Distribution according to the main sectors (2012) and time series for
1990 to 2012.

2.3.8 Polychlorinated biphenyls (PCBs)

Transport accounts for 59 % of the estimated national polychlorinated bi-
phenyls (PCBs) emission in 2012. This owes mainly to combustion of diesel
in road transport. The emission from transport has decreased by 73 % since
1990 due to the phase out of leaded gasoline, which has a high PCBs emis-
sion factor. This has led to diesel fuel use being the most important source of
PCBs emissions from transport in later years. The emission from manufac-
turing industries and non-industrial combustion is dominated by diesel fuel
used in non-road machinery.
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Figure 2.16 PCBs emissions. Distribution according to the main sectors (2012) and time series for
1990 to 2012.



3 Energy (NFR sector 1)

3.1 Overview of the sector

The energy sector is reported in three main chapters:

3.2 Stationary combustion plants (NFR sector 1A1, 1A2 and 1A4)
3.3 Transport (NFR sector 1A2, 1A3, 1A4 and 1A5)

3.4 Fugitive emissions (NFR sector 1B)

Table 3.1.1 shows detailed source categories for the energy sector and plant
category in which the sector is discussed in this report.
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Table 3.1.1 NFR source categories for the energy sector.

NFR sector DCE documentation

1 A 1 a Public electricity and heat production Stationary combustion

1 A 1 b Petroleum refining Stationary combustion

1 A 1 ¢ Manufacture of solid fuels and other energy industries Stationary combustion

1 A 2 a Stationary combustion in manufacturing industries and construction: Stationary combustion, Industry
Iron and steel

1 A 2 b Stationary Combustion in manufacturing industries and construction: Stationary combustion, Industry
Non-ferrous metals

1 A 2 ¢ Stationary combustion in manufacturing industries and construction: Stationary combustion, Industry
Chemicals

1 A 2 d Stationary combustion in manufacturing industries and construction: Stationary combustion, Industry
Pulp, Paper and Print

1 A 2 e Stationary combustion in manufacturing industries and construction: Stationary combustion, Industry
Food processing, beverages and tobacco

1 A 2 f i Stationary combustion in manufacturing industries and construction: Stationary combustion, Industry
Other (Please specify in your IIR)

1 A 2 f ii Mobile Combustion in manufacturing industries and construction: ~ Transport
(Please specify in your IIR)

1 A 3 aii (i) Civil aviation (Domestic, LTO) Transport
1 A 3ai (i) International aviation (LTO) Transport
1 A3bi Road transport: Passenger cars Transport
1 A3bii Road transport:Light duty vehicles Transport
1 A3 biii Road transport:, Heavy duty vehicles Transport
1 A3biv Road transport: Mopeds & motorcycles Transport
1 A3bv Road transport: Gasoline evaporation Transport
1 A3 bvi Road transport: Automobile tyre and brake wear Transport
1 A3 bvii Road transport: Automobile road abrasion Transport
1 A 3 ¢ Railways Transport
1 A 3 di (ii) International inland waterways Transport
1 A 3 d ii National navigation (Shipping) Transport

1 A 3 e Pipeline compressors Transport (not occurring)

1 A 4 ai Commercial / institutional: Stationary

Stationary combustion

1 A 4 a ii Commercial / institutional: Mobile

Transport

1 A4bi Residential: Stationary plants

Stationary combustion

1 A4 bii Residential: Household and gardening (mobile)

Transport

1 A 4 c i Agriculture/Forestry/Fishing: Stationary

Stationary combustion

1 A 4 cii Agriculture/Forestry/Fishing: Off-road vehicles and other machinery Transport

1A 4 c iii Agriculture/Forestry/Fishing: National fishing

Transport

1 A 5 a Other stationary (including military)

Stationary combustion

1 A 5 b Other, Mobile (including military, land based and recreational boats) Transport
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1 B 1 a Fugitive emission from solid fuels: Coal mining and handling Fugitive
1 B 1 b Fugitive emission from solid fuels: Solid fuel transformation Fugitive
1 B 1 ¢ Other fugitive emissions from solid fuels Fugitive
1B 2ai Exploration, production, transport Fugitive
1 B 2 a iv Refining / storage Fugitive
1 B 2 a v Distribution of oil products Fugitive
1 B 2 b Natural gas Fugitive
1 B 2 ¢ Venting and flaring Fugitive

1 B 3 Other fugitive emissions from geothermal energy production , peat and Fugitive

other energy extraction not included in 1 B 2

Summary tables for the emissions from the energy sector are shown below.



Table 3.1.2 SO,, NO,, NMVOC, CO and PM emission from the energy sector, 2012.

NO, NMVO SO NHs; PM.s PMy, TSP CcO
C
Gg Gg Gg Gg Gg Gg Gg Gg
NOg 802
1A1 Energy Industries 21.8 1.51 3.07 0.01 0.51 0.62 0.86 11.0
1A2 Manufacturing industries and Construction 12.9 1.35 2091 0.00 0.79 087 095 10.4
1A3 Transport 56.8 1157 149 146 252 323 414 1027
1A4 Other Sectors 237 2169 240 0.18 16.58 17.01 1786 227.7
1A5 Other 05 003 002 0.00 0.01 0.01 0.01 0.3
1B1 Fugitive Emissions from fuels, Solid fuels NA NA NA NA 0.02 0.24 0.60 NA
1B2 Fugitive Emissions from fuels, Oil and Natural gas 0.1 8.87 1.06 000 000 0.00 0.00 0.2
1 B 3 Other fugitive emissions from geothermal energy
production , peat and other energy extraction not
includedin 1B 2 NA NA NA NA NA NA NA NA
Energy, Total 1158 45.02 1094 1.65 2044 2198 2442 3522
Table 3.1.3 HM emissions from the energy sector, 2012.
Pb Cd Hg As Cr Cu Ni Se Zn
Mg Mg Mg Mg Mg Mg Mg Mg Mg
1A1 Energy Industries 039 005 0.18 0.11 0.18 0.18 054 056 0.48
1A2 Manufacturing industries and Construction 040 0.03 0.04 0.08 009 0.11 153 0.08 1.47
1A3 Transport 6.43 0.05 0.03 0.04 020 4065 1.87 0.06 26.30
1A4 Other Sectors 171 005 004 004 0.12 035 0.31 0.08 5.13
1A5 Other 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
1B1 Fugitive Emissions from fuels, Solid fuels NA NA NA NA NA NA NA NA NA
1B2 Fugitive Emissions from fuels, Oil and Naturalgas 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05
1 B 3 Other fugitive emissions from geothermal energy
production , peat and other energy extraction not
includedin 1B 2 NA NA NA NA NA NA NA NA NA
Energy, Total 8.97 0.18 0.29 0.27 0.59 4130 4.24 0.79 3347
Table 3.1.4 PAH, dioxin and HCB emission from the energy sector, 2012.
PCDD/ Benzo(a)- Benzo(b)- Benzo(k)- Indeno- HCB PCB
PCDF pyrene fluoran-  fluoran- (1,2,3-cd)-
thene thene pyrene
gl-Teq Mg Mg Mg Mg kg kg
1A1 Energy Industries 1.26 0.01 0.03 0.02 0.01 1.05 0.25
1A2 Manufacturing industries and Construction 0.07 0.03 0.08 0.02 0.01 0.15 6.79
1A3 Transport 0.18 0.07 0.08 0.09 0.07 0.68 24.70
1A4 Other Sectors 15.41 217 2.22 0.80 1.35 0.37 955
1A5 Other 0.00 0.00 0.00 0.00 0.00 0.01 0.19
1B1 Fugitive Emissions from fuels, Solid fuels NA NA NA NA NA NA NA
1B2 Fugitive Emissions from fuels, Oil and Natural
gas 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 B 3 Other fugitive emissions from geothermal
energy production , peat and other energy
extraction not included in 1 B 2 NA NA NA NA NA NA NA
Energy, Total 16.92 2.27 2.42 0.93 144 226 41.48
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3.2 Stationary combustion (NFR sector 1A1, 1TA2 and 1A4)

This chapter includes stationary combustion plants in the NFR sectors 1A1,
1A2 and 1A4.

3.2.1 Source category description

Source category definition

In the Danish emission database, all activity rates and emissions are defined
in SNAP sector categories (Selected Nomenclature for Air Pollution) accord-
ing to the CORINAIR system!. The emission inventories are prepared from a
complete emission database based on the SNAP sectors. Aggregation to the
NER sector codes is based on a correspondence list between SNAP and NFR
enclosed in Annex 2A-1. Stationary combustion is defined as combustion ac-
tivities in the SNAP sectors 01-03, not including SNAP 0303.

Stationary combustion plants are included in the emission source subcatego-
ries:

e 1Al Energy, Fuel consumption, Energy Industries

e 1A2 Energy, Fuel consumption, Manufacturing Industries and Construc-
tion

e 1A4 Energy, Fuel consumption, Other Sectors

The emission and fuel consumption data included in tables and figures in
Chapter 3.2 only include emissions originating from stationary combustion
plants of a given NFR sector. The NFR sector codes have been applied un-
changed, but some sector names have been changed to reflect the stationary
combustion element of the source.

Emission share from stationary combustion compared to national total
Table 3.2.1 gives an overview of the emission share from stationary combus-

tion compared to national total. Main emission sources are discussed in
chapter 3.2.3. Key category analysis has not been performed.

1 And some additional SNAP added for industrial combustion.



Table 3.2.1 Emission share from stationary combustion compared to national total.

Pollutant Emission share, % Pollutant Emission share, %
SO, 64 Hg 79
NOy 28 Ni 52
NMVOC 20 Pb 21
CcO 35 Se 56
NHs 0.2 Zn 13
TSP 50 HCB 57
PMio 60 PCDD/F 73
PMa 5 72 Benzo(a)pyrene 89
As 73 Benzo(b)fluoranthene 88
Cd 57 Benzo(k)fluoranthene 79
Cr 48 Indeno(123cd)pyrene 86
Cu 1

3.2.2 Fuel consumption data

In 2012, the total fuel consumption for stationary combustion plants was 439
PJ of which 310 PJ was fossil fuels and 129 PJ] was biomass.

Fuel consumption distributed according to the stationary combustion sub-
categories is shown in Figure 3.2.1 and Figure 3.2.2. The majority - 57 % - of
all fuels is combusted in the source category, Public electricity and heat produc-
tion. Other source categories with high fuel consumption are Residential

plants and Industry.

Fuel consumption including biomass

1Adc | Agriculture |
Forestry / Fishing,
1Adb i Residential Stationary
plants 1%

16%

1Ada | Commercial
I Institutional plants
3%

1A2 Industry
13%

1A1e Manufacture
of solid fuels and

industries 1A1b Patroleum
6% refining
4%

Fuel consumption, fossil fuels

1A4b i Residential
plants

1Ada | Commercial
1 Institutional plants
4%

1A2 Industry
15%

1A1c Manufacture
of solid fuels and
other energy
industries 1A1b Petroleum
8% refining

5%

! 1A1a Electricity
and heat

production
57%

1A4c i Agriculture /
Forestry / Fishing,
s

1A1a Electricity
and heat
production

56%

Figure 3.2.1 Fuel consumption of stationary combustion source categories, 2012. Based

on DEA (2013a).
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Coal, natural gas and wood are the most utilised fuels for stationary com-
bustion 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 3.2.2). Wood is mainly applied for public elec-
tricity and heat production and in residential plants.

Detailed fuel consumption rates are shown in Annex 2A-2.
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Figure 3.2.2 Fuel consumption of stationary combustion 2012, disaggregated to fuel
type. Based on DEA (2013a).

Fuel consumption time series for stationary combustion plants are presented
in Figure 3.2.32. The fuel consumption for stationary combustion was 12 %
lower in 2012 than in 1990, while the fossil fuel consumption was 32 % lower
and the biomass fuel consumption 3.2 times the level in 1990.

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

2 Time series 1980 onwards are included in Annex 2A-10.
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Figure 3.2.3 Fuel consumption time series, stationary combustion. Based on DEA
(2013a).

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 emission levels. The fluc-
tuations in electricity trade, fuel consumption and NOx emission are illus-
trated and compared in Figure 3.2.4. In 1990, the Danish electricity import
was large causing relatively low fuel consumption, whereas the fuel con-
sumption was high in 1996 due to a large electricity export. In 2012, the net
electricity import was 18.8, whereas there was a 4.7 PJ electricity import in
2011. The large electricity export that occurs some years is a result of low
rainfall in Norway and Sweden causing insufficient hydropower production
in both countries.

To be able to follow the national energy consumption as well as for statistical
and reporting purposes, the Danish Energy Agency produces a correction of
the actual fuel consumption without random variations in electricity im-
ports/exports and in ambient temperature. This fuel consumption trend is
also illustrated in Figure 3.2.4. The corrections are included here to explain
the fluctuations in the time series for fuel rate and emissions.
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Fuel consumption time series for the subcategories to stationary combustion
are shown in Figure 3.2.5 -3.2.7.

Fuel consumption for Energy Industries fluctuates due to electricity trade as
discussed above. The fuel consumption in 2012 was 7 % lower than in 1990.
The fluctuation in electricity production is based on fossil fuel consumption
in the subcategory Public electricity and Heat Production. The energy con-
sumption in Other energy industries is mainly natural gas used in gas turbines
in the off-shore industry. The biomass fuel consumption in Energy Industries
in 2012 added up to 79 PJ, which is 4.8 times the level in 1990 and a 5 % in-
crease since 2011.

The fuel consumption in Industry was 17 % lower in 2012 than in 1990 (Fig-
ure 3.2.6). The fuel consumption in industrial plants has decreased consider-
ably as a result of the financial crisis. However, the fuel consumption is un-
changed since 2009. The biomass fuel consumption in Industry in 2012 added
up to 9 PJ which is a 53 % increase since 1990.



The fuel consumption in Other Sectors decreased 24 % since 1990 (Figure
3.2.7) and decreased 7 % since 2011. The biomass fuel consumption in Other
sectors in 2012 added up to 41 PJ which is 2.2 times the consumption in 1990
and a 1 % decrease since 2011. Wood consumption in residential plants in
2012 was 2.2 times the consumption in year 2000.

Time series for subcategories are shown in Chapter 3.2.4.
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3.2.3 Emissions

SO,

Stationary combustion is the most important emission source for SO, ac-
counting for 64 % of the national emission. Table 3.2.2 presents the SO, emis-
sion inventory for the stationary combustion subcategories.

Public electricity and heat production is the largest emission source accounting
for 35 % of the emission. However, the SO, emission share is lower than the
fuel consumption share for this source category, which is 57 %. This is a re-
sult of effective flue gas desulphurisation equipment installed in power
plants combusting coal. In the Danish inventory, the source category Public
electricity and heat production is further disaggregated. Figure 3.2.8 shows the
SO, emission from Public electricity and heat production on a disaggregated
level. Power plants >300MWy, are the main emission source, accounting for
41 % of the emission.

The SO, emission from industrial plants adds up to 36 % of the emission
from stationary combustion, 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 in-
dustry is also a considerable emission source. Until year 2000, the SO, emis-
sion from the industrial category only accounted for a small part of the emis-
sion from stationary combustion, but as a result of reduced emissions from
power plants, the share has now increased.

The time series for SO, emission from stationary combustion is shown in
Figure 3.2.9. The SO. emission from stationary combustion plants has de-
creased by 95 % since 1990. The large emission decrease is mainly a result of
the reduced emission from Public electricity and heat production, made possi-
ble due to installation of desulphurisation plants and due to the use of fuels
with lower sulphur content. Despite the considerable reduction in emission
from public electricity and heat production plants, these still account for 35
% of the emission from stationary combustion, as mentioned above. The
emission from other source categories also decreased considerably since
1990. Time series for subcategories are shown in Chapter 3.2.4.

Table 3.2.2 SO, emission from stationary combustion plants, 2012"

SOpMg [
1A1a Public electricity and heat production 2782 f;;“*‘”% 1A1a Public
1A1b Petroleum refining 273 g s
1A1c Other energy industries 11 Rosidontial 3%
1A2  Industry 2903 "%
1A4a Commercial/Institutional 147 aia
1A4b Residential 922 &imﬁ‘gﬁ:” 1A1b Petroleum
1Adc Agriculture/Forestry/Fisheries 1023 1.8% i

1A2 Industry 1A1c Other
Total 8061 o o e

1) Only emission from stationary combustion plants in the source categories is included.
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Figure 3.2.8 Disaggregated SO, emissions from 1A1a Energy and heat production.
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Figure 3.2.9 SO, emission time series for stationary combustion.

NO,

Stationary combustion accounts for 28% of the national NO, emission. Table
3.2.3 shows the NOy emission inventory for stationary combustion subcate-
gories.

Public electricity and heat production is the largest emission source accounting
for 43 % of the emission from stationary combustion plants. The emission
from public power boilers > 300 MWy, accounts for 29 % of the emission in
this subcategory.

Industrial combustion plants are also an important emission source account-
ing for 17 % of the emission. The main industrial emission source is cement
production, which accounts for 30 % of the emission.

Residential plants account for 12 % of the NOx emission. The fuel origin of
this emission is mainly wood accounting for 61 % of the residential plant
emission.

Other energy industries, which is mainly off-shore gas turbines accounts for 19
% of the NOy emission.

Time series for NOx emission from stationary combustion are shown in Fig-
ure 3.2.10. NOx emission from stationary combustion plants has decreased
by 72 % since 1990. The reduced emission is largely a result of the reduced



emission from public electricity and heat production due to installation of
low NOy burners, selective catalytic reduction (SCR) units and selective non-
catalytic reduction (SNCR) units. The fluctuations in the time series follow
the fluctuations in public electricity and heat production, which, in turn, re-
sult from electricity trade fluctuations.

Table 3.2.3 NO, emission from stationary combustion plants, 2012").

NOx Mg e, o
1Ata Public electricity and heat production 13994 3 2%
1A1b Petroleum refining 1604 Commerciall Tha P
1A1c Other energy industries 6248 %% o gin oyl
1A2  Industry 5316 o
1A4a Commercial/Institutional 678 1
1A4b Residential 3928
1A4c Agriculture/Forestry/Fisheries 581 e 1A1b Petroleurn
Total 32 349 SourayIncries %

1) Only emission from stationary combustion plants in the source categories is included.
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Figure 3.2.10 NOy emission time series for stationary combustion.

NMVOC

Stationary combustion plants account for 20 % of the national NMVOC
emission. Table 3.2.4 presents the NMVOC emission inventory for the sta-
tionary combustion subcategories.

Residential plants are the largest emission source accounting for 85 % of the
emission from stationary combustion plants. For residential plants NMVOC
is mainly emitted from wood and straw combustion, see Figure 3.2.11.

Public electricity and heat production is also a considerable emission source,
accounting for 9 % of the emission. Lean-burn gas engines have a relatively
high NMVOC emission factor and are the most important emission source in
this subcategory (see Figure 3.2.11). The gas engines are either natural gas or
biogas fuelled.

The time series for NMVOC emission from stationary combustion is shown

in Figure 3.2.12. The emission has increased by 12 % from 1990. The in-
creased emission is mainly a result of the increasing wood consumption in
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residential plants and of the increased use of lean-burn gas engines in CHP
plants.

The emission from residential plants increased 15 % since 1990. The
NMVOC emission from wood combustion in 2012 was 2.3 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 com-
bustion in farmhouse boilers has decreased (75 %) over this period due to
both a decreasing emission factor and 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.

The increasing consumption of wood in residential plants ceased in 2007.
The improved technology that has been implemented in residential wood
combustion have led to lower emission factors and thus decreasing NMVOC
emission since 2007.

Table 3.2.4 NMVOC emission from stationary combustion plants, 2012".

NMVOC, Mg AT PUblc  rgtning
; i ; 1ieka Aicuibine g 02%  4atc Other
1A1a Public electricity and heat production 1445 [Foresiry/ g% o energy ndusties
1A1b Petroleum refining 24 3% e
1A2 Industs
1A1c Other energy industries 40 2
271 / 1Ada
1A4a Commercial/Institutional 201 ' oot
1%
1A4b Residential 13 289
1A4c Agriculture/Forestry/Fisheries 476
1A4b
15 746 ?gg{iden!ial
1) Only emission from stationary combustion plants in the categories is included.
Residential plants Public electricity and heat production
Gas oil Natural
0.6% gas Oth
Straw 1.3% 0.2‘?;

Other plants
9% 34%

Gas engines
66%

Wood
89%

Figure 3.2.11 NMVOC emission from Residential plants and from Public elec-
tricity and heat production, 2012.
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Figure 3.2.12 NMVOC emission time series for stationary combustion.

co

Stationary combustion accounts for 35 % of the national CO emission. Table
3.2.5 presents the CO emission inventory for stationary combustion subcate-
gories.

Residential plants are the largest emission source, accounting for 80 % of the
emission. Wood combustion accounts for 88 % of the emission from residen-
tial plants, see Figure 3.2.13. This is in spite of the fact that the fuel consump-
tion share is only 47 %. Combustion of straw is also a considerable emission
source whereas the emission from other fuels used in residential plants is
almost negligible.

The time series for CO emission from stationary combustion is shown in
Figure 3.2.14. The emission has increased by 5 % from 1990. The time series
for CO from stationary combustion plants follow the time series for CO
emission from residential plants.

The increase of wood consumption in residential plants in 1999-2007 is re-
flected in the time series for CO emission. The consumption of wood in resi-
dential plants in 2012 was 3.6 times the 1990 level. The decreased emission in
2007-2012 is a result of implementation of improved residential wood com-
bustion technologies and the fact that the rapid increase of wood consump-
tion until 2007 have stopped.

Both consumption and CO emission factor for have decreased for residential
straw combustion plants since 1990.

Table 3.2.5 CO emission from stationary combustion plants, 2012").

CO, M tMa_F_’uDlic :AI:: Petroleum
9 1Adc Agriculture s&':‘:‘;i’:&n GEE'%ng 1A1c Other

1A1a Public electricity and heat production 10 728 | Forestry/ 9% energy industries

L. Fisheries 0.1%
1A1b Petroleum refining 126 7% 1A2 Induslry
1A1c Other energy industries 120 3
1A2  Industry 4201 Commercil
1A4a Commercial/Institutional 715 v
1A4b Residential 99 781
1A4c Agriculture/Forestry/Fisheries 9131 _—
Total 124802  gon™

1) Only emission from stationary combustion plants in the source categories is included.
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Figure 3.2.13 CO emission sources, residential plants, 2012.
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Figure 3.2.14 CO emission time series for stationary combustion.

NH;
Stationary combustion plants accounted for only 0.2 % of the national NH;
emission in 2012.

Table 3.2.6 shows the NH3 emission inventory for the stationary combustion
subcategories. Residential plants account for 92 % of the emission. Wood
combustion accounts for 94 % of the emission from residential plants.

The time series for the NH3 emission is presented in Figure 3.2.15. The NH;
emission has increased to 2.8 times the 1990 level.



Table 3.2.6 NH; emission from stationary combustion plants, 2012").

NHs, Mg ooty wd
1A1a Public electricity and heat production 14 otk
1A1b Petroleum refining - — AT iy
1A1c Other energy industries - /-" ‘\ 0.02%
1A2  Industry 0.04 /
1A4a Commercial/Institutional - II;
1A4b Residential 174 \
1A4c Agriculture/Forestry/Fisheries - "‘\\ /,f"

1Adb >
Residential

Total 189 92%

1) Only the emission from stationary combustion plants in the source categories is included.
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Figure 3.2.15 NH3 emission time series, stationary combustion plants.

Particulate matter (PM)
TSP from stationary combustion accounts for 50 % of the national emission.
The emission shares for PM1p and PM;5 are 60 % and 72 %, respectively.

Table 3.2.7 and Figure 3.2.16 show the PM emission inventory for the sta-
tionary combustion subcategories. Residential plants are the largest emission
source accounting for 92 % of the PM» 5 emission from stationary combustion
plants.

The primary sources of PM emissions are:

¢ Residential boilers, stoves and fireplaces combusting wood

e Farmhouse boilers combusting straw

e Power plants primarily combusting coal

e Coal and residual oil combusted in industrial boilers and processes

The PM emission from wood combusted in residential plants is the predom-
inant source. Thus, 88 % of the PM, 5 emission from stationary combustion is
emitted from residential wood combustion. This corresponds to 64 % of the
national emission. A literature review (Nielsen et al., 2003) and a Nordic pro-
ject (Sternhufvud et al., 2004) has demonstrated that the emission factor un-
certainty for residential combustion of wood in stoves and boilers is notably
high.

67



68

Figure 3.2.17 shows the fuel consumption and the PM, 5 emission of residen-
tial plants. Wood combustion accounts for 96 % of the PMss emission from
residential plants in spite of a wood consumption share of 47 %.

Emission inventories for PM have been reported for the years 2000-2012. The
time series for PM emission from stationary combustion is shown in Figure
3.2.18. The emission of TSP, PM19 and PM; 5 has increased 20 %, 21 % and 23
%, respectively, since year 2000. The increase is caused by the increased
wood combustion in residential plants. However, the PM emission factors
have decreased for this emission source category due to installation of mod-
ern stoves and boilers. The stabilisation of wood consumption in residential
plants in 2007-2012 has resulted in a decrease of PM emission from station-
ary combustion in recent years.

The time series for PM emission from stationary combustion plants follows
the time series for PM emission from residential plants.

Table 3.2.7 PM emission from stationary combustion plants, 2012",
TSP, Mg PM;io, Mg PMzs Mg

1A1a Public electricity and heat production 736 508 401
1A1b Petroleum refining 119 111 107
1A1c Other energy industries 3 2 1
1A2  Industry 333 250 177
1Ad4a Commercial/Institutional 143 141 133
1A4b Residential 16 274 15 455 15 064
1A4c Agriculture/Forestry/Fisheries 507 476 446
Total 18 114 16 941 16 328

1) Only emission from stationary combustion plants in the source categories is included.
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Figure 3.2.16 PM emission sources, stationary combustion plants, 2012.

Fuel consumption PM, 5 emission
Other Straw Other
fuels 4% fuels
Natural
?‘??/o Wood
47%
w' o Wood
Gas oil - traw 96%
7% 4%

Figure 3.2.17 Fuel consumption and PM. s emission from residential plants.
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Figure 3.2.18 PM emission time series for stationary combustion.

Heavy metals

Stationary combustion plants are among the most important emission
sources for heavy metals. The emission share for stationary combustion
compared to national total is shown for each metal in Table 3.2.8.

Table 3.2.8 and Figure 3.2.19 present the heavy metal emission inventory for
the stationary combustion subcategories. The source categories Public elec-
tricity and heat production, Residential and Industry are the main emission
sources. The emission share for waste incineration plants has decreased con-
siderably since the year 2000 due to installation of new improved flue gas
cleaning technology that was initiated based on lower emission limit values
in Danish legislation (DEPA 2011a).

Table 3.2.8 Heavy metal emission from stationary combustion plants, 2012".
As, kg Cd, kg Cr, kg Cu, kg Hg, kg Ni, kg Pb, kg Se, kg Zn, kg
1A1a Public electricity and heat production 76 27 154 134 155 220 320 450 372

1A1b Petroleum refining 32 23 24 47 22 316 68 108 104
1A1c Other energy industries 3 0 0 0 3 0 0 0 0
1A2  Industry 78 24 81 104 37 1523 385 81 957
1A4a Commercial/Institutional 3 1 4 4 2 61 5 1 24
1A4b Residential 23 37 76 288 18 126 1425 19 3661
1A4c Agriculture/Forestry/Fisheries 8 5 23 39 11 106 237 31 514
Total 223 117 361 616 248 2352 2440 690 5632

Emission share from stationary combustion 73% 57% 48% 1% 79% 52% 21% 56% 13%
1) Only emission from stationary combustion plants in the source categories is included.
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Figure 3.2.19 Heavy metal emission sources, stationary combustion plants, 2012.

The time series for heavy metal emissions are provided in Figure 3.2.20.
Emissions of all heavy metals have decreased considerably (77 % - 91 %)
since 1990, see Table 3.2.9. Emissions have decreased despite increased in-
cineration of waste. This has been made possible due to installation and im-
proved performance of gas cleaning devices in waste incineration plants and
also in large power plants, the latter being a further important emission

source.

Table 3.2.9 Decrease in heavy metal emission 1990-2012.
Pollutant As Cd Cr Cu Hg Ni Pb Se Zn
Decrease since 1990, % 81 86 93 83 91 86 84 83 77
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Figure 3.2.20 Heavy metal emission time series, stationary combustion plants.

Polycyclic aromatic hydrocarbons (PAH)
Stationary combustion plants accounted for more than 79 % of the PAH
emission in 2012.

Table 3.2.10 and Figure 3.2.21 present the PAH emission inventories for the
stationary combustion subcategories. Residential combustion is the largest
emission source accounting for more than 79 % of the emission. Combustion



of wood is the predominant source, accounting for more than 97 % of the
PAH emission from residential plants, see Figure 3.2.22.

The time series for PAH emissions are presented in Figure 3.2.23. The in-
creasing (36 % - 94 %) emission trend for PAH is a result of the increased
combustion of wood in residential plants. The time series for wood combus-
tion in residential plants is also provided in Figure 3.2.23. The stabilisation of
the consumption of wood in residential plants since 2007 is reflected in the
PAH emission time series.

Table 3.2.10 PAH emission from stationary combustion plants, 2012".
Benzo(a)- Benzo(b)- Benzo(k)- Indeno(1,2,3-
Pyrene, fluoranthene, fluoranthene, c,d)pyrene,

kg kg kg kg
1A1a Public electricity and heat production 8 34 22 6
1A1b Petroleum refining 0 0 0 0
1A1c Other energy industries 0 0 0 0
1A2 Industry 22 78 14 3
1A4a Commercial/Institutional 148 194 64 105
1A4b Residential 1882 1861 689 1061
1A4c Agriculture/Forestry/Fisheries 131 146 31 173
Total 2190 2314 822 1349
Emission share from stationary combustion 89% 88% 79% 86%

1) Only emission from stationary combustion plants in the source categories is included.
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Figure 3.2.21 PAH emission sources, stationary combustion plants, 2012.
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Figure 3.2.22 PAH emission from residential combustion plants (stationary), fuel origin.
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Figure 3.2.23 PAH emission time series, stationary combustion plants. Comparison with wood con-

sumption in residential plants.



Polychlorinated dibenzodioxins and -furans (PCDD/F)
Stationary combustion plants accounted for 73 % of the national emission of
polyclorinated dibenzodioxins and —furans (PCDD/F) in 2012.

Table 3.2.11 presents the PCDD/F emission inventories for the stationary
combustion subcategories. In 2012, the emission from residential plants ac-
counted for 82 % of the emission. Combustion of wood is the predominant
source accounting for 88 % of the emission from residential plants (Figure
3.2.24).

The time series for PCDD/F emission is presented in Figure 3.2.25. The
PCDD/F emission has decreased 64 % since 1990 mainly due to installation
of dioxin filters in waste incineration plants. The emission from residential
plants has increased due to increased wood consumption in this source cate-

gory.

Table 3.2.11 PCDD/F emission from stationary combustion plants, 2012".
PCDD/F, ;iz‘:n:i,'ﬂfd r‘e‘:i‘nti’":"-‘"""’“"‘ 1A Other
9 I-teq 1a4c agricuture atainat WL i 1

1A1a Public electricity and heat production 1.25 %z:f:::: ! 142 Industy
1A1b Petroleum refining 0.001
1A1c Other energy industries 0.001 Comiil
1A2  Industry 0.06 o
1A4a Commercial/Institutional 0.39
1A4b Residential 13.68
1A4c Agriculture/Forestry/Fisheries 1.22 1Adb
Total 16.61 i

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

Straw Other
11% fuels
’ 1%

Wood
88%

Figure 3.2.24 PCDD/F emission from residential plants, fuel origin.
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Figure 3.2.25 PCDD/F emission time series, stationary combustion plants.
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Hexachlorobenzene (HCB)
Stationary plants accounted for more than 57 % of the estimated national
emission of hexachlorobenzene (HCB) in 2012.

Table 3.2.12 shows the HCB emission inventory for the stationary combus-
tion subcategories. Public electricity and heat production account for 76 % of the
emission. Residential plants account for 15 % of the emission.

The time series for HCB emission is presented in Figure 3.2.26. The HCB
emission has decreased 74 % since 1990 mainly due to improved flue gas
cleaning in waste incineration plants. The emission from residential plants
has increased due to increased wood consumption in this source category.

Table 3.2.12 HCB emission from stationary combustion plants, 2012".

HCB, kg Cemarciall  aisoni Forstyl
1A1a Public electricity and heat production 1.052 o Tyt e
1A1b Petroleum refining 0.0002 47 "
1A1c Other energy industries 0.00000001
1A2  Industry 0.073 oo Smites
1A4a Commercial/lnstitutional 0.006 0%
1A4b Residential 0.207 [ geeoen
1A4c Agriculture/Forestry/Fisheries 0.038 %" : 1Ata Publlc.
Total 1.376 hest rocducion

1) Only the em

ission from stationary combustion plants in the source categories is included.
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Figure 3.2.26 HCB emission time series, stationary combustion plants.

Polychlorinated biphenyls (PCB)
The previous Danish emission inventories did not include polychlorinated
biphenyls (PCB) emissions.

PCB can be emitted in any chemical process involving chloride and organic
carbon or emitted due to incomplete combustion of PCB in fuel (waste incin-
eration). In Denmark, waste with high levels of PCB is only incinerated in
plants with permission to incinerate this waste fraction as it requires a high
combustion temperature.

Different references for PCB emissions are not directly comparable because
some PCB emission data are reported for individual PCB congeners, some as
a sum of a specified list of PCB congeners and some PCB emission data are



reported as toxic equivalence (teq) based on toxicity equivalence factors
(TEF) for 12 dioxin-like PCB congeners. The emission measurements report-
ed by Thistlethwaite (2001a and 2001b) show that the emission of non-
dioxin-like PCBs is high compared to the emission of dioxin-like PCBs.

Furthermore, teq values based on TEF are reported as WHOzs-teq or
WHO199s-teq. This difference is however typically less than 50%?.

For stationary combustion the emission inventory is a sum of dioxin-like
PCB (dI-PCB) emission, no teq values applied.

Stationary plants accounted for 1 % of the estimated national PCB emission
in 2012.

Table 3.2.13 shows the dI-PCB emission inventory for the stationary combus-
tion subcategories. Public electricity and heat production account for 58 % of the
emission. Residential plants account for 25 % of the emission.

The time series for dI-PCB emission is presented in Figure 3.2.26. The dI-PCB
emission has decreased 63 % since 1990. The decrease is mainly a result of
the flue gas cleaning devices that have been installed in waste incineration
plants for dioxin reduction.

Table 3.2.13 PCB emission from stationary combustion plants, 2012".

PCB, kg T s
. .. . 1A4b Fisheries

1A1a Public electricity and heat production 0.250 Rwkdantie 4%
1A1b Petroleum refining 0.001
1A1c Other energy industries 0.000 tasa
1A2  Industry 0.051 [nsttutonal
1A4a Commercial/Institutional 0.003 eckicty and
1A4b Residential 0.108 142 Inausiy heat prodscion
1A4c Agriculture/Forestry/Fisheries 0.016

1A1c Other

energy rn?usmes r‘;'l::i,n Petroleum
Total 0.427 0.000001% bk

1) Only the emission from stationary combustion plants in the source categories is included.
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Figure 3.2.26 PCB emission time series, stationary combustion plants.

3 Data have been compared for a few datasets in which each dioxin-like PCB conge-
ner was specified
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3.2.4 Trend for subsectors

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 consumption and emissions.

1A1 Energy industries
The emission source category 1A1 Energy Industries consists of the subcate-
gories:

¢ 1Ala Public electricity and heat production
¢ 1Alb Petroleum refining
¢ 1Alc Other energy industries

Figure 3.2.27 — 3.2.31 present time series for the Energy Industries. Public elec-
tricity and heat production is the largest subcategory accounting for the main
part of all emissions. Time series are discussed below for each subcategory.
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Figure 3.2.30 Time series for HM emission, 1A1 Energy industries.
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Figure 3.2.31 Time series for PAH, PCDD/F, HCB and dI-PCB emission, 1A1 Energy industries.
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1A1a Public electricity and heat production

Public electricity and heat production is the largest source category regard-
ing fuel consumption for stationary combustion. Figure 3.2.32 shows the
time series for fuel consumption and emissions of SO,, NOx, NMVOC and
CO.

The fuel consumption in public electricity and heat production was 13 %
lower in 2012 than in 1990. As discussed in Chapter 3.2.2 the fuel consump-
tion 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 electricity import. The coal
consumption in 2012 was 57 % lower than in 1990. Natural gas is also an im-
portant fuel and the consumption of natural gas has increased since 1990. A
considerable part of the natural gas is combusted in gas engines (Figure
3.2.27). The consumption of waste and biomass has increased.

The SO, emission has decreased 98 % from 1990 to 2012. This decrease is a
result of both lower sulphur content in fuels and installation and improved
performance of desulphurisation plants. The emission was higher in 2012
than in 2011, but the emission has however decreased 64 % since 2005.

The NOx emission has decreased 85 % since 1990 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 2012 was 3.2 times the 1990 emission level. This
is a result of the large number of gas engines that has been installed in Dan-
ish CHP plants. The decreasing emission in 2004-2012 is results of the time
series for natural gas consumption in gas engines (Figure 3.2.27). In addition
the emission of NMVOC from engines decreased in 1995-2007 as a result of
introduction of an emission limits for unburned hydrocarbon* (DEPA 2005).

The CO emission was 35 % higher in 2012 than in 1990. The fluctuations fol-
low the fluctuations of the fuel consumption. In addition, the emission from
gas engines is considerable.

4 Including methane.
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Figure 3.2.32 Time series for 1A1a Public electricity and heat production.

1A1b Petroleum refining

Petroleum refining is a small source category regarding both fuel consump-
tion and emissions for stationary combustion. Presently two refineries are
operating in Denmark. Figure 3.2.33 shows the time series for fuel consump-
tion and emissions.

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

The fuel consumption has increased 9 % since 1990.

The emission of SO, has shown a pronounced decrease (74 %) since 1990,
mainly because decreased consumption of residual oil (38%) also shown in
Figure 3.2.33. The increase in SO, emission in 1990-1992 also follows the re-
sidual oil consumption. The NOx emission in 2012 was 10 % higher in 2012
than in 1990. Since 2005, data for both SO, and NOx are plant specific data
stated by the refineries.

The NMVOC emission time series follows the time series for fuel consump-
tion.
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A description of the Danish emission inventory for fugitive emissions from
fuels is given in Plejdrup et al. (2011) and in Chapter 3.4.
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Figure 3.2.33 Time series for 1A1b Petroleum refining.

1A1c Other energy industries

The source category Other energy industries comprises natural gas consump-
tion in the off-shore industry and in addition a small consumption in the
Danish gas treatment plant®. Gas turbines are the main plant type. Figure
3.2.34 shows the time series for fuel consumption and emissions.

The fuel consumption in 2012 was 2.6 times the consumption in 1990. The
fuel consumption has decreased since 2008.

The emissions follow the increase of fuel consumption.

The decrease of CO emission in 2005 — 2007 is a result of a lower emission
factor. This decrease of emission factor is valid for gas turbines in cogenera-
tion plants, but might not be valid for off shore gas turbines. However, the
same emission factors have been assumed for CO emission due to the lack of
data from off shore gas turbines.

5 Nybro.
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Figure 3.2.34 Time series for 1A1c Other energy industries.

1A2 Industry
Manufacturing industries and construction (Industry) consists of both station-
ary and mobile sources. In this chapter, only stationary sources are included.

The emission source category 1A2 Industry consists of the subcategories:

e 1A2a  Ironand steel

e 1A2b  Non-ferrous metals

e 1A2c¢  Chemicals

e 1A2d  Pulp, Paper and Print

e 1A2e  Food processing, beverages and tobacco

e 1A2fi Industry-Other

Figure 3.2.35 - 3.2.39 show the time series for fuel consumption and emis-
sions. The subsector Industry — Other is the main subsector for fuel consump-
tion and emissions. Food processing, beverages and tobacco is also an important
subsector.

The total fuel consumption in industrial combustion was 17 % lower in 2012

than in 1990. The consumption of natural gas has increased since 1990
whereas the consumption of coal has decreased. The consumption of residu-
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al oil has decreased, but the consumption of petroleum coke increased. The
biomass consumption has increased 53 % since 1990.

The SO, emission has decreased 82 % since 1990. This is mainly a result of
lower consumption of residual oil in the industrial sector (Figure 3.2.35).
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 has decreased 57 % since 1990 due to the reduced emis-
sion from industrial boilers in general. Cement production is the main emis-
sion source accounting for more than 50 % of the industrial emission in 1990-
2009¢. In 2012, the NOy emission from cement industry was 33 % of the in-
dustrial emission. The NOy emission from cement production was reduced
75 % since 1990. The reduced emission is a result of installation of SCR on all
production units at the cement production plant in 2004-20077 and improved
performance of the SCR units in recent years. A NOy tax was introduced in
2010 (DMT, 2008).

The NMVOC emission has decreased 75 % since 1990. The decrease is main-
ly a result of decreased emission factor for combustion of wood in industrial
boilers. The emission from gas engines has however increased considerably
after 1995 due to the increased fuel consumption that is a result of the instal-
lation of a large number of industrial CHP plants (Figure 3.2.35). The
NMVOC emission factor for gas engines is much higher than for boilers re-
gardless of the fuel.

The CO emission in 2012 was 11 % lower than in 1990. The main source of
emission is combustion in Industry — Other, primarily in wood and cement
production. The CO emission from mineral wool production is included in
the industry sector (2A7d).

The large decrease of Hg emission since 2009 is related to a large decrease of
particulate matter emission and to a large decrease of coal consumption
since 2009.

6 More than 65 % of sector 1A2f i
7 To meet emission limit
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1A2a Iron and steel

Iron and steel is a very small emission source category. Figure 3.2.40 shows
the time series for fuel consumption and emissions of SO,, NO,, NMVOC
and CO.

Natural gas is the main fuel in the subsector.
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Figure 3.2.40 Time series for 1A2a Iron and steel.
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Fuel consumption, PJ

SO., Gg

NOy, Gg

1A2b Non-ferrous metals
Non-ferrous metals is a very small emission source category. Figure 3.2.41

shows the time series for fuel consumption and emissions of SO, NO,,
NMVOC and CO.

Natural gas is the main fuel in the subsector. The consumption of residual
oil has decreased and the SO, emission follows this fuel consumption for re-
sidual oil. The emissions of NOy, NMVOC and CO follow the fuel consump-

tion.
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Figure 3.2.41 Time series for 1A2b Non-ferrous metals.



1A2c Chemicals

Chemicals is a minor emission source category. Figure 3.2.42 shows the time
series for fuel consumption and emissions of SO, NOx, NMVOC and CO.

Natural gas is the main fuel in this subsector. The consumption of residual
oil has decreased and the SO, emission follows this fuel consumption.
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1A2d Pulp, paper and print

Pulp, paper and print is a minor emission source category. Figure 3.2.43 shows
the time series for fuel consumption and emissions of SO,, NO,, NMVOC
and CO.

Natural gas - and since 2007 also wood - are the main fuels in the subsector.
The consumption of coal and residual oil has decreased and this is reflected
in the SO, emission time series. The increased consumption of wood since
2007 has resulted in a considerable increase in NMVOC and CO emission in
2007-2012.

Fuel consumption, PJ

o -] o © (=] o~
g § 8 8 8 8 &8 & 8 8 g =
- - - - ™~ o~ o~ o~ ™~ o~ o~
[@W00D SWASTE SNATURALGAS — GPETROLEUM GOKE
! WRESIDUAL OIL BmGAS OIL alLPG BCOAL

-
o

0.040

/\ - 0.035
0,030

-
.

-
5]

o -
@ o
o o
(=1 (=]
5] »N
o o

06 |n.o15
04 \ - 80.010
02 ~0.005
w————« o]
NN | M %Dmﬁ'é'é'ﬁ'é'é""é'é'é'g‘r“
o 8 8 8 8 8 B 8 8 BB E G S ¢ 8 &8 888 8 5 8 8 8 & &
0.50 09
0.45 08 —
040 07
035 06
030 o
025 '
020 1 o
0.15 | L
o | U-ZWJ
©30.05 . 0.1 :
o
(2_0.008 e o (D.o'o o~ ¢ © o« " 2 c 5 o
c & 8 2 888 8§ 8 F R B ERg EE EEEEEEEE B G

Figure 3.2.43 Time series for 1A2d Pulp, paper and print.



1A2e Food processing, beverages and tobacco

Food processing, beverages and tobacco is a considerable industrial subsector.
Figure 3.2.44 shows the time series for fuel consumption and emissions of
SO,, NOx, NMVOC and CO.

Natural gas and residual oil are the main fuels in the subsector. The con-
sumption of residual oil has decreased and this is reflected in the SO, emis-
sion time series. The consumption of natural gas has increased.
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Figure 3.2.44 Time series for 1A2e Food processing, beverages and tobacco.
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T1A2f Industry - other

Industry - other is a considerable industrial subsector. Figure 3.2.45 shows the
time series for fuel consumption and emissions of SO,, NO,, NMVOC and
CO. The subsector includes cement production that is a major industrial
emission source in Denmark.

Natural gas is the main fuels in the subsector in recent years. The consump-
tion of coal and residual oil has decreased.

The NOx time series is discussed above on page 85.
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1A4 Other Sectors
The emission source category 1A4 Other Sectors consists of the subcategories:

1A4a Commercial/Institutional plants.

1A4b Residential plants.

1Alc Agriculture/Forestry.

Figure 3.2.46 — 3.2.50 present time series for this emission source category.
Residential plants is the largest subcategory accounting for the largest part of
all emissions. Time series are discussed below for each subcategory.

The HCB emission time series follows the fuel consumption of coal in resi-

dential plants. The HCB emission factor for coal used in residential plants is
high compared to other fuels.
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Figure 3.2.50 Time series for PAH, PCDD/F, HCB and dioxin-like PCB emission, 1A4 Other Sectors.

T1A4a Commercial and institutional plants

The subcategory Commercial and institutional plants has low fuel consumption
and emissions compared to the other stationary combustion emission source
categories. Figure 3.2.51 shows the time series for fuel consumption and

emissions.

The fuel consumption in commercial/institutional plants has decreased 41 %
since 1990 and there has been a change of fuel type. The fuel consumption
consists mainly of gas oil and natural gas. The consumption of gas oil has
decreased and the consumption of natural gas has increased since 1990. The
consumption of wood and biogas has also increased. The wood consump-
tion in 2012 was 4.3 times the consumption in 1990 (see Figure 3.2.46).



Fuel consumption, PJ
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The SO, emission has decreased 92 % since 1990. The decrease is a result 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 (DEPA, 1998).

The NOx emission was 49 % lower in 2012 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 en-
gines and wood combustion has increased.

The NMVOC emission in 2012 was 1.5 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 (Figure 3.2.46) also contributes to the increased NMVOC emission.

The CO emission has decreased 25 % 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
used in the sector.
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Figure 3.2.51 Time series for 1A4a Commercial /institutional.
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1A4b Residential plants

The emission source category Residential plants consists of both stationary
and mobile sources. In this chapter, only stationary sources are included.
Figure 3.2.52 shows the time series for fuel consumption and emissions.

For residential plants, the total fuel consumption was 17 % lower in 2012
than in 1990. The large decrease from 2010 to 2011 is caused by higher tem-
perature in the winter season of 2011. The consumption of gas oil has de-
creased since 1990 whereas the consumption of wood has increased consid-
erably (3.6 times the 1990 level). The consumption of natural gas has also in-
creased since 1990.

The large decrease (85 %) of SO, 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 (DEPA, 1998). In addition, the
consumption of gas oil has decreased and the consumption of natural gas
that results in very low SO, emissions has increased.

The NOx emission has increased by 12 % since 1990 due to the increased
emission from wood combustion. The emission factor for wood is higher
than for gas oil.

The emission of NMVOC has increased 15 % since 1990 as a result of the in-
creased combustion of wood. The emission factor for wood has decreased
since 1990, but not as much as the increase in consumption of wood. The
emission factors for wood and straw are higher than for liquid or gaseous
fuels.

The CO emission has increased 16 % due to the increased use of wood that is
the main source of emission. The emission from combustion of straw has de-
creased since 1990.
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Figure 3.2.52 Time series for 1A4b Residential plants.

T1A4c Agriculture/forestry

The emission source category Agriculture/forestry consists of both stationary
and mobile sources. In this chapter, only stationary sources are included.
Figure 3.2.53 shows the time series for fuel consumption and emissions.

For plants in agriculture/forestry, the fuel consumption has decreased 42 %
since 1990. A remarkable decrease of fuel consumption has taken place since
year 2000.

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 3.2.46). Most CHP plants in agricul-
ture/forestry based on gas engines came in operation in 1995-1999. The de-
crease 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 decreased again
in recent years.

The SO, emission was 68 % lower in 2012 than in 1990. The emission de-
creased mainly in the years 1996-2002. The main emission sources are coal,
residual oil and straw.

The emission of NOx was 50 % lower in 2012 than in 1990.

The emission of NMVOC has decreased 42 % since 1990. The major emission
source is combustion of straw. The consumption of straw has decreased
since 1990. The emission from gas engines has increased mainly due to in-
creased fuel consumption.

The CO emission has decreased 72 % since 1990. The major emission source

is combustion of straw. In addition to the decrease of straw consumption,
the emission factor for straw has also decreased since 1990.
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Figure 3.2.53 Time series for 1A4c Agriculture/Forestry.

3.2.5 Methodological issues

The Danish emission inventory is based on the CORINAIR (CORe INvento-
ry 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 Emis-
sion Inventory Guidebook 3t edition, 2007 update, prepared by the
UNECE/EMEP Task Force on Emissions Inventories and Projections (EEA
2007). Emission data are stored in an Access database, from which data are
transferred to the reporting formats.

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.

Tiers

The emission inventory is based on the methodology referred to as Tier 2
and Tier 3 in the IPCC Guidelines (IPCC 1996).



Large point sources

Large emission sources such as power plants, industrial plants and refineries
are included as large point sources in the Danish emission database. Each
point source may consist of more than one part, e.g. a power plant with sev-
eral units. By registering the plants as point sources in the database, it is pos-
sible to use plant-specific emission factors.

In the inventory for the year 2012, 62 stationary combustion plants are speci-
fied as large point sources. These point sources include:

e Power plants and decentralised CHP plants.
e Waste incineration plants.

e Large industrial combustion plants.

e Petroleum refining plants.

The criteria for selection of point sources consist of the following:
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 significant fuel consumption.

e All waste incineration plants obligated to report environmental data an-
nually according to Danish law (DEPA 2011).

¢ Industrial plants,

e With an installed effect of 50 MW, or above and significant fuel con-
sumption.

e With a significant process related emission.

The fuel consumption of stationary combustion plants registered as large
point sources in the 2012 inventory was 225 PJ. This corresponds to 51 % of
the overall fuel consumption for stationary combustion.

A list of the large point sources for 2012 and the fuel consumption rates is
provided in Annex 2A-6. The number of large point sources registered in the
databases increased from 1990 to 2012.

The emissions from a point source are based either on plant specific emis-
sion data or, if plant specific data are not available, on fuel consumption da-
ta and the general Danish emission factors. Annex 2A-6 shows which of the
emission data for large point sources are plant-specific and the correspond-
ing share of the emission from stationary combustion.

The emission shares from point sources with plant specific data are shown in
Table 3.2.14.
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Table 3.2.14 Emission share, plant specific data.
Pollutant ~ Share from plant specific data, %

SO; 52
NOx 43
NMVOC 0.02
CO 2.7
NH; 3.3
TSP 2.8
PM1o 2.2
PMazs 1.7
As 10
Cd 7
Cr 16
Cu 6
Hg 55
Ni 2.4
Pb 2.8
Se 57
Zn 4
PCDD/F 2

502 and NOx emissions from large point sources are often plant-specific
based on continuous emission measurements. Emissions of CO, NMVOC,
PM, heavy metals and PCDD/F are also plant-specific for some plants.
Plant-specific emission data are obtained from:

e Annual environmental reports / environmental reporting available on
the Danish EPA home page? (PRTR data)

e Annual plant-specific reporting of SO, and NOx from power plants
>25MW. prepared for the Danish Energy Agency (DEA) and Ener-
ginet.dk

e Emission data reported by DONG Energy and Vattenfall, the two major
power plant operators

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 environmental reports are,
in general, based on emission measurements, but some emissions have po-
tentially been calculated from general emission factors.

If plant-specific emission factors are not available, general area source emis-
sion factors are used.

Area sources

Fuels not combusted in large point sources are included as source category
specific area sources in the emission database. Plants such as residential
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 emis-
sion factors is provided below.

8 http:/ /www3.mst.dk/Miljoeoplysninger/PrtrPublicering /Index



Activity rates, fuel consumption

The fuel consumption rates are based on the official Danish energy statistics
prepared by DEA. DCE aggregates fuel consumption rates to SNAP catego-
ries. Some fuel types in the official Danish energy statistics are added to ob-
tain a less detailed fuel aggregation level cf. Annex 2A-3. The calorific values
on which the energy statistics are based are also enclosed in Annex 2A-3.
The calorific values shown in the annex are default values but if available
plant specific reporting to the energy statistics is based on plant specific cal-
orific values. The correspondence list between the energy statistics and
SNAP categories is enclosed in Annex 2A-9.

The fuel consumption of the NFR category Manufacturing industries and con-
struction (corresponding to SNAP category 03) is disaggregated into indus-
trial subsectors based on the DEA data set aggregated for the Eurostat re-
porting (DEA 2013c).

Both traded and non-traded fuels are included in the Danish energy statis-
tics. 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 628 TJ in 2012) is not included in the Danish invento-
ry. This is in agreement with the IPCC Guidelines (1996).

The fuel consumption data for large point sources refer to the EU Emission
Trading Scheme (EU ETS) data for plants for which the Danish CO; emission
inventory also refer to EU ETS.

For all other large point sources, the fuel consumption refers to a DEA data-
base (DEA 2013b). The DEA compiles a database for the fuel consumption 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 consumption
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 consump-
tion for non-energy purposes is relatively low, e.g. 11.5 PJ in 2012. The use of
white spirit is included in the inventory in Solvent and other product use. The
emissions associated with the use of bitumen and lubricants are included in
Industrial Processes.

In Denmark, all waste incineration is 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 3.2.2.

Town gas

Town gas has been included in the fuel category natural gas. The consump-
tion of town gas in Denmark is very low, e.g. 0.6 PJ in 2012. In 1990, the town
gas consumption was 1.6 PJ and the consumption has been steadily decreas-
ing throughout the time series.

107



108

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 3.2.15 (KE, 2013).

Table 3.2.15 Composition of town gas currently used (KE, 2013).

Component Town gas, % (mol.)
Methane 43.9
Ethane 2.9
Propane 1.1
Butane 0.5
Carbon dioxide 0.4
Nitrogen 40.5
Oxygen 10.7

In earlier years, the composition of town gas was somewhat different. Table
3.2.16 is constructed with the input from Kebenhavns Energi (KE) (Copen-
hagen Energy) and Danish Gas Technology Centre (DGC), (Jeppesen, 2007;
Kristensen, 2007). The data refer to three measurements performed several
years apart; the first in 2000 and the latest in 2005.

Table 3.2.16 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

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.

Emission factors

For each fuel and SNAP category (sector and e.g. type of plant), a set of gen-
eral area source emission factors has been determined. The emission factors
are either nationally referenced or based on the international guidebooks:
EMEP/EEA Guidebook (EEA, 2013)° and IPCC Reference Manual (IPCC,
1996).

A complete list of emission factors including time series and references is
provided in Annex 2A-4.

SO, and NO, emission factors

Emission factors for SO, and NOx are listed in Annex 2A-4. The appendix in-
cludes references and time series. Further details about the references, addi-

9 And former editions of the EMEP/EEA Guidebook.



tional references, assumptions and discussions are included in Nielsen et al.
(2014). An extract from this report have been enclosed in Annex 2A-12.

The emission factors refer to:

e The EMEP/EEA Guidebook: EEA (2013) and former editions.

e The IPCC Guidelines, Reference Manual (IPCC, 1996).

e Danish legislation:

e Danish research reports including:

e Two emission measurement programs for decentralised CHP plants
(Nielsen et al. 2010; Nielsen & Illerup, 2003).

e Research and emission measurements programs for biomass fuels.

e Research and environmental data from the gas sector.

e Aggregated emission factors for residential wood combustion based on
technology distribution (Hessberg & Justesen, 2013) and technology spe-
cific emission factors (EEA, 2013; DEPA, 2010).

e Calculations based on plant-specific emissions from a considerable num-
ber of power plants.

e Calculations based on plant-specific emission data from a considerable
number of waste incineration plants. These data refer to annual environ-
mental reports published by plant operators.

e Sulphur content data from oil companies and the Danish gas transmis-
sion company, Energinet.dk.

¢ Additional personal communication.

Emission factor time series have been estimated for a considerable number
of the emission factors. These are provided in Annex 2A-4.

NMVYOC emission factors
Emission factors for NMVOC are listed in Annex 2A-4. The annex includes
references and time series. The emission factors for NMVOC refer to:

* An emission measurement program for decentralised CHP plants (Niel-
sen et al., 2010a).

e The EMEP/EEA Guidebook (EEA, 2009).

e Aggregated emission factor based on the technology distribution for res-
idential wood combustion and guidebook (EEA, 2013) emission factors.
Technology distribution based on Hessberg & Justesen (2013).

e DGC Danish Gas Technology Centre 2001, Naturgas — Energi og milje
(DGC, 2001).

¢ Gruijthuijsen L.v. & Jensen ]J.K., 2000. Energi- og miljooversigt, Danish
Gas Technology Centre 2000 (In Danish).

CO emission factors
Emission factors for CO are listed in Annex 2A-4. The annex includes refer-
ences and time series. The emission factors for CO refer to:

e The EMEP/EEA Guidebook (EEA, 2009) and the former update (EEA,
2007).

e IPCC Guidelines (IPCC, 1997)

* An emission measurement program for decentralised CHP plants (Niel-
sen et al., 2010a).

¢ Danish legislation (DEPA, 2001a)
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e Aggregated emission factor based on the technology distribution for res-
idential wood combustion and guidebook (EEA, 2013) emission factors.
Technology distribution based on Hessberg & Justesen (2013).

e DCE estimate based on annual environmental reports for Danish waste
incineration plants without power production, year 2000.

¢ Nikolaisen et al. (1998)

¢ Jensen & Nielsen (1990)

e Bjerrum (2002)

e Sander (2002)

¢ Gruijthuijsen & Jensen (2000)

NH; emission factors

Emission factors have been included for residential wood combustion, resi-
dential straw combustion, waste incineration in public power production
and residential combustion of coal and coke oven coke. The emission factor
for waste incineration plants refers to a Danish emission measurement pro-
gramme (Nielsen et al., 2010a) and all other emission factors refer to the
EMEP/EEA Guidebook (EEA, 2009). Time series have not been estimated..

Particulate matter (PM) emission factors
Emission factors for PM and references for the emission factors are listed in
Annex 2A-4. The emission factors are based on:

e The TNO/CEPMEIP emission factor database (CEPMEIP, 2001).
In addition, a considerable number of country-specific factors referring to:

e Danish legislation:

e DEPA (2001a), The Danish Environmental Protection Agency,
Luftvejledningen (legislation from Danish Environmental Protection
Agency).

e DEPA (1990), The Danish Environmental Protection Agency,
Bekendtgorelse 698 (legislation from Danish Environmental Protec-
tion Agency).

e Calculations based on plant-specific emission data from a considerable
number of waste incineration plants.

e Aggregated emission factors for residential wood combustion based on
technology distribution (Hessberg & Justesen, 2013) and technology spe-
cific emission factors (EEA, 2013; DEPA, 2010b).

e Two emission measurement programs for decentralised CHP plants
(Nielsen et al., 2010a; Nielsen & Illerup, 2003).

¢ An emission measurement program for large power plants (Livbjerg et
al., 2001).

* Research leading to the first Danish PM emission inventory for stationary
combustion (Nielsen et al., 2003)

¢ Additional personal communication concerning straw combustion in res-
idential plants.

Emission factor time series have been estimated for residential wood com-
bustion and waste incineration. All other emission factors have been consid-
ered constant in 2000-2012.

Heavy metals emission factors
Emission factors for 2012 for heavy metals (HM) are shown in Annex 2A-4.
The annex includes references and time series. The emission factors refer to:



e Two emission measurement programs carried out on Danish decentral-
ised CHP plants (Nielsen et al., 2010a; Nielsen & Illerup, 2003).

e Implied Emission Factors for power plants based on plant specific data
reported by the power plant owners.

e Research concerning heavy metal emission factors representative for
Denmark (Illerup et al., 1999).

e A CONCAWE study (Denier van der Gon & Kuenen, 2010)

e Data for Danish natural gas (Gruijthuijsen, 2001; Energinet.dk home-
page)

e Emission factors without national reference all refer to EEA (2009).

Time series have been estimated for coal and for waste incineration. For all
other sources, the same emission factors have been applied for 1990-2012.

The heavy metal emission inventory has been documented in detail in Niel-
sen et al. (2013c).

PAH emission factors
Emission factors 2012 for PAH are shown in Annex 2A-4. The appendix in-
cludes references. The PAH emission factors refer to:

e Research carried out by TNO (Berdowski et al., 1995).

e Research carried out by Statistics Norway (Finstad et al., 2001).

e An emission measurement program performed on biomass fuelled
plants. The project was carried out for the Danish Environmental Protec-
tion Agency (Jensen & Nielsen, 1996).

¢ Two emission measurement programs carried out on Danish decentral-
ised CHP plants (Nielsen et al., 2010a; Nielsen & Illerup, 2003).

e Additional information from the gas sector (Jensen, 2001).

For residential wood combustion, country specific emission factors have
been aggregated based on technology distribution in the sector (Hessberg &
Justesen, 2013) and technology specific emission factors (EEA, 2013; DEPA
2010b).

Emission factor time series have been estimated for residential wood com-
bustion, natural gas fuelled engines, biogas fuelled engines and waste incin-
eration plants. All other emission factors have been considered constant
from 1990 to 2012. In general, emission factors for PAH are uncertain.

PCDD/F emission factors
Emission factors 2012 for PCDD/F are shown in Annex 2A-4.

The emission factor for residential wood combustion refers to technology
specific emission factors (EEA 2013; DEPA 2010) and to updated technology
distribution data (Hessberg & Justesen, 2013).

The emission factors for decentralised CHP plants! refer to an emission
measurement program for these plants (Nielsen et al. 2010a).

10 Natural gas fuelled engines, biogas fuelled engines, gasoil fuelled engines, engines
fuelled by biomass producer gas, CHP plants combusting straw or wood and waste
incineration plants.
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All other emission factors refer to research regarding PCDD/F emission car-
ried out by NERI (now DCE) to prepare a new PCDD/F emission inventory
(Henriksen et al., 2006).

Time series have been estimated for residential wood combustion and for in-
cineration of waste. For all other sources, the same emission factors have
been applied for 1990-2012.

HCB emission factors

The HCB emission inventory has been improved since last year. HCB emis-
sion factors have been added for all fuels and some existing emission factors
have been revised. The improved HCB emission inventory has been docu-
mented in Nielsen et al. (2014).

Table 3.2.17 shows the emission factors and references for the Danish emis-
sion factors.

Table 3.2.17 Emission factors for HCB, stationary combustion

Fuel NFR (SNAP) Emission factor, Reference
ng/GJ

Coal 1A1, 1A2 6,700 Grochowalski & Konieczynski (2008);
EEA (2013)

Coal 1A4b 1,200,000 Syc et al. (2011)

Coal 1A4a and 1A4c 23,000 Syc et al. (2011)

Other solid 1A1, 1A2 6,700 Assumed equal to coal.

fuels

Other solid 1A4 1,200,000 Assumed equal to coal.

fuels

Liquid fuels”  1A1, 1A2, 1A4 220 Nielsen et al. (2010)

Gaseous fuels  1A1, 1A2, 1A4 - Negligible

Waste 1A1, 1A2, 1A4 4300 Nielsen et al. (2010). A time series

have been estimated. The emission
factor for 1990 (190,000 ng/GJ) refer to
Pacyna et al. (2003).

Wood 1A1, 1A2 5,000 EEA (2013)
Wood 1A4 5,000 EEA (2013)
Straw 1A1, 1A2 113 Nielsen et al. (2010)
Straw 1A4 5,000 EEA (2013)
Biogas 1A1, 1A2, 1A4 190 Nielsen et al. (2010)
Producer gas  1A1, 1A2, 1A4 800 Nielsen et al. (2010)

Except LPG and refinery gas

For coal, the emission factor from Grochowalski & Konieczyrski (2008) will
be applied for energy industries and for industrial plants. This emission fac-
tor is also applied in the EEA Guidebook (EEA, 2013).

For residential plants, the emission factor 1,200,000 ng/G]J will be applied re-
ferring to Syc et al. (2011). For commercial/institutional plants and for plants
in agriculture / forestry the lower end of the value in Syc et al. (2011) (23,000
ng/GJ) will be applied.

The emission factor for gas oil fuelled CHP engines (220 ng/GJ) referring to
Nielsen et al. (2010) will be applied for all liquid fuels except for LPG and re-
finery gas.



For gaseous fuels, LPG and refinery gas no data are available and the emis-
sion is negligible.

For waste combustion, emission data from Danish plants are available and
these data will be applied (Nielsen et al., 2010). The emission factor 4,300
ng/G]J will be applied for 2005 onwards. The HCB emission factor for 1990
refers to Pacyna et al. (2003). The emission of HCB is related to emission of
PCDD/F and the decline rate between 1990 and 2005 is based on the decline
rate for PCDD/F.

Recent emission measurements from Polish industrial waste incineration
plants confirms the emission factor level for waste incineration considering
that the PCDD/F emission level is 15 times the PCDD/F emission level for
Danish plants.

For wood combustion, the emission factors from EEA (2013) will be applied
for both energy industries, industrial plants and for non-industrial plants.
For residential wood combustion, it would be relevant to estimate a time se-
ries. However, the currently available data are considered insufficient for
this estimate.

The CI content in straw is higher than in wood (Villeneuve et al., 2012) and
thus the emission from straw combustion might potentially be higher. How-
ever, the emission factor for CHP plants combusting straw reported in Niel-
sen et al. (2010) is lower than the emission factor applied for wood.

The emission factor for energy industries and industrial combustion refer to
Nielsen et al. (2010). For non-industrial plants, the EEA (2013) emission fac-
tor will be applied.

The emission factors for biogas and producer gas both refer to Nielsen et al
(2010).

PCB emission factors

The PCB emission inventory has been improved since last year. The im-
proved PCB emission inventory has been documented in Nielsen et al.
(2014).

PCB emission is strongly related to the CI content of the fuel (Syc et al., 2011)
and to the emission level for PCDD/F (Hedman et al., 2006; Syc et al., 2011;
Pandelova et al., 2009).

The Cl content of straw, bark and manure is higher than for wood (Ville-
neuve et al., 2012). Villeneuve et al. (2012) states the Cl contents 50-60 mg/kg
wood, 100-370 mg/kg bark, 1000-7000 mg/kg straw.

Different references for PCB emissions are not directly comparable because
some PCB emission data are reported for individual PCB congeners, some as
a sum of a specified list of PCB congeners and some PCB emission data are
reported as toxic equivalence (teq) based on toxicity equivalence factors
(TEF) for 12 dioxin-like PCB congeners. The emission measurements report-
ed by Thistlethwaite (2001a and 2001b) show that the emission of non-
dioxin-like PCBs is high compared to the emission of dioxin-like PCBs.
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Furthermore, teq values based on TEF are reported as WHOxs-teq or
WHO199s-teq. This difference is however typically less than 50%!.

Table 3.2.18 shows the emission factors that have been selected for the Dan-
ish PCB emission inventory and reference for each emission factor. All emis-
sion factors are dioxin-like PCBs (but not teq values). PCB emission factors
have been added for all fuels except LPG, refinery gas and natural gas. The
emission from these three fuels is considered negligible.

Table 3.2.18 Emission factors for > dI-PCB, stationary combustion, 2012.

Fuel NFR (SNAP)  Emission factor, Emission factor, Reference
> dI-PCB, PCB,
ng/GJ ng WHO1ggs-
teq/GJ
Coal 1A1 839 3.16 Grochowalski & Konieczynski (2008)
Coal 1A2 5,700 53 Thistlethwaite (2001a)
Coal 1A4 7,403 66 Syc et al. (2011)
Other solid fuels  1A1 839 3.16 Assumed equal to coal.
Other solid fuels 1A2 5,700 53 Assumed equal to coal.
Other solid fuels 1A4 7,403 66 Assumed equal to coal.
Residual oil 1A1, 1A2, 1A4 839 3.2 The teq value refers to Dyke et al. (2003).
The TEQ value is equal to the emission factor for coal
combustion in power plants and the sum of dioxin-like
PCB congeners has been assumed equal to the corre-
sponding factor for coal.
Gas oil 1A1, 1A2, 1A4 93 0.11 Nielsen et al. (2010)
Other liquid fuels” 1A1, 1A2, 1A4 93 0.11 Assumed equal to gas oil.
Gaseous fuels 1A1, 1A2, 1A4 - - Negligible
Waste 1A1, 1A2, 1A4 109 0.28 Nielsen et al. (2010). A time series have been estimat-
(time series) (time series) ed. The emission factor for 1990 (46,000 ng/GJ or 117
ng WHO1998teq/GJ) have been estimated based on
the assumption that the PCB emission factor time series
follow the PCDD/F time series.
Wood 1A1, 1A2, 2,800 21 Thistlethwaite (2001a)
1A4dalc
Wood 1A4b 3,179 23.9 Hedman et al. (2006). A time series have been estimat-
(time series) (time series) ed based on time series for technologies applied in
Denmark.
Straw 1A1, 1A2 3,110 31.2 Assumed equal to residential plants.
Straw 1A4 3,110 31.2 Syc et al. (2011)
Biogas 1A1, 1A2, 1A4 90 0.13 Nielsen et al. (2010)
Producer gas 1A1,1A2, 1A4 144 0.17 Nielsen et al. (2010)

Except LPG and refinery gas.
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The emission factor for waste incineration refers to recent Danish field
measurements. Historical data are not available, but a time series have been
estimated based on the assumption that the dI-PCB emission factor follows
the PCDD/-F emission factor. The estimated emission factor for 1990 is
45,671 ng/GJ or 117 ng WHO-teq/GJ. This emission level is confirmed by
other references (Kakareka & Kukharchyk, 2005; Andrijewski et al., 2004).
The emission factor time series is shown in Table 3.2.19.

11 Data have been compared for a few datasets in which each dioxin-like PCB conge-
ner was specified



For residential wood combustion, technology specific emission factors in
toxicological equivalence are available from Hedman et al. (2006). However,
sums of dioxin-like PCBs are not included in the reference. The emission fac-
tors for dioxin-like PCBs have been estimated based on the data for toxico-
logical equivalence and the sum of dioxin-like PCBs in Thistlethwaite
(2001a). Thus, the teq factors referring to Hedman (2006) have been multi-
plied by 2800/21. This assumption is highly uncertain, but the resulting
emission factors seem to be in agreement with other references for residen-
tial wood combustion. A technology distribution time series for residential
wood combustion in Denmark is available and have been applied for esti-
mating the time series for the aggregated emission factor shown in Table
3.2.19.

Emission factor time series for waste incineration and for residential wood
combustion are shown in Table 3.2.19.

Table 3.2.19 Emission factor time series for waste incineration and for residential wood
combustion

Year Waste incineration Residential wood combustion
>dI-PCB, dI-PCB, >dl-PCB, dI-PCB,
ng/GJ ng WHO-teq/ GJ ng/GJ ng WHO-teq/ GJ
1990 45671 117 5468 411
1991 38063 98 5468 411
1992 30433 78 5468 411
1993 22825 59 5468 411
1994 19773 51 5468 411
1995 16721 43 5468 411
1996 13690 35 5468 411
1997 10638 27 5468 411
1998 7586 19 5468 411
1999 5515 14 5468 411
2000 3423 9 5468 411
2001 3423 9 4894 36.8
2002 3423 9 4657 35.0
2003 3423 9 4589 34.5
2004 1766 4.5 4513 33.9
2005 109 0.28 4298 32.3
2006 109 0.28 4055 30.5
2007 109 0.28 4082 30.7
2008 109 0.28 3836 28.8
2009 109 0.28 3532 26.6
2010 109 0.28 3348 25.2
2011 109 0.28 3179 23.9
2012 109 0.28 3025 22.7

Emission factors for residential wood combustion

For the pollutants NOx, NMVOC, CO, NHs!2, TSP, PMiy, PM»5, PCDD/F,
PCB and PAH emission factors have been based on fuel consumption data
and emission factors for 10 different technologies. Technology categories,
emission factors and implied emission factors for 2012 are shown in Table

12 The revised NH3 emission factors have not been included in this annual reporting.
This is an error that will be corrected in the next emission inventory.
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3.2.20. For other pollutants, time series have not been estimated and the
emission factors are shown in Annex 2A-4.

References and assumptions for each of the emission factors shown in Table
3.2.20 are included in Annex 2A-4.
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Table 3.2.20 Technology specific emission factors for residential wood combustion.

Technology NOy,, NMVOC, CO, NHs, TSP, PMyo, PM,s, PCDD/F, dI-PCB, Benzo Benzo Benzo Indeno
g/GJ g/GJ g/GJ g/GJ g/GJ g/GJ g/GJ ng/GJ ng/GJ (@) (b) (k) (1.2.3-c,d)
pyrene, fluoranthe- fluoranthe- pyrene,
mg/GJ ne, mg/GJ ne, mg/GJ mg/GJ
Old stove 50 1200 8000 70 1000 950 930 800 7049 121 111 42 71
New stove 50 600 4000 70 800 760 740 800 7049 121 111 42 71
Stove according to resent Danish legisla-
tion (2008) 80 350 4000 37 640 608 608 250 931 61 56 21 36
Eco labelled stove/new advanced stove 95 175 1117 37 222 211 206 100 466 10 16 5 4
Other stoves 50 600 4000 70 800 760 740 800 7049 121 111 42 71
Old boilers with hot water storage 80 350 4000 74 1000 950 900 550 7049 121 111 42 71
Old boilers without hot water storage 80 350 4000 74 2000 1900 1800 550 7049 121 111 42 71
New boilers with hot water storage 95 175 1117 37 222 211 206 100 466 10 16 5 4
New boilers without hot water storage 95 350 2234 37 444 422 413 200 931 20 32 10 8
Pellet boilers 50 1200 8000 70 1000 950 930 800 7049 121 111 42 71
IEF residential wood combustion, 2012 74 363 2676 42.8 A77 453 442 371 2997 56464 55827 20502 32029
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Implied emission factors

A considerable part of the emission data for waste incineration plants and
large power plants are plant-specific. Thus, the area source emission factors
do not necessarily represent average values for these plant categories. To at-
tain a set of emission factors that expresses the average emission for power
plants combusting coal and for waste incineration plants, implied emission
factors have been calculated for these two plant categories. The implied
emission factors are presented in Annex 2A-5. The implied emission factors
are calculated as total emission divided by total fuel consumption.

3.2.6 Uncertainty

According to the Good Practice Guidance for LRTAP Emission Inventories
(Pulles & Aardenne, 2004) uncertainty estimates should be estimated

Uncertainty estimates include uncertainty with regard to the total emission
inventory as well as uncertainty with regard to trends.

Methodology
The Danish uncertainty estimates are based on the simple Tier 1 approach.

The uncertainty estimates are based on emission data for the base year and
year 2012 as well as on uncertainties for fuel consumption and emission fac-
tors for each of the main SNAP source categories. For particulate matter,
2000 is considered to be the base year, but for all other pollutants, the base
year is 1990. The applied uncertainties for activity rates and emission factors
are default values referring to Pulles & Aardenne (2004). The uncertainty for
PM is, however, estimated by DCE. The default uncertainties for emission
factors are given in letter codes representing an uncertainty range. It has
been assumed that the uncertainties were in the lower end of the range for
all sources and pollutants. The applied uncertainties for emission factors are
listed in Table 3.2.21. The uncertainty for fuel consumption in stationary
combustion plants is assumed to be 2 %.

Table 3.2.21 Uncertainty rates for emission factors, %.

SNAP SO, NOxNMVOC CO NH; PM HM PAH HCB PCDD/F PCB
source
category
01 10 20 50 20 1000 50 100 100 1000 500 1000
02 20 50 50 50 1000 500 1000 1000 1000 1000 1000
03 10 20 50 20 1000 50 100 100 1000 1000 1000
Results

The uncertainty estimates for stationary combustion emission inventories
are shown in Table 3.2.22. Detailed calculation sheets are provided in Annex
2A-7.

The total emission uncertainty is 7.5 % for SO,, 16 % for NO,, 45 % for
NMVOC and 44 % for CO. For PM, heavy metals, HCB, PCDD/F, PCB and
PAH the uncertainty estimates are larger than 100 %.



Table 3.2.22 Uncertainty estimates, tier 1 approach, 2012.

Pollutant Uncertainty Trend Uncertainty Trend,

Total emission, %  1990-2012, % %-age points
SO, +7.5 -95 +0.3
NOx +16 -72 +2
NMVOC +45 12 +6
(6]0) +44 -5 +3
NH3 +927 180 +283
TSP +467 20 +37
PMyo " +474 21 +34
PMgs " +479 23 +27
As +166 -81 +22
Cd +368 -86 +41
Cr +287 -93 +16
Cu +539 -83 +76
Hg +145 -91 +6
Ni +142 -86 +6
Pb +684 -84 +90
Se +110 -83 %8
Zn +746 =77 +138
HCB +788 -76 +12
PCDD/F +922 -64 +245
Benzo(b)fluoranthene +951 81 +15
Benzo(k)fluoranthene +955 94 +66
Benzo(a)pyrene +986 77 +5
Indeno(1,2,3-c,d)pyrene +993 36 +18
PCB +667 -63 +89

" The base year for PM is year 2000.

3.2.7 Source specific QA/QC and verification

An updated quality manual for the Danish emission inventories has been
published in 2013 (Nielsen et al. 2013). The quality manual describes the
concepts of quality work and definitions of sufficient quality, critical control
points and a list of Point for Measuring (PM). Details about the source spe-
cific QA /QC is included in Annex 2A-11.

Documentation concerning verification of the Danish emission inventories
has been published by Fauser et al. (2013).

A reviewed sector report for stationary combustion will be published in 2014
(Nielsen et al., 2014b). Former editions of the sector report for stationary
combustion (Nielsen et al. 2010) has been reviewed by external experts in
2004, 2006 and 2009.

3.2.8 Source specific improvements and recalculations

For stationary combustion plants, the emission estimates for the years 1990-
2011 have been updated according to the latest energy statistics published
by the Danish Energy Agency. The update included both end use and trans-
formation sectors as well as a source category update. The changes in the
energy statistics are largest for the years 2009, 2010 and 2011.

The emission factors for residential wood combustion have been revised ac-
cording to the EEA Guidebook update (EEA, 2013). This have caused large
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recalculations for residential plants. This also cause the large recalculations
for the total PAH emission from stationary combustion.

The HCB emission inventory have been improved and an emission invento-
ry for dioxin-like PCB have been added.

Recalculations for stationary combustion as a whole are shown in Table
3.2.23.

Table 3.2.23 Recalculations for stationary combustion, emissions reported in 2014 compared to emissions reported in 2013.

1990 1995 2000 2005 2006 2007 2008 2009 2010 2011
Percent
SO, 100.1 100.1 99.7 99.2 99.4 97.9 98.3 98.7 100.7 99.8
NOx 98.7 99.0 99.6 98.7 98.4 97.5 97.1 96.8 96.6 97.0
NMVOC 100.8 101.0 101.2 102.7 103.8 104.7 105.1 105.3 105.9 106.2
CcO 98.6 98.1 97.3 94.7 94.7 93.7 93.3 92.8 92.7 91.9
TSP 103.3 103.3 102.5 102.4 102.3 102.4 102.6 102.4
PMio 103.2 103.1 102.3 102.3 102.3 102.3 102.4 102.2
PM; 5 102.0 101.8 101.3 101.1 101.2 101.1 101.2 101.2
NHs 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.1 100.0 100.0
As 100.3 100.5 100.4 101.3 101.8 101.6 102.0 103.2 104.4 103.8
Cd 100.1 100.3 100.4 100.9 101.5 101.2 101.4 101.8 102.5 102.2
Cr 100.0 100.1 100.3 100.6 101.0 100.6 100.8 101.1 102.5 101.9
Cu 100.1 100.2 100.4 100.8 101.4 101.0 101.2 101.5 102.5 101.8
Hg 100.0 100.0 97.3 89.9 87.2 84.5 85.2 85.8 100.8 100.5
Ni 101.6 102.2 104.0 107.9 108.8 112.7 116.5 123.5 127.5 134.8
Pb 100.0 100.1 100.1 100.1 100.8 100.2 100.3 100.3 101.7 100.7
Se 100.0 100.0 100.1 100.2 100.4 100.2 100.2 100.3 100.9 100.7
Zn 100.3 100.4 100.9 101.6 102.4 101.9 102.3 102.8 103.7 103.1
HCB 182.7 225.7 2791 330.9 394.7 346.3 318.4 314.0 293.5 274.7
PCDD/F 100.2 94.4 102.5 98.1 101.7 100.3 99.8 99.5 99.4 98.4
Benzo(a)pyrene 100.0 100.2 100.0 100.0 100.1 100.0 100.0 99.9 100.2 100.1
Benzo(b)fluoranthene 61.0 58.2 57.1 56.4 57.2 56.0 56.3 56.0 56.7 57.4
Benzo(k)fluoranthene 39.0 37.0 36.8 35.7 36.3 35.6 36.1 36.3 36.3 36.9
Indeno(123cd)pyrene 63.7 61.0 59.9 58.3 59.0 57.8 57.5 56.4 56.5 56.2
PCB New New New New New New New New New New
3.2.9 Source specific planned improvements

A number of improvements are planned for the stationary combustion in-
ventories:

1) Improved documentation for emission factors.

The reporting of, and references for, the applied emission factors will be fur-
ther developed in future inventories.

2) Improved uncertainty estimate.
The current uncertainty estimates are based on SNAP main categories and
default uncertainties. The source categories will be changed to NFR catego-

ries and country specific uncertainty estimates included for some of the
main emission sources.

120



3.2.10 References

Berdowski, J.J.M., Veldt, C., Baas, J., Bloos, J.P.]. & Klein, A.E. 1995: Tech-
nical Paper to the OSPARCOM-HELCOM-UNECE Emission Inventory of
heavy Metals and Persistent Organic Pollutants, TNO-report, TNO-MEP — R
95/247.

CEPMEIP, 2001: The Co-ordinated European Programme on Particulate
Matter Emission Inventories, Projections and Guidance. Available at:
http:/ /www.air.sk/tno/cepmeip/ (2013-01-24).

Christiansen, B.H., Evald, A., Baadsgaard-Jensen, J. & Biilow, K. 1997: Fyring
med biomassebaserede restprodukter, Miljeprojekt nr. 358, 1997, Miljo-
styrelsen.

Danish Energy Agency (DEA) 2013a: The Danish Energy Statistics, Available
at: http://www.ens.dk/info/tal-kort/statistik-nogletal /arlig-energistatistik
(2014-01-27).

Danish Energy Agency (DEA) 2012b: The Danish energy statistics, Ener-
giproducenttellingen 2012. Unpublished.

Danish Energy Agency (DEA) 2012c: Energy statistics for industrial subsec-
tors. Unpublished.

Danish Environmental Protection Agency (DEPA) 1990: Bekendtgerelse om
begreensning af emissioner af svovl-dioxid, kvelstofoxider og stov fra store
fyringsanleeg, Bekendtgerelse 689 af 15/10/1990, (Danish legislation).

Danish Environmental Protection Agency (DEPA) 1998: Bekendtgerelse om
begraensning af svovlindholdet i visse flydende og faste breendstoffer, Be-
kendtgerelse 698 af 22/09/1998 (Danish legislation).

Danish Environmental Protection Agency (DEPA) 2001: Luftvejledningen,
Begreensning af luftforurening fra virksomheder, Vejledning fra Miljestyrel-
sen nr. 2 2001 (Danish legislation).

Danish Environmental Protection Agency (DEPA) 2005: Bekendtgerelse om
begreensning af emission af nitrogenoxider, uforbreendte carbonhydrider og
carbonmonooxid mv. fra motorer og turbiner. Bekendtgerelse 621 af
23/06/2005. Danish legislation. Available at:

https:/ /www.retsinformation.dk/Forms /R0710.aspx?id=12836

(2012-01-24).

Danish Environmental Protection Agency (DEPA) 2012: Annual environ-
mental reports/environmental reporting available on the Danish EPA home
page at:

http: / /www3.mst.dk/Miljoeoplysninger /PrtrPublicering /Index
(2013-01-24).

Danish Environmental Protection Agency (DEPA) 2011: Bekendtgorelse om
anleeg, der forbreender affald. Bekendtgerelse 1356 af 21/12/2011. Danish
legislation. Available at:

https:/ /www.retsinformation.dk/Forms /R0710.aspx?id=139530
(2013-01-24).

121



122

Danish Environmental Protection Agency (DEPA) 2010: Emissioner fra
treefyrede breendeovne/kedler (Emissions from wood fired stoves/boilers).
Danish Environmental Protection Agency, 2010. Available at:

http:/ /www.mst.dk/Publikationer /Publikationer /2011 /04 /978-87-92617-
85-9.htm (2013-01-24).

Danish Gas Technology Centre (DGC) 2001: Naturgas — Energi og milje (In
Danish).

Danish Ministry of Taxation (DMT) 2008: Lov om afgift af kveelstofoxider.
Lov nr 472 af 17/06/2008. Danish legislation. Available at:

https:/ /www.retsinformation.dk /Forms /R0710.aspx?id=120340
(2013-01-24).

Denier van der Gon, H. & Kuenen, ]. 2010: Improvements to metal emission
estimates, 10th Joint TFEIP/EIONET meeting, 11-12 May 2010, Vienna, Aus-
tria.

Energinet.dk, 2012: Energinet.dk homepage. Available at:
http://energinet.dk/DA /GAS/Gasdata-og-kvalitet/Gaskvalitet/Sider/Vis-
gaskvalitet.aspx?Visning=aarsgennemsnit (2013-01-24).

European Environment Agency (EEA), 2013: EMEP/EEA air pollutant emis-
sion inventory guidebook 2013. Available at:

http:/ /www.eea.europa.eu/ /publications /emep-eea-guidebook-2013
(2014-01-27)

European Environment Agency (EEA) 2007: EMEP/CORINAIR Atmospher-
ic Emission Inventory Guidebook — 2007, prepared by the UNECE/EMEP
Task Force on Emissions Inventories and Projections. Technical Report No
16/2007. Available at:

http:/ /www.eea.europa.eu/publications/EMEPCORINAIR5 (2011-02-03).

European Environment Agency (EEA) 2009: EMEP/EEA air pollutant emis-
sion inventory guidebook 2009. Technical guidance to prepare national
emission inventories. EEA Technical Report 9/2009 Available at:

http:/ /www.eea.europa.eu/publications/emep-eea-emission-inventory-
guidebook-2009 (2012-01-27).

Fauser, P., Thomsen, M., Nielsen, O-K., Winther, M., Gyldenkeerne, S,
Hoffmann, L., Lyck, E. & Illerup, J.B. 2007: Verification of the Danish emis-
sion inventory data by national and international data comparisons. Nation-
al Environmental Research Institute, University of Aarhus, Denmark. 53 pp.
— NERI Technical Report no. 627. Available at:

http:/ /www?2.dmu.dk/Pub/FR627 Final.pdf (2013-01-24).

Fauser, P., Nielsen, M., Winther, M., Plejdrup, M., Gyldenkerne, S., Mikkel-
sen, M.H., Albrektsen, R., Hoffmann, L., Thomsen, M., Hjelgaard, K. & Niel-
sen, O.-K. 2013. Verification of the Danish 1990, 2000 and 2010 emission in-
ventory data. Aarhus University, DCE — Danish Centre for Environment and
Energy, 85 pp. Scientific Report from DCE — Danish Centre for Environment
and Energy No. 79. http://dce2.au.dk/pub/SR79.pdf (2014-01-27).

Finstad, A., Haakonsen, G., Kvingedal, E. & Rypdal, K. 2001: Utslipp til luft
av noen miljogifter i Norge, Dokumentasjon av metode og resultater, Stati-
stics Norway Report 2001/17 (In Norwegian).



Gruijthuijsen, L.v. & Jensen, J.K. 2000: Energi- og miljooversigt, Danish Gas
Technology Centre 2000 (In Danish). Available at:

http:/ /www.dgc.dk/publikation /2000/energi-og-miljoeoversigt  (2013-01-
24).

Gruijthuijsen, L. v. 2001: Metaller i naturgas, Malerapport April 2001, Dansk
Gasteknisk Center (in Danish). Available at:
http:/ /www.dgc.dk/sites/default/files/filer /publikationer /R0104_metalle

r_naturgas.pdf (2013-01-24).

Henriksen, T.C., Illerup, J.B. & Nielsen, O.-K. 2006: Dioxin Air Emission In-
ventory 1990-2004. National Environmental Research Institute, Denmark. 90
pp- — NERI Technical report no 602. Available at:

http:/ /www?2.dmu.dk/Pub/FR602.pdf (2013-01-24).

Hlerup, J.B., Geertinger, A., Hoffmann, L. & Christiansen, K. 1999: Emissi-
onsfaktorer for tungmetaller 1990-1996. Danmarks Miljgundersogelser. 66 s.
— Faglig rapport fra DMU nr. 301. (In Danish) Available at:

http:/ /www2.dmu.dk/1 viden/2 Publikationer/3 fagrapporter/rapporter

/£r301.pdf (2013-01-24).

llerup, J.B., Henriksen, T.C., Lundhede, T., Breugel, C.v., Jensen, N.Z. 2007:
Breendeovne og sma kedler — partikelemission og reduktionstiltag. Miljesty-
relsen, Miljeprojekt 1164, 2007. Available at:

http: / /www2.mst.dk/Udgiv /publikationer /2007 /978-87-7052-451-
3/pdf/978-87-7052-452-0.pdf (2013-01-24).

IPCC, 1996: Revised 1996 IPCC Guidelines for National Greenhouse Gas In-
ventories: Reference Manual (Volume 3). Available at: http://www.ipcc-
nggip.iges.or.jp/public/gl/invs6.html (2013-01-24).

Jensen, J. 2001: Danish Gas Technology Centre, Personal communication e-
mail 11-10-2001.

Jensen, L. & Nielsen, P.A., 1990: Emissioner fra halm- og flisfyr, dk-Teknik &
Levnedsmiddelstyrelsen 1990 (In Danish).

Jensen, L. & Nielsen, P.B. 1996: Emissioner fra halm- og flisfyr, Arbejdsrap-
port fra Miljestyrelsen nr. 5 1996, Bilagsrapport (In Danish).

Jeppesen, ].S. 2007: Kebenhavn energi (Copenhagen Energy), Jorgen Steen
Jeppesen, personal communication.

Kebenhavns Energi (KE) 2013: Kebenhavns energi (Copenhagen Energy)
fact sheet on town gas. Available at:
http:/ /www.ke.dk/portal /pls/portal /docs /346012.PDF (2013-01-22).

Kristensen, P.G. 2007: Danish Gas Technology Centre, Per Gravers Kristen-
sen, personal communication.

Livbjerg, H. Thellefsen, M. Sander, B. Simonsen, P., Lund, C., Poulsen, K. &
Fogh, C.L. 2001: Feltstudier af Forbreendingsaerosoler, EFP -98 Projekt, Ae-
rosollaboratoriet DTU, FLS Milje, Forskningscenter Risg, Elsam, Energi E2
(in Danish).

123



124

Nielsen, M. & Illerup, J.B., 2003: Emissionsfaktorer og emissionsopgerelse
for decentral kraftvarme. Eltra PSO projekt 3141. Kortleegning af emissioner
fra decentrale kraftvarmevaerker. Delrapport 6. Danmarks Miljsundersogel-
ser. 116 s. — Faglig rapport fra DMU nr. 442. (In Danish, with an English
summary). Available at:

http:/ /www2.dmu.dk/1 viden/2 Publikationer/3 fagrapporter/rapporter
/FR442 pdf (2013-01-24).

Nielsen, M. Winther, M., Illerup, J.B. & Mikkelsen, M.H. 2003: Danish emis-
sion inventory for particulate matter (PM). National Environmental Re-
search Institute, Denmark. 126 p. — Research Notes from NERI No. 189.
Available at:

http:/ /www2.dmu.dk/1 viden/2 Publikationer/3 arbrapporter/rapporter

/AR189.pdf (2013-01-24).

Nielsen, M., Nielsen, O.-K., Plejdrup, M. & Hjelgaard, K. 2010: Danish Emis-
sion Inventories for Stationary Combustion Plants. Inventories until 2008.
National Environmental Research Institute, Aarhus University, Denmark.
236 pp. — NERI Technical Report No. 795. Available at:

http:/ /www.dmu.dk/Pub /FR795.pdf (2013-01-24).

Nielsen, M., Nielsen, O.-K., Plejdrup, M. 2014: Danish Emission Inventories
for Stationary Combustion Plants. Inventories until 2011. Will be published
in 2014.

Nielsen, M., Nielsen, O.-K. & Thomsen, M. 2010: Emissions from decentral-
ised CHP plants 2007 - Energinet.dk Environmental project no. 07/1882. Pro-
ject report 5 — Emission factors and emission inventory for decentralised
CHP production. National Environmental Research Institute, Aarhus Uni-
versity. 113 pp. — NERI Technical report No. 786. Available at:

http:/ /www.dmu.dk /Pub /FR786.pdf

Hessberg, C.v. & Justesen, S.S. 2013. Danish Environmental Protection
Agency (DEPA) Forudseetninger for fremskrivning af emissioner fra breen-
deovne (In Danish). Miljeteknologi, J.nr. MST-5261-00007, Ref. stjus, Den 5.
november 2013 . (Related to e-mail correspondance 2011-04-28 and 2013-11-
05).

Nielsen, O.-K., Plejdrup, M.S., Winther, M., Gyldenkeerne, S., Thomsen, M.,
Fauser, P., Nielsen, M. Mikkelsen, M.H., Albrektsen, R., Hjelgaard, K,
Hoffmann, L. & Bruun, H.G. 2012: Quality manual for the Danish green-
house gas inventory. Version 2. Aarhus University, DCE — Danish Centre for
Environment and Energy, 44 pp. Scientific Report from DCE — Danish Cen-
tre for Environment and Energy No. 47. Available at:

http:/ /www.dmu.dk/Pub /SR47.pdf (2013-01-24).

Nielsen, M., Nielsen, O.-K. & Hoffmann, L. 2013. Improved inventory for
heavy metal emissions from stationary combustion plants. 1990-2009. Aar-
hus University, DCE — Danish Centre for Environment and Energy, 111 pp.
Scientific Report from DCE — Danish Centre for Environment and Energy
No. 68. http:/ /www.dce2.dk/pub/SR68.pdf

Nikolaisen, L., Nielsen, C., Larsen, M.G., Nielsen, V. Zielke, U., Kristensen,
J.K. & Holm-Christensen, B. 1998: Halm til energiformal, Teknik — Milje —
QWkonomi, 2. udgave, 1998, Videncenter for halm og flisfyring (In Danish).



Petterson, E., Boman, C., Westerholm, R., Bostrom, D., Nordin, A. 2011:
Stove Performance and Emission Characteristics in Residential Wood Log
and Pellet Combustion, Part 2: Wood Stove. Energy Fuels 2011, 25, 315-323.
Available at: http:/ /pubs.acs.org/doi/pdfplus/10.1021/ef1007787 (2013-01-
24).

Plejdrup, M.S., Nielsen, O.-K. & Nielsen, M. 2009: Emission Inventory for
Fugitive Emissions in Denmark. National Environmental Research Institute,
Aarhus University, Denmark. 47 pp. — NERI Technical Report no. 739.
Available at: http://www.dmu.dk/pub /FR739.pdf (2013-01-24).

Pulles, T. & Aardenne, J.v. 2004: Good Practice Guidance for LRTAP Emis-
sion Inventories, 24. Juni 2004. Available at:

http:/ /www.eea.europa.eu/publications/ EMEPCORINAIR5 /BGPG.pdf
(2013-01-24).

Serup, H., Falster, H., Gamborg, C., Gundersen, P., Hansen, L. Heding, N.,
Jacobsen, H.H., Kofman, P., Nikolaisen, L. & Thomsen, .M. 1999: Tree til
energiformdl, Teknik — Miljg — Jkonomi, 2. udgave, 1999, Videncenter for
halm og flisfyring (In Danish).

Sternhufvud, C., Karvosenoja, N., Illerup, J., Kindbom, K., Liikewille, A., Jo-
hansson, M. & Jensen, D. 2004: Particulate matter emissions and abatement
options in residential wood burning in the Nordic countries.

Wit, J. d & Andersen, S. D. 2003: Emission fra sterre gasfyrede kedler, Dansk
Gasteknisk Center, 2003. Available at:

http:/ /www.dgc.dk/publikation /2003 /emission-fra-stoerre-gasfyrede-
kedler (2013-01-24).

125



3.3 Transport and other mobile sources (NFR sector 1A2,
1A3, 1A4 and 1A5)

The emission inventory basis for mobile sources is fuel consumption infor-
mation from the Danish energy statistics. In addition, background data for
road transport (fleet and mileage), air traffic (aircraft type, flight numbers,
origin and destination airports), national sea transport (fuel surveys, ferry
technical data, number of return trips, sailing time) and non-road machinery
(engine no., engine size, load factor and annual working hours) are used to
make the emission estimates sufficiently detailed. Emission data mainly
comes from the EMEP/EEA Air Pollutant Emission Inventory Guidebook
(EMEP/EEA, 2013). However, for railways, measurements specific to Den-
mark are used.

In the Danish emission database, all activity rates and emissions are defined
in SNAP sector categories (Selected Nomenclature for Air Pollution), accord-
ing to the CollectER system. The emission inventories are prepared from a
complete emission database based on the SNAP sectors. The aggregation to
the sector codes used for both the UNFCCC and UNECE Conventions is
based on a correspondence list between SNAP and CFR/NFR classification
codes shown in Table 3.3.1 below (mobile sources only).

Table 3.3.1 SNAP — CRF/NFR correspondence table for transport.

SNAP classification

CREF classification NFR classification

07 Road transport

0801 Military

0802 Railways

0803 Inland waterways
080402 National sea traffic
080403 National fishing

080404 International sea traffic

1A3b Transport-Road 1A3bi Road transport: Passenger cars
1A3bii Road transport:Light duty vehicles
1A3biii Road transport:Heavy duty vehicles
1A3biv Road transport: Mopeds & motorcycles

1A5 Other 1A5b Other, Mobile (military)

1A3c Railways 1A3c Railways

1A3d Transport-Navigation 1A3dii National navigation (Shipping)

1A3d Transport-Navigation 1A3dii National navigation (Shipping)

1A4c Agriculture/forestry/fisheries f1|sAr:1r|?1lgl;l Agriculture/Forestry/Fishing: National
1A3d Transport-Navigation 1A3di International navigation (Shipping)

(international)

080501 Dom. airport traffic (LTO < 1000 m) 1A3a Transport-Civil aviation 1A3aii Civil aviation (Domestic,LTO
080502 Int. airport traffic (LTO < 1000 m) 1A3a Transport-Civil aviation

(international) 1A3ai Civil aviation (International, LTO)
080503 Dom. cruise traffic (> 1000 m) 1A3a Transport-Civil aviation 1A3aii (i) Civil aviation (Domestic,Cruise)
080504 Int. cruise traffic (> 1000 m) 1A3a Transport-Civil aviation 1A3ai (ii) Civil aviation (International, Cruise)

0806 Agriculture

0807 Forestry

0808 Industry

0809 Household and gardening

0811 Commercial and institutional

(international)

1A4c Agriculture/forestry/fisheries 1A4cii Agriculture/Forestry/Fishing: Off-road
agriculture/forestry

1A4c Agriculture/forestry/fisheries 1A4cii Agriculture/Forestry/Fishing: Off-road
agriculture/forestry

1A2f Industry-Other 1A2f Manufacturing industries/Construction
(mobile)

1A4b Residential 1A4bii Residential: Household and gardening
(mobile)

1A4a Commercial and institutional 1A4aii Commercial/Institutional: Mobile
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Military transport activities (land and air) refer to the CRF/NFR sector Oth-
er (1A5), while the Transport-Navigation sector (1A3d) comprises national
sea transport (SNAP code 080402, ship movements between two Danish
ports) and recreational craft (SNAP code 0803).



For aviation, Landing and Take Off ((LTO)! refers to the part of flying,
which is below 1000 m. This part of the aviation emissions (SNAP codes
080501 and 080502) are included in the national emissions total as prescribed
by the UNECE reporting rules. According to UNFCCC the national emis-
sions for aviation comprise the emissions from domestic LTO (0805010) and
domestic cruise (080503). The fuel consumption and emission development
for aviation explained in the following are based on UNFCCC categoriza-
tion, in order to be consistent with the Danish NIR report.

Agricultural and forestry non-road machinery (SNAP codes 0806 and 0807)
is accounted for in the Agriculture/forestry/fisheries (1A4c) sector together
with fishing activities (SNAP code 080403).

For mobile sources, internal database models for road transport, air traffic,
sea transport and non-road machinery have been set up at DCE, Aarhus
University, in order to produce the emission inventories. The output results
from the DCE models are calculated in a SNAP format, as activity rates (fuel
consumption) and emission factors, which are then exported directly to the
central Danish CollectER database.

Apart from national inventories, the DCE models are used also as a calcula-
tion tool in research projects, environmental impact assessment studies, and
to produce basic emission information which requires various aggregation
levels.

3.3.1 Source category description

The following description of source categories explains the development in
fuel consumption and emissions for road transport and other mobile
sources.

Fuel consumption
Table 3.3.2 Fuel consumption (PJ) for domestic transport in 2012 in NFR sectors.

NFR ID Fuel consumption (PJ)
Industry-Other (1A2f) 13,9
Civil Aviation (1A3a) 1,8
Road (1A3b) 160,9
Railways (1A3c) 3,4
Navigation (1A3d) 6,6
Comm./Inst. (1A4a) 2,3
Residential (1A4b) 0,9
Agri./for./fish. (1A4c) 24,9
Military (1A5) 1,6
Total 216.4

Table 3.3.2 shows the fuel consumption for domestic transport based on
DEA statistics for 2012 in NFR sectors. The fuel consumption figures in time
series 1985-2012 are given in Annex 2.B.16 (NFR format) and are shown for
2012 in Annex 2.B.15 (CollectER format). Road transport has a major share of
the fuel consumption for domestic transport. In 2012 this sector’s fuel con-
sumption share is 74 %, while the fuel consumption shares for Agricul-

1 A LTO cycle consists of the flying modes approach/descent, taxiing, take off and
climb out. In principle the actual times-in-modes rely on the actual traffic circum-
stances, the airport configuration, and the aircraft type in question.
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ture/forestry /fisheries and Industry-Other are 11 and 6 %, respectively. For
the remaining sectors the total fuel consumption share is 9 %.
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Figure 3.3.1 Fuel consumption per fuel type for domestic transport 1985-2012.

Residual Kerosene AvGas LPG  Bio
0% 0% ethanol pijodiesel

Gasoline
28%

Figure 3.3.2 Fuel consumption share pr fuel type for domestic transport in 2012.

From 1985 to 2012, diesel (sum of diesel and biodiesel) and gasoline (sum of
gasoline and E5) fuel consumption has changed by 59 % and - 7 %, respec-
tively (Figure 3.3.1), and in 2012 the fuel consumption shares for diesel and
gasoline were 66 % and 28 %, respectively (not shown). Other fuels only
have a 6 % share of the domestic transport total (Figure 3.3.2). Almost all
gasoline is used in road transportation vehicles. Gardening machinery and
recreational craft are merely small consumers. Regarding diesel, there is
considerable fuel consumption in most of the domestic transport categories,
whereas a more limited use of residual oil and jet fuel is being used in the
navigation sector and by aviation (civil and military flights), respectively?.

Road transport

As shown in Figure 3.3.3, the fuel consumption for road transport® has gen-
erally increased until 2007, except from a small fuel consumption decline
noted in 2000. The impact of the global financial crisis on fuel consumption
for road transport becomes visible for 2008 and 2009. The fuel consumption
development is due to a decreasing trend in the use of gasoline fuels from
1999 onwards combined with a steady growth in the use of diesel until 2007.
Within sub-sectors, passenger cars represent the most fuel-consuming vehi-

2 Biofuels are sold at gas filling stations and are assumed to be used by road transport
vehicles.

3 The sum share of bioethanol and biodiesel in the gasoline and diesel fuel blends for
road transport is 5.3 %, in 2012.



cle category, followed by heavy-duty vehicles, light duty vehicles and 2-
wheelers, in decreasing order (Figure 3.3.4).
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Figure 3.3.3 Fuel consumption pr fuel type and as totals for road transport 1985-2012.
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Figure 3.3.4 Total fuel consumption pr vehicle type for road transport 1985-2012.

As shown in Figure 3.3.5 fuel consumption for gasoline passenger cars dom-
inates the overall gasoline consumption trend. The development in diesel
fuel consumption in recent years (Figure 3.3.6) is characterised by increasing
fuel consumption for diesel passenger cars, while declines in the fuel con-
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sumption for trucks and buses (heavy-duty vehicles) and light duty vehicles
are noted for 2008- 2009, 2012, and 2008-2012, respectively.
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Figure 3.3.5 Gasoline fuel consumption pr vehicle type for road transport 1985-2012.
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Figure 3.3.6 Diesel fuel consumption pr vehicle type for road transport 1985-2012.

In 2012, fuel consumption shares for gasoline passenger cars, heavy-duty
vehicles, diesel passenger cars, diesel light duty vehicles and gasoline light
duty vehicles were 34, 26, 25, 14 and 1 %, respectively (Figure 3.3.7).
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Figure 3.3.7 Fuel consumption share (PJ) pr vehicle type for road transport in 2012.



Other mobile sources

It must be noted that the fuel consumption figures behind the Danish inven-
tory for mobile equipment in the agriculture, forestry, industry, household
and gardening (residential), and inland waterways (part of navigation) sec-
tors, are less certain than for other mobile sectors. For these types of machin-
ery, the DEA statistical figures do not directly provide fuel consumption in-
formation, and fuel consumption totals are subsequently estimated from ac-
tivity data and fuel consumption factors. For recreational craft the latest his-
torical year is 2004.

As seen in Figure 3.3.8, classified according to CRF the most important sec-
tors are Agriculture/forestry/fisheries (1A4c), Industry-other (mobile ma-
chinery part of 1A2f) and Navigation (1A3d). Minor fuel consuming sectors
are Civil Aviation (1A3a), Railways (1A3c), Other (military mobile fuel con-
sumption: 1A5), Commercial/institutional (1A4a) and Residential (1A4b).

The 1985-2012 time series are shown pr fuel type in Figures 3.3.9-3.3.12 for
diesel, gasoline and jet fuel, respectively.
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Figure 3.3.8 Total fuel consumption in CRF sectors for other mobile sources 1985-2012.
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Figure 3.3.9 Diesel fuel consumption in CRF sectors for other mobile sources 1985-
2012.
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Figure 3.3.10 Gasoline fuel consumption in CRF sectors for other mobile source
1985-2012.
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Figure 3.3.11 Residual oil fuel consumption in CRF sectors for other mobile sources
1985-2012.
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Figure 3.3.12 Jet fuel consumption in CRF sectors for other mobile sources 1985-2012.

In terms of diesel, the fuel consumption decreases for agricultural machines
until 2000, due to fewer numbers of tractors and harvesters. After that, the
increase in the engine sizes of new sold machines has more than outbalanced
the trend towards smaller total stock numbers. The fuel consumption for in-



dustry has increased from the beginning of the 1990’s, due to an increase in
the activities for construction machinery. The fuel consumption increase has
been very pronounced in 2005-2008, for 2009; however, the global financial
crisis has a significant impact on the building and construction activities. For
fisheries, the development in fuel consumption reflects the activities in this
sector.

The Navigation sector comprises national sea transport (fuel consumption
between two Danish ports including sea travel directly between Denmark
and Greenland /Faroe Islands) and recreational craft. For the latter category,
fuel consumption has increased significantly from 1990 to 2004 due to the
rising number diesel-fuelled private boats. For national sea transport, the
diesel fuel consumption curve reflects the combination of traffic and ferries
in use for regional ferries. From 1998 to 2000, a significant decline in fuel
consumption is apparent. The most important explanation here is the closing
of ferry service routes in connection with the opening of the Great Belt
Bridge in 1997. The fuel consumption decreases in 2011 and 2012 are due to
reductions in the number of round trips made by regional ferries. For rail-
ways, the gradual shift towards electrification explains the lowering trend in
diesel fuel consumption and the emissions for this transport sector. The fuel
consumed (and associated emissions) to produce electricity is accounted for
in the stationary combustion part of the Danish inventories.

The largest gasoline fuel consumption is found for household and gardening
machinery in the Commercial/Institutional (1A4a) and Residential (1A4b)
sectors. Especially from 2001-2006, a significant fuel consumption increase is
apparent due to considerable growth in the machinery stock. The decline in
gasoline fuel consumption for Agriculture/forestry/fisheries (1A4c) is due
to the gradual phasing out of gasoline-fuelled agricultural tractors.

In terms of residual oil there has been a substantial decrease in the fuel con-
sumption for regional ferries. The fuel consumption decline is most signifi-
cant from 1990-1992 and from 1997-1999.

The considerable variations from one year to another in military jet fuel con-
sumption are due to planning and budgetary reasons, and the passing de-
mand for flying activities. Consequently, for some years, a certain amount of
jet fuel stock-building might disturb the real picture of aircraft fuel con-
sumption. Civil aviation has decreased until 2004, since the opening of the
Great Belt Bridge in 1997, both in terms of number of flights and total jet fuel
consumption. After 2004 an increase in the consumption of jet fuel is noted
until 2007/2008.

Bunkers

The residual oil and diesel oil fuel consumption fluctuations reflect the
quantity of fuel sold in Denmark to international ferries, international war-
ships, other ships with foreign destinations, transport to Greenland and the
Faroe Islands, tank vessels and foreign fishing boats. For jet petrol, the sud-
den fuel consumption drop in 2002 is explained by the recession in the air
traffic sector due to the events of September 11, 2001 and structural changes
in the aviation business. In 2009, the impact of the global financial crisis on
flying activities becomes very visible.
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Figure 3.3.13 Bunker fuel consumption 1985-2012.

Emissions of SO,, NOx, NMVOC, CO, NH3, TSP, PM;q and PM,5

In Table 3.3.3 the SO,, NOx, NMVOC, CO NHj;, TSP, PM1p and PM,5 emis-
sions for road transport and other mobile sources are shown for 2012 in NFR
sectors. For particulate matter (PM; TSP, PMio and PM.5), only the exhaust
emission contributions are included in Table 3.3.3. Non-exhaust TSP, PMig
and PM»s emissions are treated in a separate section below. The emission
figures in the time series 1985-2012 are given in Annex 2.B.16 (NFR format)
and are shown for 2012 in Annex 2.B.15 (CollectER format).

From 1985 to 2012, the road transport emissions of SO, NOx, NMVOC, CO
and PM (all size fractions) have decreased by 99, 53, 86, 83 and 70 %, respec-
tively (Figures 3.3.14-3.3.18), whereas the NH3 emissions have increased by
2220 % during the same time period (Figure 3.3.19).

For other mobile sources, the emission changes for SO,, NOx, NMVOC, CO
and PM (all size fractions) are -83, -27, -33, +11 and -64 %, respectively (Fig-
ures 3.3.21-3.3.25). The NH; emissions have increased by 34 % during the
same time period (Figure 3.3.26).

Table 3.3.3 Emissions of SO,, NOx, NMVOC, CO NHs, TSP, PMio and PM, 5 in 2012 for
road transport and other mobile sources.

NFR ID SO, NOx NMVOC CO NHz TSP PMiy; PMss

tonnes tonnes tonnes tonnes tonnes tonnes tonnes tonnes
Industry-Other (1A2f) 6 7597 1076 6239 2 617 617 617
Civil Aviation (1A3a) 42 579 98 607 0 3 3 3
Railways (1A3c) 2 2531 190 425 1 82 82 82
Navigation (1A3d) 1334 8692 749 5030 0 268 266 265
Comm./Inst. (1A4a) 1 219 3636 72587 0 67 67 67
Residential (1A4b) 0 92 1953 26236 0 15 15 15
Ag./for.ffish. (1A4c) 311 18163 2137 19246 4 858 856 856
Military (1A5) 17 492 33 270 0 11 11 11
Total other mobile 1713 38366 9873 130639 8 1920 1917 1915
Road (1A3b) 71 44316 10439 96022 1456 1311 1311 1 311
Total mobile 1784 82682 20312 226661 1464 5702 4794 4087
Road transport

The step-wise lowering of the sulphur content in diesel fuel has given rise to
a substantial decrease in the road transport emissions of SO (Figure 3.3.14).
In 1999, the sulphur content was reduced from 500 ppm to 50 ppm (reaching
gasoline levels), and for both gasoline and diesel the sulphur content was



reduced to 10 ppm in 2005. Since Danish diesel and gasoline fuels have the
same sulphur percentages, at present, the 2012 shares for SO, emissions and
fuel consumption for passenger cars, heavy-duty vehicles, light-duty vehi-
cles and 2-wheelers are the same in each case: 60, 25, 15 and 0 %, respectively
(Figure 3.3.20).
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Figure 3.3.14 SO, emissions (tonnes) pr vehicle type for road transport 1985-2012.

Historically, the emission totals of NMVOC and CO have been very domi-
nated by the contributions coming from private cars, as shown in Figures
3.3.16- 3.3.17. However, the NMVOC and CO (and NOy) emissions from this
vehicle type have shown a steady decreasing tendency since the introduc-
tion of private catalyst cars in 1990 (EURO I) and the introduction of even
more emission-efficient EURO 1I, III, IV and V private cars (introduced in
1997, 2001, 2006 and 2011, respectively).

In the case of NO, the real traffic emissions for heavy duty vehicles do not
follow the reductions as intended by the EU emission legislation. This is due
to the so-called engine cycle-beating effect. Outside the legislative test cycle
stationary measurement points, the electronic engine control for heavy duty
Euro II and III engines switches to a fuel efficient engine running mode, thus
leading to increasing NOy emissions (Figure 3.3.15). However, the reduction
in transport activities due to the global financial crisis causes the NOx emis-
sions for heavy duty vehicles to decrease significantly in 2008 and 2009.

Exhaust particulate emissions from road transportation vehicles are well be-
low PMy5. The emissions from light- and heavy-duty vehicles have signifi-
cantly decreased since the mid-1990s due to gradually stricter EURO emis-
sion standards. In recent years until 2008 the environmental benefit of intro-
ducing diesel private cars with lower particulate emissions since 1990 has
been more than outbalanced by an increase in sales of new vehicles. After
2008 the PM emissions gradually become lower due to the increasing num-
ber of Euro V cars equipped with particulate filter sold in Denmark from
2006 onwards (Figure 3.3.18).

An undesirable environmental side effect of the introduction of catalyst cars
is the increase in the emissions of NH; from the first two generations of cata-
lyst cars (Euro I and II) compared to conventional cars. The emission factors
for later catalytic converter technologies are considerably lower than the
ones for Euro I and II, thus causing the emissions to decrease from 2001 on-
wards (Figure 3.3.19).
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The 2012 emission shares for heavy-duty vehicles, passenger cars, light-duty
vehicles and 2-wheelers for NOy (41, 44, 15 and 0 %), NMVOC (4, 62, 7 and
13 %), CO (6, 80, 6 and 8 %), PM (21, 45, 32 and 2 %) and NH3 (1, 97, 2 and 0
%), are also shown in Figure 3.3.20.
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Figure 3.3.15 NOx emissions (tonnes) pr vehicle type for road transport 1985-2012.

50000
45000
40000
35000
30000
25000
20000
15000
10000 H’Hs&‘
5000
o I - N A

19851987198919911993199519971999200120032005200720092011

Tonnes

== Heavy duty vehicles == Light duty vehicles

== Passenger cars =>¢=2-wheelers
Figure 3.3.16  NMVOC emissions (tonnes) pr vehicle type for road transport 1985-
2012.
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Figure 3.3.17 CO emissions (tonnes) pr vehicle type for road transport 1985-2012.
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Figure 3.3.18 PM emissions (tonnes) pr vehicle type for road transport 1985-2012.
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Figure 3.3.19 NHj3 emissions (tonnes) pr vehicle type for road transport 1985-2012.
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Figure 3.3.20 SO,, NOx, NMVOC, CO, NHs; and PM emission shares pr vehicle type

for road transport in 2012.

Other mobile sources

For SO, the trends in the Navigation (1A3d) emissions shown in Figure
3.3.21 mainly follow the development of the heavy fuel oil consumption
(Figure 3.3.11). Though, from 1993 to 1995 relatively higher contents of sul-
phur in the fuel (estimated from sales) cause a significant increase in the
emissions of SO,. The SO, emissions for Fisheries (1A4c) correspond with
the development in the consumption of marine gas oil. The main explana-
tion for the development of the SO, emission curves for Railways (1A3c) and
non-road machinery in Agriculture/forestry (1A4c) and Industry (1A2f), are
the stepwise sulphur content reductions for diesel used by machinery in

these sectors.
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Figure 3.3.21 SO, emissions (ktonnes) in NFR sectors for other mobile sources 1985-

2012.



In general, the emissions of NOx, NMVOC and CO from diesel-fuelled
working equipment and machinery in agriculture, forestry and industry
have decreased slightly since the end of the 1990s due to gradually strength-
ened emission standards given by the EU emission legislation directives. For
industry, the emission impact from the global financial crisis becomes very
visible for 2009.

NOx emissions mainly come from diesel machinery, and the most important
sources are Agriculture/forestry/fisheries (1A4c), Navigation (1A3d), In-
dustry (1A2f) and Railways (1A3c), as shown in Figure 3.3.22. The 2012
emission shares are 48, 23, 20 and 7 %, respectively (Figure 3.3.27). Minor
emissions come from the sectors, Civil Aviation (1A3a), Military (1A5) and
Residential (1A4b).

The NOx emission trend for Navigation, Fisheries and Agriculture is deter-
mined by fuel consumption fluctuations for these sectors, and the develop-
ment of emission factors. For ship engines the emission factors tend to in-
crease for new engines until mid-1990s. After that, the emission factors
gradually reduce until 2000, bringing them to a level comparable with the
emission limits for new engines in this year. For agricultural machines, there
have been somewhat higher NOx emission factors for 1991-stage I machin-
ery, and an improved emission performance for stage I and II machinery
since the late 1990s.

The emission development from 1985 to 2008 for industry NOx is the prod-
uct of a fuel consumption increase, most pronounced from 2005-2008, and a
development in emission factors as explained for agricultural machinery.
For railways, the gradual shift towards electrification explains the declining
trend in diesel fuel consumption and NOx emissions for this transport sector
until 2001.
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Figure 3.3.22 NOx emissions (tonnes) in NFR sectors for other mobile sources 1985-
2012.

The 1985-2012 time series of NMVOC and CO emissions are shown in Fig-
ures 3.3.23 and 3.3.24 for other mobile sources. The 2012 sector emission
shares are shown in Figure 3.3.27. For NMVOC, the most important sectors
are Commercial/Institutional (1A4a), Agriculture/forestry/fisheries (1A4c),
Residential (1A4b), Industry (1A2f) and Navigation (1A3d) with 2012 emis-
sion shares of 37, 22, 20, 11 and 7 %, respectively. The same five sectors also
contribute with most of the CO emissions. For Commercial/Institutional
(1A4a), Residential (1A4b), Agriculture/forestry/fisheries (1A4c), Industry
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(1A2f) and Navigation (1A3d) the emission shares are 56, 20, 15, 5 and 4 %,
respectively. Minor NMVOC and CO emissions come from Railways (1A3c),
Civil Aviation (1A3a) and Military (1A5).

For NMVOC and CO, the significant emission increases for the commer-
cial/institutional and residential sectors after 2000 are due to the increased
number of gasoline working machines. Improved NMVOC emission factors
for diesel machinery in agriculture and gasoline equipment in forestry
(chain saws) are the most important explanations for the NMVOC emission
decline in the Agriculture/forestry/fisheries sector. This explanation also
applies for the industrial sector, which is dominated by diesel-fuelled ma-
chinery. From 1997 onwards, the NMVOC emissions from Navigation de-
crease due to the gradually phase-out of the 2-stroke engine technology for
recreational craft. The main reason for the significant 1985-2006 CO emission
decrease for Agriculture/forestry-/fisheries is the phasing out of gasoline
tractors.

As shown in Figure 3.3.27, for other mobile sources the largest TSP contribu-
tors in 2011 are Agriculture/forestry/fisheries (1