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,%DFNJURXQGLQIRUPDWLRQRQHPLVVLRQLQYHQWRULHV


$QQXDOUHSRUW


This report is Denmark’s Annual Emissions Inventory Report due 
 May 2006 to the UNECE-Convention on Long-Range Transboundary 
 Air Pollution (LRTAP). The report contains information on Den-
 mark’s inventories for all years from the base years of the protocols 
 to 2004. 


The gases reported under the LRTAP Convention are SO2, NOX, 
 NMVOC, CO, NH3, As, Cd, Cr, Cu, Hg, Ni, Pb, Se, Zn, diox-
 ins/furans, PAHs, TSP, PM2.5 and PM10. 


The annual emission inventory for Denmark is reported in the No-
 menclature for Reporting (NFR) format as requested in the reporting 
 guidelines. The complete set of NFR files are provided in the report. 


The issues addressed in this report are: trends in emissions, descrip-
 tion of each NFR category, uncertainty estimates, recalculations, 
 planned improvements and procedures for quality assurance and 
 control. The structure of the report is, as far as possible, the same as 
 the National Inventory Report to UNFCCC. 


This report and the NFR tables are available to the public on the Na-
 tional Environmental Research Institute’s homepage 


(http://www.dmu.dk/1_Viden/2_Miljoe-
 tilstand/3_luft/4_adaei/default_en.asp). 


5HVSRQVLEOHLQVWLWXWH


The National Environmental Research Institute (NERI), under the 
 Danish Ministry of Environment, is responsible for the annual 
 preparation and submission to the UNECE-LRTAP Convention of 
 the Annual Danish Emissions Report and the inventories in the NFR 
 format in accordance with the guidelines. NERI participates in meet-
 ings under the UNECE Task Force on Emission Inventories and Pro-
 jections and the related expert panels, where parties to the conven-
 tion prepare the guidelines and methodologies on inventories. 



,,7UHQGVLQHPLVVLRQV


$FLGLI\LQJJDVHV


Figure S.1 shows the emission of Danish acidifying gases in terms of 
acid equivalents. In 1990, the relative  contribution  in  acid  equiva-
lents was almost equal for the three gases. In 2004, the most impor-
tant acidification factor in Denmark was ammonia nitrogen and the 



(8)relative contributions for SO2, NOX and NH3 were 7 %, 38 % and 55 


%, respectively. However, regarding long-range transport of air pol-
 lution, SO2 and NOX are still the most important pollutants. 


)LJXUH6   Emissions of NH3, NOX and SO2 in acid equivalents. 
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The main part of the SO2 emission originates from combustion of 
 fossil fuels, i.e. mainly coal and oil, in public power and district 
 heating plants. From 1980 to 2004, the total emission decreased by 
 95%. The large reduction is mainly due to installation of desul-
 phurisation plant and use of fuels with lower content of sulphur in 
 public power and district heating plants. Despite the large reduc-
 tion in SO2 emissions, these plants make up 42% of the total emis-
 sion. Also, emissions from industrial combustion plants, non-
 industrial combustion plants and other mobile sources are impor-
 tant. National sea traffic (navigation and fishing) contributes with 
 around 11% of the total SO2 emission. This is due to the use of re-
 sidual oil with high sulphur content. 


12;


The largest source of emissions of NOX is other mobile sources fol-
 lowed by road transport and combustion in energy industries 
 (mainly public power and district heating plants). The transport 
 sector was the sector contributing the most to the emission of NOX


and, in 2004, 39% of the Danish NOX emission stemmed 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, natural gas and 
 wood in residential plants. Emissions from public power plants 
 and district heating plants decreased by 57% from 1985 to 2004. In 
 the same period, the total emission decreased by 38%. The reduc-
 tion is due to the increasing use of catalyst cars and installation of 
 low-NOX burners and de-nitrifying units in power and district 
 heating plants. 


1+


Almost all atmospheric emissions of NH3 result from agricultural 
 activities. Only a minor part originates from road transport. This 
 part is, however, increasing due to increasing use of catalyst cars. 
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(9)The major part of the emission from agriculture stems from live-
 stock manure (78%) and the largest losses of ammonia occur dur-
 ing the handling of the manure in stables and in field application. 


Other contributions come from crops (15%), use of mineral fertilis-
 ers (6%), sewage sludge used as fertiliser and ammonia used for 
 treatment of straw (less than 1%). The total ammonia emission de-
 creased by 32% from 1985 to 2004. This is due to the active national 
 environmental policy efforts of the past twenty years. 


2WKHUDLUSROOXWDQWV
 1092&


The emissions of NMVOC originate from many different sources 
 and can be divided into two main groups: incomplete combustion 
 and evaporation. The main sources of NMVOC emissions from in-
 complete combustion processes are road vehicles and other mobile 
 sources such as national navigation vessels and off-road machin-
 ery. Road transportation vehicles are still the main contributors, 
 even though the emissions from this source have declined since 
 the introduction of catalyst cars in 1990. Evaporative emissions 
 mainly originate from the use of solvents. Emissions from the en-
 ergy industries have increased during the nineties because of in-
 creasing use of stationary gas engines, which have much higher 
 emissions of NMVOC than conventional boilers. Total anthropo-
 genic emissions decreased by 35% from 1985 to 2004, mainly due 
 to the increasing use of catalyst cars and reduced emissions from 
 use of solvents. 


&2


Transport accounts for the dominant share of the total CO emis-
 sion. Also, other mobile sources and non-industrial combustion 
 plants contribute significantly to the total emission of this pollut-
 ant. The drop in emissions seen in 1990 was a consequence of a law 
 forbidding the burning of agricultural waste on fields. The emis-
 sion decreased by 23% from 1990 to 2004, mainly because of de-
 creasing emissions from road transportation.  


3$+V


The present emission inventory for PAH (poly aromatic hydrocar-
 bons) includes the four PAHs reported to UNECE: benzo(a)py-
 rene, benzo(b)fluoranthene, benzo(k)fluoranthene and indeno-
 (1,2,3-cd) pyrene. The most important sources of the PAH emission 
 are combustion of wood in the residential sector and road trans-
 portation. The increasing emission trend is due to increasing com-
 bustion of wood in the residential sector. 


3DUWLFXODWH0DWWHU


The particulate matter (PM) emission inventory has been reported 
 for the years 2000-2004. The inventory includes total emission of 
 particles TSP (Total Suspended Particles), emission of particles 
 smaller than 10 µm (PM10) and emission of particles smaller than 
 2.5 µm (PM2.5). 


The largest PM2.5 emission sources are the residential sector (55%), 
road traffic (18%) and other mobile sources (13%). For the latter, 



(10)the most important source is off-road vehicles and machinery in 
 the agricultural/forestry sector (58 %). For the road transport sec-
 tor, exhaust emissions account for the major part (85%) of the 
 emission. 


The largest TSP emission sources are the agricultural sector and 
 the residential sector. The TSP emissions from transport are also 
 important and include both exhaust emissions and non-exhaust 
 emissions from brake and tyre wear and road abrasion. The non-
 exhaust emissions account for 26% of the TSP emission from road 
 transport. 


+HDY\PHWDOV


In general, the most important sources of heavy metal emissions 
 are combustion of fossil fuels and waste. The heavy metal emis-
 sions have decreased substantially over recent years. The reduc-
 tions span from 18% to 96%, for Cu and Pb respectively. The rea-
 son for the reduced emissions is mainly the 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 be-
 ing essential for catalyst cars. 



,,,5HFDOFXODWLRQVDQG,PSURYHPHQWV


In general, considerable work is being carried out to to improve 
 the inventories. New investigations and research carried out in 
 Denmark and abroad are, as far as possible, included as the basis 
 for the emission estimates and included as data in the inventory 
 databases. Furthermore, the updates of the EMEP/CORINAIR 
 guidebook and the work in the Task Force on Emission Inventories 
 and its expert groups are followed closely in order to be able to in-
 corporate the best scientific information as the basis for the inven-
 tories. Further important references in this regard are the IPCC 
 guidelines and IPCC good practice guidance. 


Implementation of new results in inventories is made in a way so 
 that improvements better reflect Danish conditions and circum-
 stances. In improving the inventories, care is taken to consider im-
 plementation of improvements for the whole time-series of inven-
 tories, to promote consistency. Such efforts lead to recalculation of 
 previously submitted inventories. 


For total national emissions, the general impact of the recalcula-
 tions made in 2005 is small. The most important recalculations for 
 the various sectors are mentioned below. 


6WDWLRQDU\FRPEXVWLRQ


Recalculation is mainly a result of an update of fuel rates accord-
ing to the latest energy statistics. The update included the years 
1980-2003. The criteria for including a plant as a point source has 
been defined and included in this reporting. A number of emission 
factors for SO2 and NOx have been corrected, see Annex 2, Appen-



(11)dix 4. The emission factor for N2O for coal-powered plants has 
 been updated based on new research. 


Some additional improvements, causing only very limited changes 
 in the estimated total emission from stationary combustion, are 
 discussed in Section 3.2.5. 


7UDQVSRUW


The following most important recalculations and improvements of 
 the emission inventories have been made since the emission re-
 porting in 2005. 


For road transport, a revision of the 1985-2003 time-series of emis-
 sions has been made, based on revised fleet and mileage data from 
 the Danish Road Directorate, and corrections have been made to 
 road transport gasoline fuel use in accordance with a new gasoline 
 fuel use estimate for non-road machinery. Additionally, a new 
 model has been developed at NERI, based on the COPERT meth-
 odology and emission factors. This decision was made in order to 
 gain flexibility in output formats and to save working time during 
 inventory update and debugging procedures. 


For inland waterways/agriculture/forestry/household-gardening, 
 a complete revision of the 1985-2003 time-series of fuel use and 
 emissions has been made, using results from a specific Danish 
 non-road research project (Winther et al., 2006). This change also 
 affects the 1985-2003 time-series of diesel fuel use and emissions 
 for fisheries.  


For military and domestic aviation, smaller inventory changes 
 have been made and, in these cases, further details are presented 
 in Section 3.3. 


,QGXVWU\


NMVOC from roofing and road paving with asphalt is now in-
 cluded in the inventory. 


6ROYHQWV


A new approach for calculating the emissions of Non-Methane 
Volatile Organic Carbon (NMVOC) from industrial and household 
use in Denmark has been introduced. It focuses on single chemi-
cals rather than activities. 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. Improvements and additions are 
continuously being implemented in the new approach, due to the 
comprehensiveness and complexity of the use and application of 
solvents in industries and households. The improvements in the 
2004 reporting include revisions of the following: 1) Propane and 
butane  use,  2)  Refinement  of  distribution  of  use  categories  in  in-
dustrial branches, and 3) Emission factors for use and for produc-
tion and processing. 



(12)$JULFXOWXUH


Few changes have been made in relation to the ammonia emission 
19850-2003, and they influence the total emission of 2003 and 2004 
by less than 1% (refer to Section 6.7). There are no changes in the 
particulate matter emission calculations. 



(13)
6DPPHQIDWQLQJ



,%DJJUXQGIRUHPLVVLRQVRSJ¡UHOVHU


cUOLJUDSSRUW


Denne rapport er Danmarks årlige rapport om emissionsopgørel-
 ser sendt til UNECE-konventionen om langtransporteret grænse-
 overskridende luftforurening (LRTAP) i maj 2006. Rapporten in-
 deholder oplysninger om Danmarks opgørelser for alle år fra ba-
 sisårene for protokollerne til 2004. 


Gasserne der rapporteres til LRTAP-konventionen er SO2, NOX, 
 NMVOC, CO, NH3, As, Cd, Cr, Cu, HG, Ni, Pb, Se, Zn, dioxi-
 ner/furaner, PAH, TSP, PM2,5 og PM10. 


Den årlige emissionsopgørelse for Danmark rapporteres i det for-
 mat (NFR) som angivet i retningslinierne for rapportering. Det 
 fuldkomne sæt af NFR-filer er inkluderet i rapporten. 


Emnerne behandlet i rapporten er: Udvikling i emissioner, beskri-
 velse af hver NFR-kategori, usikkerheder, rekalkulationer, plan-
 lagte forbedringer og procedure for kvalitetssikring og -kontrol. 


Strukturen i rapporten er, så vidt muligt, den samme som den na-
 tionale emissionsopgørelsesrapport sendt til FN’s konvention om 
 klimaændringer (UNFCCC). 


Denne rapport og NFR-tabellerne er tilgængelige for offentlighe-
 den på DMU’s hjemmeside. 


(http://www.dmu.dk/1_Viden/2_Miljoe-
 tilstand/3_luft/4_adaei/default_en.asp) 


$QVYDUOLJWLQVWLWXW


Danmarks Miljøundersøgelser (DMU) under Miljøministeriet er 
 ansvarlig for udarbejdelse af den årlige danske emissionsrapport 
 og opgørelserne i NFR-format i overensstemmelse med retningsli-
 nierne samt rapportering til UNECE-LRTAP-konventionen. DMU 
 deltager i møder under UNECEs arbejdsgruppe for emissionsop-
 gørelser og –fremskrivninger samt ekspertpaneler, hvor parter i 
 konventionen udarbejder retningslinier og metoder for emissions-
 opgørelserne. 



,,8GYLNOLQJHQLHPLVVLRQHU


)RUVXUHQGHJDVVHU


Figur S.1 viser emissionen af danske forsurende gasser opgjort i 
syreækvivalenter. I 1990 var det relative bidrag af syreækvivalen-
ter næsten ens for de tre gasarter. I 2004 var ammoniak den vigtig-



(14)ste forsurende faktor i Danmark og de relative bidrag for SO2, NOX


og NH3 var på henholdsvis 7 %, 38 % og 55 %. Med hensyn til 
 langtransporteret luftforurening er det dog stadig SO2 og NOX, der 
 er de største kilder. 
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)LJXU6   Emissioner af NH3, NOX og SO2 i syreækvivalenter. 
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Hovedparten af SO2-emissionerne stammer fra forbrænding af fos-
 sile brændsler, dvs. primært kul og olie, på kraftværker, kraftvar-
 meværker og fjernvarmeværker. Fra 1980 til 2004 er det totale ud-
 slip reduceret med 95 %. Den store reduktion er primært opnået 
 gennem installation af afsvovlingsanlæg og brug af brændsler med 
 lavt svovlindhold på kraftværker og fjernvarmeværker. Trods den 
 store reduktion er disse værker kilde til 42 % af det samlede ud-
 slip. Også emissioner fra industrielle forbrændingsanlæg, ikke-
 industrielle forbrændingsanlæg og andre mobile kilder er væsent-
 lige bidragsydere til emissionen. National søfart (sejlads og fiskeri) 
 bidrager med omkring 11 % af den totale SO2-emission. Dette 
 skyldes brug af fuelolie med et højt svovlindhold. 


12;


Den største kilder til emissioner af NOX er andre mobile kilder ef-
terfulgt af vejtransport og forbrænding i energisektoren (hovedsa-
geligt kraftværker og fjernvarmeværker). Transportsektoren er den 
sektor, der bidrager mest til udledningen af NOX og i 2004 stam-
mede 39 % af de danske NOX-emissioner fra vejtransport, national 
sejlads, jernbaner og civil luftfart. Også emissioner fra nationalt fi-
skeri og off-road køretøjer (entreprenør-, landbrugsmaskiner, 
m.m.) bidrager betydeligt til NOX-emissionen. For ikke-industrielle 
forbrændingsanlæg er de primære kilder forbrænding af gasolie, 
naturgas og træ i husholdninger. Emissionerne fra kraftværker og 
fjernvarmeværker er faldet med 57 % fra 1985 til 2004. I sammen 
periode er den totale emission faldet med 38 %. Reduktionen skyl-
des øget brug af katalysatorer i biler og installation af lav-NOX-
brændere og de-NOX-anlæg på kraftværker og fjernvarmeværker. 



(15)1+


Stort set alle atmosfæriske emissioner af NH3 stammer fra aktivite-
 ter i landbruget. Kun en mindre del skyldes vejtransport. Denne 
 del er dog stigende pga. den øgede brug af biler med katalysator. 


Hovedparten af emissionen fra landbruget stammer fra husdyr-
 gødning (78 %) og de største tab af ammoniak optræder under 
 håndtering af gødningen i stalden og under spredning på marken. 


Andre bidrag kommer fra afgrøder (15 %), brug af kunstgødning 
 (6 %), slam fra rensningsanlæg brugt som gødning og ammoniak 
 brugt til behandling af halm (mindre end 1 %). Den totale ammo-
 niakemission er faldet 32 % fra 1985-2004. Dette er et resultat af 
 den nationale miljøpolitik, der er ført gennem de seneste 20 år. 


$QGHQOXIWIRUXUHQLQJ
 1092&


Emissionen af NMVOC stammer fra mange forskellige kilder og 
 kan opdeles i to hovedgrupper: Ufuldstændig forbrænding og for-
 dampning. Hovedkilderne til NMVOC-emissioner fra ufuldstæn-
 dig forbrændingsprocesser er vejtrafik og andre mobile kilder, som 
 national sejlads og ikke vejgående maskiner. Køretøjer til vejtrans-
 port er fortsat den største bidragsyder, selvom emissionerne er 
 faldet siden introduktionen af biler med katalysator i 1990. Emissi-
 onerne fra fordampning stammer hovedsageligt fra brugen af op-
 løsningsmidler. Emissionerne fra energisektoren er steget igennem 
 90’erne pga. øget brug af stationære gasmotorer, som har meget 
 højere emissioner af NMVOC end konventionelle kedler. De totale 
 menneskeskabte emissioner er faldet med 35 % fra 1985 til 2004, 
 primært som følge af øget brug af biler med katalysator og reduce-
 rede emissioner fra brug af opløsningsmidler. 


&2


Selvom biler med katalysator blev introduceret i 1990, er vejtrans-
 port stadig årsag til den største del af den totale CO-emission. Og-
 så andre mobile kilder og ikke-industrielle forbrændingsanlæg bi-
 drager betydeligt til den totale emission af denne gas. Faldet i 
 emissioner set i 1990 var en konsekvens af loven, der forbyder 
 markafbrænding. Emissionen faldt med 23% fra 1990 til 2004 ho-
 vedsageligt pga. faldende emissioner fra vejtransport. 


3$+¶HU


Den nuværende emissionsopgørelse for PAH (polycycliske aroma-
 tiske hydrocarboner) inkluderer de fire PAH’er der rapporteres til 
 LRTAP-konventionen: Benzo(a)pyrene, benzo(b)fluoranthene, 
 benzo(k)fluoranthene og indeno(1,2,3-cd)pyrene. De vigtigste kil-
 der til emission af PAH er forbrænding af træ i husholdningerne 
 samt vejtransport. De stigende emissioner skyldes øget forbræn-
 ding af træ i husholdningerne. 


3DUWLNOHU


Emissionsopgørelsen for partikler (Particulate Matter, forkortet 
PM) er blevet rapporteret for årene 2000-2004. Opgørelsen inklu-
derer den totale emission af partikler TSP (Total Suspended Par-
ticles), emissionen af partikler mindre end 10 µm (PM10) og emis-
sionen af partikler mindre end 2,5 µm (PM2,5). 



(16)De største kilder til PM2,5-emission er husholdninger (55 %), vejtra-
 fik (18 %) og andre mobile kilder (13 %). For den sidstes vedkom-
 mende er off-road køretøjer samt landbrugs- og skovbrugsmaski-
 ner de vigtigste kilder (58%). I transportsektoren tegner udstød-
 ningsemissioner sig for størstedelen (85 %). 


De største kilder til TSP-emission er landbrugssektoren og hus-
 holdningerne. TSP-emissionen fra transport er også vigtig og in-
 kluderer både udstødningsemissioner og ikke-udstødningsrela-
 terede emissioner fra slid af bremser, dæk og vej. De ikke-udstød-
 ningsrelaterede emissioner udgør 26 % af TSP-emissionen fra 
 transport. 


7XQJPHWDOOHU


Generelt er de vigtigste kilder til emissioner af tungmetaller for-
 brænding af fossile brændsler og affald. Emissionerne af tungme-
 taller er faldet betydeligt de seneste år. Reduktionerne spænder fra 
 18 % til 96% for henholdsvis Cu og Pb. Årsagen til de reducerede 
 emissioner er hovedsageligt den øgede brug af røggasrensning på 
 kraftværker og fjernvarmeværker (inklusive affaldsforbrændings-
 anlæg). Den store reduktion i emissionen af Pb skyldes et løbende 
 skift til fordel for blyfri benzin, som er nødvendigt for biler med 
 katalysator. 



,,,5HNDONXODWLRQHURJIRUEHGULQJHU


Generelt pågår der et betydeligt arbejde med at forbedre emissi-
 onsopgørelserne. Nye undersøgelser og forskning fra Danmark og 
 udlandet inkluderes så vidt muligt som basis for emissionsestima-
 terne. Desuden følges arbejdet med opdateringer af EMEP/CO-
 RINAIR-retningslinjerne for emissionsopgørelser nøje med henblik 
 på at indarbejde de bedste videnskabelige informationer som basis 
 for opgørelserne. Andre vigtige kilder er IPCCs retningslinier 
 (IPCC Guidelines og IPCC Good Practice Guidance). 


Opgørelserne opdateres løbende med ny viden, således opgørel-
 serne bedst mulig afspejler danske forhold. Ved forbedringer læg-
 ges vægt på, at opdateringer omfatter hele tidsserier for at sikre 
 konsistente data. Disse tiltag medfører rekalkulation af tidligere 
 indberettede opgørelser. Rekalkulationerne har kun medført små 
 ændringer i de nationaltotale emissioner. De vigtigste rekalkula-
 tioner for de forskellige sektorer er nævnt i nedenstående. 


6WDWLRQ UHIRUEU QGLQJVDQO J


Rekalkulationer skyldes hovedsageligt opdatering af brændsels-
 forbrug i henhold til den seneste udgave af Energistatistikken. 


Opdateringen gælder årene 1980-2003. Enkelte emissionsfaktorer 
for SO2 og NOx er blevet ændret, se anneks 2a, appendiks 4. N2O 
emissionsfaktoren for kulfyrede kraftværker er blevet opdateret 
for hele tidsserien baseret på forskning udført af Elsam. Se afsnit 
3.2.5 for yderligere forbedringer. 



(17)7UDQVSRUW


For vejtransport er emissionerne ændret i en tidsserie fra 1985-2003 
 pga. ændrede trafik- og bestandsdata fra Vejdirektoratet og et revide-
 ret forbrugsestimat for benzin. Den sidste revision er gjort på basis af 
 de nye forbrugsberegninger for arbejdsredskaber og maskiner. Der-
 udover beregnes vejtrafikkens emissioner nu i en intern DMU-model 
 der bygger på COPERT III modellens struktur. Formålet er at opnå 
 mere fleksibilitet i outputformaterne og at spare tid ved fremtidige 
 modelopdateringer. For fritidsfartøjer, landbrug, skovbrug og have-
 hushold er energiforbrug og emissioner blevet opdateret i en tidsserie 
 fra 1985-2003 på basis af ny dansk forskningsviden (Winther et al., 
 2006). Disse ændringer påvirker også energiforbruget og emissioner-
 ne fra fiskeri. 


 Flere detaljer er beskrevet i sektion 3.3. 


,QGXVWUL


NMVOC emissioner fra tag- og vejbelægning med asfalt og asfaltpro-
 dukter er nu inkluderet i opgørelsen. 


2SO¡VQLQJVPLGOHU


En ny metode til beregning af NMVOC-emissioner fra industri og 
 husholdninger er anvendt. Metoden tager udgangspunkt i enkelte 
 kemikalier og ikke som tidligere i aktiviteter. Fremgangsmåden er en 
 kvantificering af brugen af kemikalier og en estimering af fraktionen 
 af kemikalierne, der emitteres som følge af forbrug i industri og hus-
 holdninger. Forbedringer og tilføjelser implementeres løbende i den 
 nye metode på grund af den meget omfattende mængde kemikalier 
 og kompleksitet af anvendelser og emissioner. Forbedringer i forhold 
 til 2003 opgørelsen omfatter følgende hovedpunkter: 1) Anvendelse af 
 propan og butan, 2) Forbedring af fordeling af stoffer i de forskellige 
 industrielle brancher, 3) Forbedring af emissionsfaktorer for forbrug 
 og production. 


/DQGEUXJ


Der er kun fortaget få opdateringer i beregningen af NH3-emissionen. 


Ændringen i den beregnede emission er under 1 % (se afsnit 6.7). Der 
ingen ændringer i beregning af partikelemissionerne. 



(18)
 ,QWURGXFWLRQ



 %DFNJURXQGLQIRUPDWLRQRQHPLVVLRQLQYHQWRULHV


 $QQXDOUHSRUW


According to the Guidelines for Estimating and Reporting Emis-
 sion Data/2002/7 prepared by the Task Force on Emission Inven-
 tories and Projections, countries party to the UNECE-Convention 
 on Long-Range Transboundary Air Pollution are required annu-
 ally to submit an informative report to the Secretariat. 


This report is Denmark’s Annual Emissions Inventory Report due 
 May 2006. The report contains information on Denmark’s invento-
 ries for all years from the base years of the protocols to 2004. 


The annual emission inventory for Denmark is reported in the 
 Nomenclature for Reporting (NFR) format as requested in the re-
 porting guidelines. The complete sets of NFR files are available in 
 Annex 1. 


The issues addressed in this report are: trends in emissions, de-
 scription of each NFR category, uncertainty estimates, recalcula-
 tions, planned improvements and procedures for quality assur-
 ance and control. The structure of the report is, as far as possible, 
 the same as the National Inventory Report to UNFCCC. 


This report and NFR tables are available to the public on NERI’s 
 homepage (http://www.dmu.dk/1_Viden/2_Miljoetilstand/3_lu-
 ft/4_adaei/default_en.asp). 



 $GHVFULSWLRQRIWKHLQVWLWXWLRQDODUUDQJHPHQWIRU LQYHQWRU\SUHSDUDWLRQ


The National Environmental Research Institute (NERI), under the 
 Danish Ministry of Environment, is responsible for the annual 
 preparation and submission to the UNECE-LRTAP Convention of 
 the Annual Danish Emissions Report, and the inventories in the 
 NFR Format in accordance with the guidelines. NERI participates 
 in meetings under the UNECE Task Force on Emission Inventories 
 and Projections and the related expert panels where parties to the 
 convention prepare the guidelines and methodologies on invento-
 ries. 


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


Danish Energy Authority, The Ministry of Transport and Energy: 


Annual energy statistics in a format suitable for the emission in-



(19)ventory work and fuel consumption data for the large combustion 
 plants. 


Danish Environmental Protection Agency, The Ministry of the En-
 vironment: Database on waste. 


Statistics Denmark, The Ministry of Economic and Business Af-
 fairs: Statistical yearbook, sales statistics for manufacturing indus-
 tries and agricultural statistics. 


Danish Institute of Agricultural Sciences, The Ministry of Food, 
 Agriculture and Fisheries: Data on use of mineral fertiliser, feed-
 stuff consumption and nitrogen turnover in animals. 


The Road Directorate, The Ministry of Transport and Energy: 


Number of vehicles grouped in categories corresponding to the EU 
 classification, mileage (urban, rural, highway), trip speed (urban, 
 rural, highway). 


Danish Centre for Forest, Landscape and Planning, The Royal Vet-
 erinary and Agricultural University: Background data for Forestry 
 and CO2 uptake by forest. 


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


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


Danish companies: Audited environmental statements, green ac-
 counts (“Grønne regnskaber”) and direct information gathered 
 from producers and agency enterprises. 


Formerly, data provision was on a voluntary basis, but more for-
 mal agreements are now being prepared. 



 %ULHIGHVFULSWLRQRIWKHSURFHVVRILQYHQWRU\



SUHSDUDWLRQ


Background data (activity data and emission factors) for estima-
 tion of the Danish emission inventories is stored in central data-
 bases placed at NERI. The databases are in Access format and 
 handled with software developed by the European Environmental 
 Agency and NERI. As input to the databases, various sub-models 
 are used to estimate and aggregate the background data so they fit 
 the format and level in the central databases. The methodologies 
 and data sources used for the different sectors are described in 
 Chapter 1.4 and Chapters 3 to 6. As part of the QA/QC (quality 
 assurance/quality control) plan, a data structure is proposed that 
 describes the pathway from collection of raw data to data compila-
 tion, modelling and final reporting (Illerup et al., 2006). 


For each submission, databases and additional tools and submod-
els are frozen together with the resulting CRF-reporting format. 



(20)This material is placed on central institutional servers, which are 
 subject to routine back-up services. Back-up material is archived 
 safely. A further documentation and archiving system is the offi-
 cial journal for NERI, for which there exist obligations for NERI as 
 a governmental institute. In this journal, system correspondence, 
 in-going and out-going, is registered, which in this case involves 
 registration of submissions as well as communication on invento-
 ries with the UNFCCC-Secretariat, with the European Commis-
 sion, with review teams, etc. 


Figure 1.1 shows a schematic overview of the process of inventory 
preparation. The figure illustrates the process of inventory prepa-
ration from the first step of collecting external data to the last step, 
where the reporting schemes are generated to UNFCCC and the 
EU (the CRF format (Common Reporting Format)) and to the 
United Nations Economic Commission for Europe/Cooperative 
Programme for Monitoring and Evaluation of the Long-range 
Transmission of Air Pollutants in Europe (UNECE/EMEP) (the 
NFR format (Nomenclature For Reporting)). For data handling, the 
software tool is CollectER (Pulles et al., 1999a); for the CRF report-
ing, the software tool is ReportER (Pulles et al., 1999b); and CRF 
correction templates have been developed by NERI. Data files and 
programme files used in the inventory preparation process are 
listed in Table 1.1. 



(21)7DEOH   List of current data structure; data files and programme files in use 





Level Name  Application  Path  Type  Input sources  Remarks 


5  NFR-tables (UNECE/EMEP)  External report  I:\ROSPROJ\LUFT_EMI\2002_unece MS Excel NFR_Report_Automatisk.xls NFR-format 
 5  CFR-tables (UNFCCC and EU) External report  I:\ROSPROJ\LUFT_EMI\2002_EU MS Excel ReportER 


CRF-skabeloner 
 CRF-Retteskabelon 


CRF-format 


4 CRF-Retteskabelon 
 (correction templates) 


Help tool  I:\ROSPROJ\LUFT_EMI\2002_EU\2002_EU
 _15March2004 


MS Excel  manual input  Notations keys, etc. 


4 CollectER  Management tool  I:\ROSPROJ\LUFT_EMI\programmer\Collect
 ER\programfiler 


 (exe + mdb)  manual input  Version: 1.3 3 from 
 Spirit 


4 ReportER  Reporting tool  I:\ROSPROJ\LUFT_EMI\programmer\Report
 ER\programfiler 


 (exe + mdb)  CollectER databases 
 ReportER database 


Version: 3.1 Beta 
 dbversion:4 from Spirit 
 3 dk1972.mdb.dkxxxx.mdb Data storage  I:\ROSPROJ\LUFT_EMI\Collect MS Access CollectER 


MS Access 


CollectER databases 


4 NFR-template  Presentation template I:\ROSPROJ\LUFT_EMI\Collect\v4\NFRshe
 ets_original_koder.xls 


MS Excel  none 


4  DMURep.mdb  Help tool  I:\ROSPROJ\LUFT_EMI\DMURep  MS Access  dk1972.mdb..dkxxxx.mdb 
 ReportER database 
 manual input 
 4  NFR_Report_Automatisk.xls  Help tool, Report compiler  I:\ROSPROJ\LUFT_EMI\DMURep\Excel 


skabeloner 


MS Excel  DMURep(_ny).mdb;qXLS_NFR_R
 eport 


NFR-skabelon 
 5 EMEP_NFR.xlt  Internal Time-series report I:\ROSPROJ\LUFT_EMI\DMURep\Excel 


skabeloner 


MS Excel  DMURep.mdb 



(22))LJXUH   Schematic diagram of the process of inventory preparation 



 %ULHIGHVFULSWLRQRIPHWKRGRORJLHVDQGGDWDVRXUFHV XVHG


Denmark’s air emission inventories are based on the “Revised 1996 IPCC 
 Guidelines for National Greenhouse Gas Inventories“ (Houghton et al., 
 1997), the “Good Practice Guidance and Uncertainty Management in Na-
 tional Greenhouse Gas Inventories“ (Penman et al., 2000) and the CORI-
 NAIR methodology. CORINAIR (COoRdination of Information on AIR 
 emissions) is a European air emission inventory programme for national 
 sector-wise emission estimations, harmonised with the IPCC guidelines. To 
 ensure estimates as timely, consistent, transparent, accurate and compara-
 ble as possible, the inventory programme has developed calculation meth-
 odologies for most sub-sectors, and software for storage and further data 
 processing (Richardson, S. (Ed), 1999). 


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 
 given factors. Activities are numbers referring to specific processes which 
 generate emissions, while an emission factor is the mass of emissions per 
 unit activity. Information on activities for the CORINAIR inventory is 
 mainly based on official statistics. The most consistent emission factors have 
 been used, either as national values or default factors proposed by the 
 CORINAIR methodology. The documentation on the CORINAIR method-
 ology can be obtained from the “Joint EMEP/-CORINAIR Atmospheric 
 Emission Inventory Guidebook”, Second edition (Richardson, S. (Ed), 1999). 


The documentation on COPERT III is given in Ntziachristos et al. (2000). 


A list of all sub-sectors at the most detailed level is given in Illerup et al. 


(2000). Incorporated in the CORINAIR software is a feature to serve the spe-
 cific UNFCCC and UNECE convention needs for emission reporting. The 
 translations between CORINAIR and IPCC codes for sector classifications 
 are listed in Illerup et al. (2000). 
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(23)The specific methodologies regarding Stationary Combustion Plants 


Stationary combustion plants are part of the CRF emission sources $(Q
 HUJ\,QGXVWULHV, $0DQXIDFWXULQJ,QGXVWULHV and $2WKHUVHFWRUV. 


The Danish emission inventory for stationary combustion plants is based on 
 the CORINAIR system described in the “EMEP/CORINAIR Emission In-
 ventory Guidebook”, 3rd edition. The inventory is based on activity rates 
 from the Danish energy statistics and on emission factors for different fuels, 
 plants and sectors. 


The Danish Energy Authority aggregates fuel consumption rates in the offi-
 cial Danish energy statistics to SNAP categories. 


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/CORINAIR guidebook and some are country specific 
 and refer to Danish legislation, Danish research reports or calculations 
 based on emission data from a considerable number of plants. 


A number of large plants, e.g. power plants and municipal waste incinera-
 tion plants are registered individually as large point sources and emission 
 data from the actual plants are used. This enables use of plant-specific emis-
 sion factors that refer to emission measurements stated in annual environ-
 mental reports. Emission factors of SO2, NOX, HM and PM are often plant 
 specific. 


Please refer to Chapter 3 and Annex 2A for further information on emission 
 inventories for stationary combustion plants. 


 )XJLWLYHHPLVVLRQVIURPRLO&5)7DEOH%D
 2IIVKRUHDFWLYLWLHV


Emissions from offshore activities are estimated according to the methodol-
 ogy described in the the EMEP/CORINAIR guidebook, 3rd edition. The 
 sources include extraction of oil and gas, onshore oil tanks, and onshore 
 and offshore loading of ships. The emission factors are based on the figures 
 given in the guidebook except for in the case of onshore oil tanks where na-
 tional values are used. 


2LO5HILQHULHV±3HWUROHXPSURGXFWVSURFHVVLQJ


The VOC emissions from petroleum refinery processes cover non-
 combustion emissions from feed stock handling/storage, petroleum prod-
 ucts processing, product storage/handling and flaring. SO2 is also emitted 
 from non-combustion processes and includes emissions from product proc-
 essing and sulphur-recovery plants. The emission calculations are based on 
 information from the Danish refineries and the energy statistics. 


 )XJLWLYHHPLVVLRQVIURPQDWXUDOJDV%E
 1DWXUDOJDVWUDQVPLVVLRQDQGGLVWULEXWLRQ


Inventories of NMVOC emission from gas transmission and distribution are 
based on annual environmental reports from the Danish gas transmission 
company, DONG, and on a Danish inventory for the years 1999-2003 re-
ported by the Danish gas sector (transmission and distribution companies). 



(24)Please refer to Chapter 3 for further information on fugitive emissions from 
 fuels. 


Specific methodologies regarding transport 


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


An internal NERI model with a structure similar to the European COPERT 
 III emission model 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 
 the Danish Road Directorate, and is grouped according to average fuel con-
 sumption and emission behaviour. For each group, the emissions are esti-
 mated by combining vehicle type and annual mileage figures with hot 
 emission factors, cold:hot ratios and evaporation factors (Tier 2 approach). 


For air traffic, the 2001, 2002 and 2003 estimates are made on a city-pair 
 level, using flight data from the Danish Civil Aviation Agency (CAA-DK), 
 and LTO and distance-related emission factors from the CORINAIR guide-
 lines (Tier 2 approach). For previous years, the background data consists of 
 LTO/aircraft type statistics from Copenhagen Airport and total LTO num-
 bers 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, agriculture, forestry, industry, and household 
 and gardening. In general, the emissions are calculated by combining in-
 formation on the number of different machine types and their respective 
 load factors, engine sizes, annual working hours and emission factors (Tier 
 2 approach). 


The most thorough recalculations have changed the estimates for agricul-
 ture, forestry, industry, household/gardening and recreational craft. The 
 recalculations influence the emission estimates for all emission components, 
 and the emission factors of NOx, NMVOC, CO, TSP, PM10 and PM2.5 for the 
 sectors Agriculture/forestry/fisheries (1A4c), Industry (1A2f), Residential 
 (1A4b) and Navigation (1A3d). 


For mobile sources in 2004, the uncertainty of the SO2 and TSP emissions 
 were 46 and 56 %, respectively. The 2004 uncertainty estimates of NOx, 
 NMVOC, CO, PM10 and PM2.5 lie between these two percentage values. The 
 1990-2004 uncertainties are 7 and 13 % for TSP and CO, and the trend un-
 certainties for SO2, NOx, NMVOC, PM10 and PM2.5 lie between these values. 


For NH3, heavy metals and POPs, 2004 emissions have uncertainty levels of 
around 800 and 1 000 %. The emission trend uncertainties are significantly 
lower (except for NH3) than their uncertainty levels – still, large fluctuations 
do exist between the calculated values for the different emission compo-
nents. Apart from that for NH3 (trend uncertainty of 3 507 %), the smallest 
and largest uncertainties are 7 (As) and 151 % (Cd). 



(25)Please refer to Chapter 3 and Annex 2B for further information on emis-
 sions from transport. 


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. 


 0LQHUDOSURGXFWV


The sub-sector includes production of cement, lime, container glass/glass 
 wool, mineral wool, other production (consumption of limestone), and roof-
 ing and road paving with asphalt. The activity data as well as emission data 
 are primarily based on information from environmental statements termed 


“Green National Accounts” (In Danish: “Grønne regnskaber”) prepared by 
 companies according to obligations under Danish law. The published in-
 formation is supplemented with information obtained directly from com-
 panies or by use of standard emission factors. The distribution of TSP be-
 tween PM10 and PM2.5 is based on European average data. 


 &KHPLFDOLQGXVWU\


The sub-sector includes production of nitric acid, catalysts, fertilisers and 
 pesticides. The activity data as well as emission data are based on informa-
 tion from the companies as accounted for and published in the “Green Na-
 tional Accounts” combined with information obtained by contact to the 
 companies. The distribution of TSP between PM10 and PM2.5 is based on 
 European average data. Production of nitric acid ceased in the middle of 
 2004. 


 0HWDOSURGXFWLRQ


The sub-sector includes production of steel sheets and bars, cast iron, alu-
 minium, lead and lead products and various other metal products. The ac-
 tivity data as well as emission data for the steelworks are based on informa-
 tion from the companies as accounted for and published in the “Green Na-
 tional Accounts”, combined with information obtained by contact with the 
 companies. The activity data or the other processes are based on informa-
 tion from Statistics Denmark combined with Danish average emission fac-
 tors and standard emission factors. The distribution of TSP between PM10


and PM2.5 is based on European average data. 


 2WKHUSURGXFWLRQ


The sub-sector includes breweries. The activity data is obtained from Statis-
 tics Denmark and the emission factors are obtained from the IPCC guide-
 lines. 


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


Specific methodologies regarding solvents (3) 


The approach for calculating the emissions of Non-Methane Volatile Or-
ganic Carbon (NMVOC) from industrial and household use in Denmark fo-



(26)cuses on single chemicals rather than activities. This leads to a clearer pic-
 ture of the influence from each specific chemical, which enables a more de-
 tailed differentiation according to product and with regard to the influence 
 of product use on emissions. The procedure is to quantify the use of chemi-
 cals and estimate the fraction of the chemicals that is emitted as a conse-
 quence of use. 


Simple mass balances for calculating the use and emissions of chemicals are 
 set up: 1) use = production + import – export, 2) emission = use * emission 
 factor. Production, import and export figures are extracted from Statistics 
 Denmark databases, from which a list of 427 single chemicals, a few groups 
 and products are generated. For each of these a “use” amount in tonnes per 
 year (from 1995 to 2004) is calculated. It is found that 44 different NMVOCs 
 comprise over 95 % of the total use, and it is these 44 chemicals that are in-
 vestigated further. The “use” amounts are distributed in industrial activities 
 according to the Nordic SPIN (Substances in Preparations in Nordic Coun-
 tries) database, where information on industrial use categories and prod-
 ucts is available in a NACE coding system. The chemicals are also related to 
 specific products. Emission factors are obtained from regulators or the rele-
 vant industry. 


Outputs from the inventory are: a list where the 44 most predominant 
 NMVOCs are ranked according to emissions to air; specification of emis-
 sions from industrial sectors and from households; contribution from each 
 chemical to emissions from industrial sectors and households; tidal (annual) 
 trend in NMVOC emissions, expressed as total NMVOC and single chemi-
 cals, and specified in industrial sectors and households. 


Please refer to Chapter 5 for further information on emission inventories for 
 solvents. 


Specific methodologies regarding agriculture (4) 
 1)5%')


The emissions from the agricultural sector include emissions of ammonia 
 and particulate matter. The emissions are registered in NFR tables 4B Ma-
 nure Management and 4D Agricultural Soils. Table 4F Field Burning of Ag-
 ricultural Wastes has only been completed until 1989, because burning of 
 plant residue has been prohibited since 1990. 


The calculation of the ammonia emission is based on the EMEP-CLRTAP 
 emission inventory guidelines. In Denmark, a model-based system is ap-
 plied for calculation of ammonia emissions, particulate matter and green-
 house gases. This model is called DIEMA (Danish Integrated Emission 
 Model for Agriculture), and data on activity and emissions are collected, 
 evaluated and discussed in close corporation with the Danish Institute of 
 Agricultural Sciences and the Danish Agricultural Advisory Centre. 


Presently, there are no guidelines for estimation of particulate matter from 
the agricultural sector. The estimation of particulate emission is based on 
investigations of North European livestock housing units (Takaiet al., 1998) 
and the CEPMEIP database established by TNO. 



(27)Livestock numbers and data concerning the land use and crop yield are 
 based on the Agricultural Statistics published by Statistics Denmark (2004). 


The emission factors used to calculate the emissions are primarily based on 
 information from the Danish Institute of Agricultural Science and the Dan-
 ish Agricultural Advisory Centre. Furthermore, activity data from the Dan-
 ish Environmental Protection Agency and the Danish Plant Directorate are 
 used. 


Uncertainties for ammonia emissions from manure management and agri-
 cultural soils have been estimated. The estimated emissions for particulate 
 matter are associated with very high uncertainties, which are estimated to 
 be of several hundred percent. To ensure data quality, activity data and 
 data for estimation of emission factors are collected and discussed in corpo-
 ration with specialists and researchers at different institutes and research 
 departments. This means that the emission inventories are continuously 
 evaluated according to the latest knowledge and information. Furthermore, 
 time-series of both emission factors and activity data are prepared, and con-
 siderable variations are checked and revised. 


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



 ,QIRUPDWLRQRQWKH4$4&SODQLQFOXGLQJYHULILFDWLRQ DQGWUHDWPHQWRIFRQILGHQWLDOLVVXHVZKHUHUHOHYDQW


In the Danish National Inventory Report to UNFCCC (Illerup et al., 2006), a 
 plan is outlined for implementing Quality Control (QC) and Quality Assur-
 ance (QA) for greenhouse gas emission inventories prepared by the Danish 
 National Environmental Research Institute. The plan is in accordance with 
 the guidelines provided by the UNFCCC (IPCC, 1997) and the “Good Prac-
 tice Guidance and Uncertainty Management in National Greenhouse Gas 
 Inventories” (IPCC, 2000). The ISO 9000 standards are also used as impor-
 tant input for the plan. The plan also, to some extent, includes the gases re-
 ported to the UNECE-LRTAP Convention. 


In the preparation of Denmark's annual emission inventory, several quality 
 control (QC) procedures are carried out already as described in Chapters 3-
 6. The QA/QC plan will improve on these activities in the future. 



 *HQHUDOXQFHUWDLQW\HYDOXDWLRQLQFOXGLQJGDWDRQWKH RYHUDOOXQFHUWDLQW\IRUWKHLQYHQWRU\WRWDOV


The uncertainty estimates are based on the simple Tier 1 approach in the 
 EMEP/CorinAir *RRG 3UDFWLFH *XLGDQFH IRU /57$3 (PLVVLRQ ,QYHQWRULHV
 (Pulles & Aardenne 2001). 


The uncertainty estimates are based on emission data for the base year and 
 year 2004, 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 the base year is 1990. 


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



(28)The uncertainty estimates include the sectors: stationary combustion, trans-
 port, industry and agriculture. 


7DEOH   Danish uncertainty estimates, 2004 


1. The base year for PM is 2000 


2. Only including the emission sources for which uncertainty estimates have been estimated 



 *HQHUDODVVHVVPHQWRIWKHFRPSOHWHQHVV


The Danish emissions inventory due 15 February 2006 includes all sources 
 identified by the EMEP/CORINAIR guidebook except the following: 


 ,QGXVWULDOSURFHVVHV


• Mineral products  (NFR  2A):  The  inventory  will  be  improved  regarding 
 completion of pollutants included. The methodology used for some of 
 the pollutants from glass production is inconsistent and will be im-
 proved. 


• Chemical industry (NFR 2B): The inventory covering the chemical indus-
 try is considered to be complete. 


• Metal production (NFR 2C): The time-series will be completed. For espe-
 cially secondary aluminium and zinc production, potential emissions of 
 heavy metals will be investigated. 


• Other production (NFR 2D): The time-series for emission of NMVOC 
 from the production of beer is planned to be completed. Furthermore, 
 production of bread and other food products are planned to be included. 


 $JULFXOWXUH


The PM emission from stables will be included for the years 1985 to 1999. 


Pollutant Uncertainty 
 Total emission 


[%] 


Trend2)
 19901)-2004 


[%] 


Uncertainty 
 Trend 
 [%-age points] 


SO2 9 -86 ±0,9 


NOx 31 -34 ±5 


NMVOC 33 -42 ±11 


CO 36 -24 ±11 


NH3   27  -27  ±18 


TSP 1) 274 -3 ±21 


As 120 -56 ±7 


Cd 269 -49 ±70 


Cr 189 -82 ±28 


Cu 734 -12 ±203 


Hg 236 -68 ±48 


Ni 165 -62 ±17 


Pb 278 -96 ±35 


Se 115 -59 ±17 


Zn 220 -34 ±215 


Benzo(b)fluoranthene 952  71  ±39 


Benzo(k)fluoranthene 921  72  ±111 


Benzo(a)pyrene 972 69  ±25 


Indeno(1,2,3-c,d) 963  48  ±29 



(29)It  is  planned  to  move  the  emission  from  sewage  sludge  used  as  fertiliser 
 and applied on agricultural soils from NFR category 4.B13 – Manure Man-
 agement “Other” to NFR category 4.D – Agricultural Soils. 
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 $FLGLI\LQJJDVHV


Acid deposition of sulphur and nitrogen compounds mainly derives from 
 emissions of SO2, NOX and NH3. The effects of acidification are apparent in 
 a number of ways, including defoliation and reduced vitality of trees, and 
 declining fish stocks in acid-sensitive lakes and rivers. 


SO2 and NOX can be oxidised into sulphate (SO4--) and nitrate (NO3-) - either 
 in the atmosphere or after deposition - resulting in the formation of two and 
 one H+, respectively. NH3 may react with H+  to  form  ammonium  (NH4+) 
 and, by nitrification in soil, NH4+ is oxidised to NO3- 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: 


where   
P
L      is the emission of pollutant L in tonnes 


0
L         is the mole weight [tonne/Mmole] of pollutant L 

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 chalk 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 al-
 most equal for the three gases. In 2003, the most important acidification fac-
 tor in Denmark was ammonia nitrogen and the relative contributions for 
 SO2, NOX and NH3 were 7 %, 38 % and 55 %, respectively. However, with 
 regard to long-range transport of air pollution, SO2 and NOX are still the 
 most important pollutants. 
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