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3UHIDFH


On behalf of the Ministry of the Environment and the Ministry of 
 Climate and Energy, the National Environmental Research Institute 
 at Aarhus University is responsible for the calculation and reporting 
 of the Danish national emission inventory to EU directives, the 
 United Nations Framework Convention on Climate Change 
 (UNFCCC) and the United Nations Economic Commission for 
 Europe Convention on Long Range Transboundary Air Pollution 
 (UNECE CLRTAP). This documentation report for agricultural emis-
 sions has been externally reviewed as a key part of the general na-
 tional inventory QA/QC plan. 


The report has been reviewed by Nicholas J. Hutchings from the 
Faculty of Agricultural Sciences, Aarhus University and by Johnny 
M. Andersen from the Faculty of Life Sciences, University of Copen-
hagen. 
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6XPPDU\


Regulations in international conventions oblige Denmark to prepare 
 annual emission inventories and document the methodologies used 
 to calculate emissions. The responsibility for preparing the emissions 
 inventory for agriculture is in Denmark undertaken by the National 
 Environmental Research Institute (NERI), Aarhus University. Chap-
 ter 2 contains a description of the emissions from the agricultural 
 sector from 1985 to 2009. This report is an updated version of NERI 
 Research Notes no. 231 published in 2006. The following chapters of 
 the report include a detailed description of methods and data used 
 to calculate the emissions. 


The emissions from the agricultural sector include the greenhouse 
 gases: methane (CH4) and nitrous oxide (N2O) as well as the air pol-
 lutants: ammonia (NH3), particulate matter (PM), non-methane vola-
 tile organic compounds (NMVOC) and other pollutants specifically 
 related to the field burning of agricultural residues such as Nitrogen 
 oxide (NOx), Carbon dioxide (CO2), Carbonmonoxid (CO), Sulphur 
 dioxide (SO2), heavy metals, dioxin and PAH. 


The emission calculation is based on an Integrated Database model 
 for Agricultural emissions (IDA). The model covers all aspects of the 
 agricultural inputs and estimates both greenhouse gases and air pol-
 lutants. The largest contribution to agricultural emissions originates 
 from livestock production and most of the input data are sourced 
 from Statistics Denmark and from the Faculty of Agricultural Sci-
 ences, Aarhus University. These data cover, e.g., the extent of the 
 livestock production, land use, Danish standards for feed consump-
 tion and excretion. Furthermore, the estimation of nitrogen from 
 leaching and runoff is based on data collected in connection with the 
 Danish Action Plans for the Aquatic Environment. The emission in-
 ventory reflects the actual conditions for the Danish agricultural 
 production. In cases where no Danish data are available, default 
 values recommended by the Intergovernmental Panel on Climate 
 Change (IPCC) and the European Monitoring and Evaluation Pro-
 gramme (EMEP) are used. 


Approximately 97 % of the total NH3 emission originates from the 
 agricultural sector as does approximately 16 % of total greenhouse 
 gas emission. 


The NH3 emission from 1985 to 2009 has decreased from 98 300 ton-
 nes of NH3-N to 60 800 tonnes NH3-N, corresponding to a reduction 
 of approximately 38 %. Converted to NH3, the 2009 emission is an 
 estimated 73 800 tonnes NH3. Most of this NH3 emission is related to 
 livestock manure and of this the emission from pigs and cattle con-
 tributed, respectively with, 44 % and 36 %. 


The emission of greenhouse gases in 2009 is estimated at 9.6 million 



(9)12.9 million tonnes CO2 equivalents and a reduction of 22 % since 
 1990, which is the base year of the Kyoto protocol. 


The emission of CH4 is primarily related to cattle and pig produc-
 tion, which contributed 75 % and 20 % to the agricultural green-
 house gas emissions, respectively. The CH4 emission in 2009 is esti-
 mated to 195 gigagram (Gg), or given in CO2 equivalents as 4.1 mil-
 lion tonnes. 


The emission of N2O primarily originates from transformation of ni-
 trogen compounds in agricultural fields. The main sources are re-
 lated to the use of livestock manure, synthetic fertiliser and nitrogen 
 leaching and run-off. The emission of N2O in 2009 is estimated at 
 17.9 Gg, corresponding to 5.6 million tonnes CO2 equivalents. 


Biogas plants that process animal slurry reduce the emission of CH4


and N2O. A methodology to estimate the emission reductions are not 
 yet provided in the IPCC guidelines. The calculation of a lower 
 emission from biogas treated slurry is based on the amount of 
 treated slurry and the content of volatile solids and nitrogen. In 2009 
 approximately 8 % of all slurry was treated in biogas plants and the 
 lower emission of greenhouse gases as a consequence of biogas 
 treated slurry has result in a lower emission of 0.04 million tonnes 
 CO2 equivalents. 


Improvements in feed efficiency, use of low emission technologies, 
the utilisation of nitrogen in livestock manure and a significant de-
crease in the consumption of synthetic fertiliser are the most impor-
tant explanations for the reduction of NH3. This development has 
furthermore resulted in a significant reduction of N2O emission, 
which is the main reason for a considerable fall in the total green-
house gas. There has been a fall in CH4 emissions as a consequence 
of a reduction in the number of cattle. However, this trend is par-
tially counteracted by changes in animal housing towards more 
slurry-based systems. 
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6DPPHQIDWQLQJ


Hvert år opgøres bidraget af ammoniak og drivhusgasser fra Dan-
 mark. I forbindelse med en række internationale konventioner har 
 Danmark, udover opgørelsen af emissionerne, også forpligtet sig til 
 at dokumentere hvorledes emissionerne opgøres. Denne rapport er 
 en opdatering af DMU-arbejdsrapport nr. 231 publiceret i 2006. Rap-
 porten omfatter derfor dels en opgørelse, og dels en beskrivelse af 
 metoden for beregning af landbrugets emissioner af drivhusgasser-
 ne: metan (CH4) og lattergas (N2O), luftforureningskomponenterne: 


ammoniak (NH3), partikler (PM), non-metan VOC´er (NMVOC) og 
 andre stoffer der er relateret til afbrænding af afgrøderester fra land-
 bruget, som kvælstofilte (NOx), kuldioxid (CO2), kulilte (CO), svovl-
 dioxid (SO2), tungmetaller, dioxiner og PAH. Opgørelsen omfatter 
 perioden fra 1985 til 2009. 


Landbrugets emissioner er beregnet på grundlag af en databasebase-
 ret model kaldet IDA - Integrated Database model for Agricultural 
 emissions. Størstedelen af emissionerne er relateret til husdyrpro-
 duktionen og langt de fleste inputdata er hentet fra Danmarks Stati-
 stik og det Jordbrugsvidenskabelige Fakultet ved Aarhus Universi-
 tet. Disse data omfatter bl.a. omfanget af husdyrproduktionen, are-
 alanvendelse, normdata for foderindtag og dyrenes nitrogenudskil-
 lelse via gødningen, som er nogle af de vigtigste parametre for emis-
 sionsberegningen. Endvidere er beregningen for udvaskning af 
 kvælstof til vandmiljøet baseret på beregninger foretaget i forbindel-
 se med vandmiljøplanerne. Emissionsopgørelsen tager således højde 
 for de faktiske forhold der gør sig gældende for den danske land-
 brugsproduktion. For de områder hvor der ikke forefindes nationale 
 data anvendes anbefalede værdier fra The Intergovernmental Panel 
 on Climate Change (IPCC) og The European Monitoring and Evalua-
 tion Programme (EMEP). 


Langt størstedelen af den samlede NH3-emission svarende til ca. 97 


%, kan henføres til landbrugssektoren, mens ca. 16 % af den total 
 drivhusgasemission stammer fra landbruget. 


NH3-emissionen sker i forbindelse med omsætningen af N. Største-
 delen af emissionen kommer fra husdyrgødning, hvor svin og kvæg 
 i 2009 bidrager med henholdsvis 43 % og 36 %. Emissionen fra 1985 
 til 2009 er faldet fra 98.300 tons NH3-N til 60.800 tons NH3-N sva-
 rende til en reduktion på 38 %. Omregnet til NH3 svarer emissionen i 
 2009 til 73.800 tons NH3. 


Den samlede emission af drivhusgasser fra landbrugssektoren i 2009 
er 9,6 mio. tons CO2-ækvivalenter. I perioden fra 1985 er emissionen 
faldet fra 12,9 mio. tons CO2-ækvivalenter, hvilket svarer til en sam-
let reduktion på 25 %. Siden 1990, som er Kyotoprotokollens basisår, 
er emissionen reduceret med 22%. 



(11)Emissionen af CH4 stammer primært fra kvæg (75 %) og svin (20 %). 


Den samlede emission af CH4 er opgjort til 195 gigagram (Gg) i 2009 
 svarende til 4,1 mio. tons CO2-ækvivalenter. 


Som for NH3’s vedkommende, er emissionen af N2O knyttet til om-
 sætningen af kvælstof. De største bidragsydere er emissionen fra 
 handels- og husdyrgødning samt fra kvælstofudvaskningen fra 
 landbrugsjorden. Den samlede emission i 2009 er opgjort til 17,9 Gg 
 N2O, svarende til 5,6 mio. tons CO2-ækvivalenter. 


Anvendelse af husdyrgødning i biogasanlæg reducerer emissionen 
 af CH4 og N2O. Metoden for hvordan dette skal opgøres, er ikke be-
 skrevet i guidelines - udarbejdet af IPCC - hvorfor den reducerede 
 emission er opgjort på baggrund af danske antagelser. I 2009 be-
 handles ca. 8 % af den samlede mængde gylle i biogasanlæg. Det 
 forventes at der fra biogasbehandlet gylle forekommer en lavere 
 emission af drivhusgasser, hvilket er beregnet til at udgøre 0,04 mio. 


tons CO2-ækvivalenter. 


De væsentligste forklaringer på reduktionen af NH3, er en forbed-
ring i fodereffektivitet, en bedre udnyttelse af kvælstofindholdet i 
husdyrgødningen, anvendelse af emissionsreducerende teknologier 
og  på  baggrund  heraf,  et  markant  fald  i  anvendelsen  af  kvælstof  i 
handelsgødning. Denne udvikling har samtidig betydet et markant 
fald i N2O-emissionen, hvilket er den væsentligste årsag til redukti-
on i den samlede udledning af drivhusgasser fra landbruget. Der er 
sket en reduktion i CH4-emissionen fra fordøjelsesprocessen som en 
konsekvens af faldet i antallet af kvæg. Dog er denne reduktion del-
vis modvirket af en omlægning i staldtyper fra systemer med fast 
gødning til flere gyllebaserede systemer, som medvirker til en øget 
emission fra håndteringen af husdyrgødning. 
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 ,QWURGXFWLRQ


As a signatory to international conventions Denmark is under obli-
 gation to prepare annual emission inventories for a range of pollut-
 ants. For agriculture, the relevant emissions to be calculated are 
 ammonia (NH3), the greenhouse gases (GHG): methane (CH4) and 
 nitrous oxide (N2O) as well as the indirect greenhouse gases: non-
 methane volatile organic compounds (NMVOC), particulate matter 
 (PM) and a series of other pollutants related to the burning of crop 
 residues on fields. The National Environmental Research Institute 
 (NERI) under Aarhus University is responsible for calculating emis-
 sions and reporting the annual emission inventory. Most of the cal-
 culations are based on data collected from Statistics Denmark and 
 the Faculty of Agricultural Sciences, Aarhus University (DJF). In ad-
 dition to the reporting of emission data, Denmark is obliged by the 
 conventions to document the calculation methodology. This report, 
 therefore, includes both a review of the emissions for the period 
 1985–2009 and a description of the methodology on which calcula-
 tion of emissions is based. 


The 1999 Gothenburg Protocol, under the UNECE Convention on 
 Long-Range Transboundary Air Pollution (CLRTAP), and the EU’s 
 NEC Directive on national emission ceilings (2001/81/EC) commit 
 Denmark to reduce NH3 emissions from all sectors to 69 000 tonnes 
 NH3 by 2010 at the latest. In 2009, 97 % of the total NH3 emission in 
 Denmark came from the agricultural sector, the remainder from the 
 energy sector and industrial processes. It is important to point out, 
 that the Danish emission inventory reported under the NEC direc-
 tive does not include the emission of NH3 from crops, or from NH3


treated straw. 


Denmark has ratified the Kyoto Protocol under the United Nations 
 Framework Convention on Climate Change (UNFCCC). This 
 commits Denmark to reduce the emission of greenhouse gases, 
 measured in CO2 equivalents, by 21 % from the level in the base year 
 to the annual average in the first commitment period (2008-2012). In 
 2009, the agricultural sector contributed 16 % to the total emission of 
 greenhouse gases in Denmark, measured in CO2 equivalents. The 
 relatively large contribution is due to the emission of CH4 and N2O 
 from the sector. These gases have a higher global warming effect 
 than CO2. Measured in GWP (Global Warming Potential), the effects 
 of CH4 and N2O are, respectively, 21 and 310 times stronger than 
 that of CO2 (IPCC, 1997). 


The IPCC has developed guidance documents on how greenhouse 
gas emissions should be calculated. The two documents currently 
used under the UNFCCC is the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories (IPCC, 1997) hereafter the 
IPCC Guidelines and the Good Practice Guidance and Uncertainty 
Management in National Greenhouse Gas Inventories (IPCC, 2000) 



(13)ent geographic locations. The guidelines, however, do not always 
 represent the best method at the level of the individual country due 
 to the different national circumstances. The IPCC, therefore, advo-
 cates the use, as far as possible, of national figures where data are 
 available. 


A good basis for calculating the emissions from the agricultural sec-
 tor for Denmark is by making use of the extensive databases gener-
 ated when (a) calculating the normative values for feed consumption 
 and nitrogen excretion associated with livestock husbandry 
 (Poulsen, 2010; Poulsen et al., 2001; Poulsen & Kristensen, 1997; 


Laursen, 1994), (b) estimating the nitrogen content in crops (Kris-
 tensen & Kristensen, 2002; Kyllingsbæk, 2000; Høgh-Jensen et al., 
 1998) and (c) estimating nitrogen leaching (Børgesen & Grant, 2003). 


Generally, the IPCC Guidelines are based on livestock numbers in 
 order to be comparable with international statistics. For livestock 
 from which meat is produced, the Danish normative calculations are 
 based on the number of livestock produced. The Danish normative 
 values are used to calculate an emission which is based on actual 
 levels of production in the Danish agricultural sector. 


Agricultural emissions are calculated in an integrated national 
 model complex (Integrated Database model of Agricultural emis-
 sions, IDA) as recommended in the IPCC Guidelines. This means 
 that the calculation of emissions of NH3, greenhouse gases and other 
 pollutants have the same foundation, i.e. the number of livestock, the 
 distribution of types of livestock housing, fertiliser type, land use, 
 etc. Changes in the emission of NH3 will therefore have a direct ef-
 fect on emissions of N2O. 


The emission inventory is continuously being improved with the 
 availability of new knowledge. This means that over time changes 
 will be made to reflect changes in both emission factors and in the 
 methodology in the IPCC Guidelines and in the national inventories. 


In the emission inventory, the aim is to use national data as far as 
 possible. This sets high requirements for the documentation of data, 
 especially in areas where the method used and the national data dif-
 fer significantly from the IPCC’s recommended standard values. 


This report is an updated version of NERI Research Notes (Mikkel-
sen et al., 2006). The report starts with an introductory overview of 
emissions in the period from 1985 to 2009, describing the changes in 
agricultural activities that have influenced the emissions. Thereafter, 
the IDA model used to calculate the emissions is described and a de-
tailed description is provided on how the emissions for the individ-
ual pollutants are calculated. 
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 7UHQGVLQDJULFXOWXUDOHPLVVLRQV 


This chapter describes the development in the agricultural emissions 
 of air pollutions and greenhouse gases from 1985 to 2009. The first 
 group includes pollutants involved in air pollution, i.e. ammonia 
 (NH3), nitrogen oxides (NOx), particulate matter (PM), non-methane 
 volatile organic compounds (NMVOC) and other air pollutants (SO2, 
 CO, heavy metals, PAH and dioxin), which all have to be reported 
 under the UNECE Convention on Long-Range Transboundary Air 
 Pollution (CLRTAP). Emissions of other air pollutants are only re-
 lated to the field burning of agricultural residues. The second group 
 includes the direct greenhouse gases, which have to be reported to 
 the Kyoto Protocol under the Climate Convention, i.e. methane 
 (CH4) and nitrous oxide (N2O). Pollutants that have an indirect effect 
 on greenhouse emissions, i.e. NMVOC and nitrogen oxides (NOx) 
 from growing crops, carbon monoxide (CO) and sulphur dioxide 
 (SO2) from field burning, have to be estimated and reported to both 
 the UNFCCC and the CLRTAP. Table 2.1 gives an overview of the 
 conventions, the required report format and which pollutants they 
 cover. 


Table 2.1   Overview of conventions and pollutants. 


Convention Report format  Pollutants 


The United Nations 
 Framework Convention on 
 Climate Change (UNFCCC). 


Including the Kyoto Protocol. 


Data: 


CRF (Common Reporting Format) 
 Report: 


NIR (National Inventory Report) 


Direct greenhouse gases; CH4, N2O, CO21 


Indirect greenhouse gases; NMVOC, NOx, CO, SO21


The UNECE Convention on 
 Long-Range Transboundary 
 Air Pollution Convention. 


Including 8 protocols. 


Data: 


NFR (Nomenclature For Reporting) 
 Report:  


IIR (Informative Inventory Report) 


Main Pollutants (NH3, NOx NMVOC) 
 Particulate Matter (TSP, PM10, PM2.5) 
 Other pollutants (CO, SO2) 


Priority metals (Pb, Cd, Hg) 


Other metals (As, Cr, Cu, Ni, Se, Zn) 
 PAH (benzo(a)pyrene, benzo(b)fluoranthene, 
 benzo-(k)fluoranthene, Indeno(1,2,3-cd)pyrene) 
 Dioxin (PCDD/-F) 


EU’s Directive on national 
 emission ceilings (NECD) 
 (2001/81/EC) 


NFR (Nomenclature For Reporting) NH3 (excl. emission from crops and NH3 treated straw) 
 NMVOC, NOx, SO2


1 In the present CRF format it is not possible to report CO2 and SO2 from field burning of agricultural residues. How-
 ever, the CO2 emission from field burning is seen as CO2 neutral. 


It must be noted that CO2 removals/emissions from agricultural 
soils are not included in the emission inventory for the agricultural 
sector. According to the IPCC guidelines this removal/emission 
should be included in the LULUCF sector (Land-Use, Land-Use 
Change and Forestry) (Gyldenkærne et al., 2005). The same comment 
applies to the emission related to agricultural machinery (tractors, 
harvesters and other non-road machinery), emissions are reported in 
the energy sector. 



(15)It should also be noted that the agricultural emissions include two 
 non-agricultural activities, i.e. emissions from horses in riding 
 schools and from synthetic fertiliser used in parks, golf courses and 
 sports grounds. These emission sources cover approximately 1 % of 
 the total agricultural emissions.  
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Approximately 97 % originates from the agricultural sector and the 
 remainder from the energy sector and industrial processes. Most of 
 the NH3 emissions from agricultural activities relate to livestock 
 production, the remaining 15 % - 20 % from the use of synthetic fer-
 tiliser, growing crops, NH3 treated straw, the field burning of agri-
 cultural residues and sewage sludge applied to fields as fertiliser. 


Figure 2.1 shows the emissions partitioned into the different sources. 


The emission of NH3 from the agricultural sector decreased from 98 
 Gg NH3-N in 1985 to 61 Gg NH3-N in 2009, which corresponds to a 
 38 % reduction. 


The significant decrease in NH3 emissions is a consequence of an ac-
 tive national environmental policy over the last 20 years. A string of 
 measures have been introduced by action plans to prevent the loss of 
 nitrogen from agriculture to the aquatic environment, for example 
 the NPO (Nitrogen, phosphor, organic matter) Action Plan (1986), 
 Action Plans for the Aquatic Environment (1987, 1998, 2004), the Ac-
 tion Plan for Sustainable Agriculture (1991) and the Ammonia Ac-
 tion Plan (2001). These measures have brought about a decrease in 
 animal nitrogen excretion, improvement in use of nitrogen in ma-
 nure and a fall in the use of synthetic fertiliser, all of which have 
 helped reduce the overall NH3 emission significantly. 
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 Figure 2.1   NH3-N emissions in the agricultural sector, 1985 to 2009. Straw includes 
 NH3 treated straw and field burning of agricultural residues.  


The total NH3 emission is strongly correlated to a decrease in the 
emission from livestock production. ‘Straw’ includes both emissions 



(16)from NH3 treated straw and from field burning of agricultural resi-
 dues. As a result of livestock regulations (BEK, 2002) NH3 treatment 
 of straw was banned from 1 August 2004. Field burning of agricul-
 tural residues has been prohibited in Denmark since 1990 (BEK, 
 1991) and may only take place in connection with the production of 
 grass seeds on fields with repeated production and in cases of wet or 
 broken bales of straw. 


It is important to highlight the difference between the NH3 emission 
 expressed in nitrogen NH3-N and that expressed in total NH3. The 
 conversion factor is 17/14, corresponding to the difference in the 
 molecular mass. In appendix A, the trend for NH3 emission from 
 1985 to 2009 from different sources is expressed in both NH3-N and 
 NH3. 


1+HPLVVLRQIURPDQLPDOPDQXUH


In 2009, animal manure contributed approximately 86 % to the total 
 NH3 emission from agriculture. From 1985 the emission from animal 
 manure has decreased by 38 %. There are several reasons for this de-
 crease. 


Figure 2.2 shows the annual NH3 emissions from the main livestock 
 categories. Most of the emission from manure originates from the 
 production of cattle and pigs. In 1985 approximately 45 % of the 
 emission came from cattle and 45 % from pigs. In 2009, the contribu-
 tion from cattle had decreased to 36 %. The percentages of the emis-
 sion from fur farming and poultry production have increased, while 
 that from pigs is nearly unaltered (43%). 
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Figure 2.2   NH3-N emissions from animal manure contributed by the different livestock 
 categories. Other includes horses, sheep, goats and deer. 


It is noteworthy that the overall emission from pigs has decreased by 
38 % despite a considerable increase in pork production from 14.7 
million produced fattening pigs in 1985 to 20.9 million in 2009. One 
of the most important reasons for this is the improvement in feed ef-
ficiency. In 1985, the nitrogen excretion for a fattening pig was an es-
timated 5.09 kg N (Poulsen & Kristensen, 1997). In 2009, that figures 
were considerably lower at 2.94 kg N per fattening pig produced 
(Poulsen, 2010). Due to the large contribution from the pig produc-
tion, the lower level of N-excretion has a significant influence on to-



(17)The other causes of the significant decrease in the NH3 emission 
 since 1985 have to be mentioned. Figure 2.3 shows the different 
 sources, i.e. from manure handling in animal housing, manure stor-
 age, application to fields and from grazing animals. Most of the 
 emission reduction comes from manure applications to fields. A fur-
 ther emission reduction from manure storage is evident from 2005, 
 which is due to the requirement to cover manure heaps in the field. 


Regarding the field application of animal manure, considerable 
 changes have taken place in manure management. From the begin-
 ning of the 1990s slurry has increasingly been spread using trailing 
 hoses. From the late 1990s the practice of slurry injection or me-
 chanical incorporation into the soil has increased. For 2009 it is esti-
 mated that as much as 63 % for cattle and 28% for swine is applied 
 using injection/incorporation techniques (Birkmose, 2009). This de-
 velopment is a consequence of a ban on broad spreading from 1 Au-
 gust 2003 (BEK, 2002), but it is also a consequence of the general re-
 quirement to improve the utilisation of nitrogen in the manure - e.g. 


requirements to a larger part of the nitrogen in manure has to be in-
 cluded in the farmers nitrogen accounting. This has forced farmers 
 to consider the manure as a resource instead of a waste product. 
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 Figure 2.3   NH3-N emissions from animal manure, 1985 to 2009. 


The effort to further reduction of the NH3 emission could be 
 achieved by focusing on the possibilities of emission reduction tech-
 nologies in animal hosing.  


1+HPLVVLRQVIURPDJULFXOWXUDOVRLOV


In 2009, NH3 emission related to the agricultural soils contributed 15 


% to total agricultural emissions, this mainly stems from the use of 
 synthetic fertiliser and from growing crops. Figure 2.4 shows the 
 emission from synthetic fertiliser, crops and sewage sludge from 
 1985-2009. 


The Danish inventory includes the emission from growing crops, al-
though no methodological guidance is provided regarding this 



(18)emission source. The reason for the inclusion of these emissions in 
 the Danish emission inventory is that studies have demonstrated 
 that growing crops can emit NH3 (Schjoerring & Mattsson, 2001). It 
 is uncertain how much NH3 is emitted from crops under different 
 geographic and climatic conditions. Denmark does not report NH3


from crops under the NECD, because it was not included in the Dan-
 ish inventory at the time when emission ceilings were negotiated 
 and because no methodological guidance is available in the 
 EMEP/EEA Guidebook. 
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Figure 2.4   NH3-N emission from synthetic fertiliser, crops and sewage sludge, 1985-
 2009. 


Due to the requirement to improve the utilisation of nitrogen in 
 animal manure, the use of synthetic fertilisers has decreased dra-
 matically. The amount of nitrogen applied to soils from synthetic fer-
 tilisers in 2009 is almost halved compared with the amount in 1985. 


The emission from growing crops also follows a downward trend 
 due to a reduction in the agricultural area. 


 30


Farmers and livestock have an increased risk developing lung and 
 respiratory diseases through breathing in small particles. Emission 
 of PM originates from livestock housing, field operations such as soil 
 cultivation and harvesting, and the field burning of agricultural 
 residues. There are currently no estimates of emissions from field 
 operations. When resources are available, the emissions will be cal-
 culated and reported as part of the emission inventory.  


The PM emissions from the agricultural sector mainly consist of lar-
 ger particles. In the reporting under CLRTAP particulate matter is 
 reported as the total suspended particles (TSP), PM10 and PM2.5 (Par-
 ticulate matter with diameter less than 10  m and less than 2.5  m). 


TSP emission from the agricultural sector contributes 27 % to the na-
tional TSP emission in 2009 and the emission shares for PM10 and 
PM2.5 are only 17 % and 4 % respectively. Most of this comes from 
animal production. The emission from the field burning of agricul-



(19)Figure 2.5 shows the TSP emission from livestock from 1985 to 2009. 


Since 1985, the emission has varied by ±5 %, which is mainly due to 
 changes in the production of pigs. The changes in the total emission 
 for each livestock category mainly reflect the changes in the number 
 of animals, but are also effected by the distribution of subcategories 
 and changes in housing type. 


0
 2000
 4000
 6000
 8000
 10000
 12000
 14000


1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009


307


63


0
 J


Swine Cattle Poultry Other


Figure 2.5   Emission of total suspended particles (TSP) from the agricultural sector, 
 1985 to 2009. Other includes horses, sheep, goats and field burning of agricultural 
 residue. 
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Non-Methane Volatile Organic Compounds (NMVOC) is included 
 in the reporting requirements for emission inventories under both 
 CLRTAP and UNFCCC. The reason for including NMVOC in the 
 reporting requirements to the UNFCCC is that NMVOC are consid-
 ered an indirect greenhouse gas. NMVOC contribute to the forma-
 tion of tropospheric ozone, therefore it is included in the reporting 
 requirements under CLRTAP. 


An estimate of the emission from field burning of agricultural resi-
 dues and from growing crops and grass is included in the emission 
 inventory. Agriculture contributed 2.20 Gg NMVOC in 2009, corre-
 sponding to 2 % of the national NMVOC emission. From 1985 the 
 emission has decreased mainly due to the ban on field burning. Since 
 1990 a small decrease in emission has occurred due to a decrease in 
 the farmed area. 


 2WKHUDLUSROOXWDQWV


Other air pollutants include NOx, CO, SO2, heavy metals, dioxin and 
 PAH and these are estimated from the field burning of agricultural 
 residues. In 2009 NOx, CO, SO2, heavy metals and dioxin from field 
 burning contributed less than 1 % to the total national emission, 
 while PAH contributed around 2 %. From 1989 to 1990 all emissions 
 decrease significantly due to the banning of field burning. 


Emissions related to the energy consumption from agricultural 
plants and machinery, such as tractors, harvesters, etc., are not in-



(20)cluded in the agricultural sector. These are included in the energy 
 sector. 



 *UHHQKRXVHJDVHV


Table 2.2 shows the development in greenhouse gas emissions calcu-
 lated in CO2 equivalents. The overall emission in 1985 are estimated 
 to 12 887 Gg, decreasing to 9 637 Gg in 2009, corresponding to a 25 % 
 reduction. Since 1990, the base year of the Kyoto Protocol for CH4


and N2O, the emission has been reduced by 22 %. N2O has the high-
 est global warming potential of the two gases and is the largest con-
 tributor to the overall agricultural emission of greenhouse gases. 


CO2 is estimated for field burning of agricultural residues, but it is 
 not reported in the CRF because this is not possible in the present 
 format. The CO2 emission from field burning is considered biogenic 
 and would therefore not count in the national total, but would only 
 be reported as a memo item, which is also the case for CO2 emissions 
 from combustion of biomass in the energy sector. 


Table 2.2   Development in the emission of greenhouse gases, 1985-2009, measured in Gg CO2 equivalents. 


 1 985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
 CH4 4 708 4 584 4 370  4 250 4 207 4 226 4 242 4 229 4 308 4 199 4 186 4 186 4 080
 N2O  8 179 8 079 7 999  7 909 7 993 8 181 7 987 7 767 7 620 7 594 7 275 6 730 6702
 Total   12 887 12 663 12 369  12 159 12 200 12 407 12 229 11 996 11 928 11 793 11 461 10 917 10 782


&RQWLQXHG


1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
 CH4 4 115 3 975 3 982  4 104 4 050 4 015 3 946 3 907 3 883 4 028 4 017 4 090
 N2O  6 935 6 634 6 358  6 175 6 093 5 679 5 876 5 804 5 650 5 741 5 811 5 547
 Total   11 050 10 609 10 340  10 279 10 143 9 695 9 822 9 711 9 533 9 769 9 828 9 637


 &+


The CH4 emission primarily originates from livestock digestive 
 processes, with a smaller contribution from animal manure particu-
 larly slurry. Field burning of agricultural residues is also included as 
 a source of emission, but contributes less than 1 % to total agricul-
 tural CH4 emissions. 


The trend in CH4 emissions from 1985 to 2009 is presented in figure 
2.6 and shows a reduction from 224 Gg CH4 to 195 Gg CH4 in 2009, 
corresponding to 13 %. From 1985 to 2009 the emission from enteric 
fermentation has decreased mainly due to a decrease in the number 
of cattle. A contrasting development has taken place in emission 
from manure management. Structural changes in the sector have led 
to a move towards the use of slurry-based housing systems, which 
have a higher emission factor than systems with solid manure. 
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Figure 2.6   CH4 emission 1985-2009, Gg CH4 per year. 


In 2009 approximately 8 % of slurry was treated in biogas plants. The 
 biogas treatment has a lower emission of CH4 and N2O, which is in-
 cluded in the emission inventory. In 2009 the biogas treatment has 
 lowered the CH4 emission with 1.11 Gg CH4, which corresponds to 
 0.6 % of the total CH4 emission from the agricultural sector. 


 12


The emission of N2O takes place in the chemical transformation of 
 nitrogen and is therefore closely linked with the nitrogen cycle. 


There is a direct link between the estimation of the NH3 emission 
 and the estimation of the N2O emission. 


Figure 2.7 presents the trend in the emissions of N2O in the period 
 1985 to 2009 and reveals that the emission has decreased from 26.4 
 Gg N2O to 17.9 Gg N2O, which corresponds to a 32 % reduction. 


N2O is produced from a range of different sources, which are pre-
 sented in figure 2.7. The largest sources are animal manure and syn-
 thetic fertilisers applied to soil, and nitrogen leaching and run-off. 


The reduction in total N2O emissions is strongly related to a signifi-
 cant decrease in emissions from the use of synthetic fertiliser and in 
 nitrogen leaching and run-off. This development is primarily a con-
 sequence of an improved utilisation of nitrogen in animal manure. 


Despite the increasing production of pigs and poultry, the total 
amount of excreted nitrogen in manure has decreased by 15 % from 
1985 to 2009, which is due to an improved feed efficiency, especially 
for fattening pigs. A decrease in the total amount of nitrogen also 
means a decrease in N2O emissions. Another reason for reduction is 
the change from previous, more traditional, tethering systems with 
solid manure to a slurry-based system, because the N2O emission is 
lower for liquid manure than for solid manure. 
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Figure 2.7   Emission of N2O according to source, 1985-2009. 


As mentioned in the section for CH4, the biogas treatment of slurry 
also has an effect of lower N2O emission. Investigations indicate that 
biogas treated slurry applied on soil has a lower N2O emission. For 
2009, the biogas treated slurry lowered the N2O with 0.05 Gg, which 
corresponds to a 4 % reduction of the N2O emission from manure 
management in 2009.
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 'HVFULSWLRQRIWKHPRGHO,'$


A comprehensive model complex called “Integrated Database model 
 for Agricultural emissions” (IDA) is used to store input data and to 
 calculate the agricultural emissions. The emission calculation in-
 cludes greenhouse gases, NH3, PM, NMVOC and other pollutants 
 related to the field burning of agricultural residues, namely NOx, 
 CO2, CO, SO2, heavy metals, dioxin and PAH. 



 0HWKRGRORJ\


The main principle in the estimation of the emission is an activity, a, 
 multiplied with an emission factor, EF, set for each activity. The 
 overall emission is calculated as the sum of the emissions from all ac-
 tivities, see Equation 3.1. 



()  D 



(
WRWDO = ∑ •
    (Eq. 

3.1) 


Activity data for reporting in the agricultural sector could be, e.g. the 
 number of cattle. The activity data for estimating emissions in the 
 database is typically disaggregated into several different subcatego-
 ries, which for cattle, for example, are dairy cattle, calves, heifers, 
 bulls and suckling cattle and again divided into different breeds and 
 weight classes. 


The emissions are estimated on the basis of international guidelines. 


The emission calculations for the greenhouses gases are in accor-
 dance with the methods in the IPCC Guidelines (IPCC, 1997 and 
 IPCC, 2000). The calculation of air pollutant emissions are in accor-
 dance with the methodologies described in the EMEP/EEA Guide-
 book (EMEP/EEA, 2009). National values and methodology ap-
 proach are used where these better reflect the Danish agricultural 
 conditions. 



 'DWDUHIHUHQFHV±VRXUFHVRILQIRUPDWLRQ


Data input for emission calculations are collected, evaluated and dis-
 cussed in collaboration with a range of different institutions in-
 volved in agricultural research and administration. The organisa-
 tions include, for example, Statistics Denmark, the Faculty of Agri-
 cultural Sciences at Aarhus University, the Danish Agricultural Ad-
 visory Service, the Danish Environmental Protection Agency and the 
 Danish Plant Directorate. 


Table 3.1 provides an overview of the various institutions and or-
ganisations who contribute national data in connection with the 
preparation of the agricultural emissions inventory. 



(24)
 ,QWHJUDWHGGDWDEDVHPRGHOIRUDJULFXOWXUDO HPLVVLRQV


The ,ntegrated 'atabase for $gricultural emissions (IDA) model 
 complex is designed in a relational database system (MS Access). In-
 put data are stored in tables in one database called IDA_Backend 
 and the calculations are carried out as queries in another linked da-
 tabase called IDA. 


Most emissions relate to livestock production, which basically is 
 based on information on the number of animals, the distribution of 
 animals according to housing type and, finally, information on feed 


Table 3.1   Organisations contributing input data to the preparation of the emissions inventory. 


References Link Abbreviation Data / information 


National Environmental Research 
 Institute, Aarhus University 


www.dmu.dk  NERI  - data collecting 
 - emission calculations 


- quality assurance & quality control 
 - reporting 


Statistics Denmark  
 – Agricultural Statistics 


www.dst.dk  DSt  - livestock production 
 - milk yield 


- slaughtering data 
 - land use 
 - crop production 
 - crop yield 


- export of live animal - poultry 


Faculty of Agricultural Sciences, 
 Aarhus University 


www.agrsci.dk  DJF - N-excretion 
 - feeding situation 
 - animal growth 
 - N-fixing crops 
 - crop residue 
 - N-leaching/runoff 
 - NH3 emission factor 


The Danish Agricultural Advisory 
 Service 


www.lr.dk  DAAS  - housing type (until 2004) 
 - grazing situation 


- manure application time and methods 
 - estimation of extent of field burning of 
 agricultural residue 


Danish Environmental Protection 
 Agency 


www.mst.dk  EPA  - sewage sludge used as fertiliser 
 - industrial waste used as fertiliser 


The Danish Plant Directorate  www.pdir.dk  PD  - synthetic fertiliser (consumption and type) 
 - housing type (from 2005) 


- sewage sludge used as fertiliser (from 
 2005 based on The Register for fertiliza-
 tion) 


The Danish Energy Agency  www.ens.dk  DEA  - manure treated in biogas plants 



(25)IDA operates with 38 different livestock categories, according to 
 livestock type, weight class and age. These categories are subdivided 
 into different housing types and manure types, which results in 
 around 200 different combinations of livestock subcategories and 
 housing/manure types (Table 3.2). For each of these combinations, 
 information on e.g. feed intake, digestibility, nitrogen excretion and 
 CH4 conversion factors is attached. The emission is calculated from 
 each of these subcategories and then aggregated to the main live-
 stock categories. 


Table 3.2   Livestock categories and subcategories. 


Main livestock 
 categories 


Subcategories  Number of subcategories 
 divided into housing type 
 and manure type system 


Dairy cattle1 Dairy Cattle  34 


Non-dairy cattle1 Calves (<½ yr), heifers, bulls, suckling cattle   120 


Sheep Including lambs  1 


Goats  Including kids (meet, dairy and mohair)  3 
 Horses  Up to 200 kg, 200-400 kg, 400-800 kg, >800 kg  4 
 Pigs  Sows, weaners, fattening pigs  32 
 Poultry  Hens, pullets, broilers, turkeys, geese,ducks, 


ostriches, pheasants 


42 
 Other  Mink, fitchew, foxes, finraccoon, deer  7 


1) For all subcategories, large breeds and jersey cattle are separately identified. 


Data are collected from the organisations mentioned above (Table 
3.1) and processed and prepared for import to the database. This 
step is done in spreadsheets. The data are imported and stored in the 
database called “IDA-backend” which also stores the emission fac-
tors for all pollutants. All emission calculations are done in IDA, 
which is linked to IDA-backend. This means that calculations of pol-
lutants all use the same data on number of animals, crop area, 
amount of synthetic fertiliser, etc. The calculated emissions and ad-
ditional information are uploaded to the CRF and NFR templates via 
a conversion database. An overview of the data process is shown in 
figure 3.1. 



(26)Figure 3.1   Overview of the data process for calculation of agricultural emissions. 


Data collection, processing and preparing 


IDA-backend 


IDA  CRF and NFR templates 


Data collected from: 


- Statistics Denmark  


- Faculty of Agricultural Sciences 
 - The Danish Agricultural Advisory Service 
 - Danish Environmental Protection Agency 
 - The Danish Plant Directorate 


- The Danish Energy Authority 


Variables: 


Animals Number 
 Housing type distribution 


 N-excretion 
 Amount of straw 


Days on grass 
 Amount of feed 


 Amount of manure 


Crops Area 
 Synthetic fertiliser  Amount of N 


N-fixation  Amount of N 


N-leaching and run-off  Amount of N 
 Sewage sludge and industrial waste used as fertiliser  Amount of N 


Crop residue  Amount of N 


Biogas  Amount of N2O and CH4 reduced 


Histosols  Emission of N2O 


Field burning of agricultural residues  Amount of burnt staw 


All Emission factors 


Emission calculations of: 


- CH4  - NOx


- N2O - SO2


- NH3 - Heavy metals 
 - PM  - PAH 
 - NMVOC  - Dioxin 
 - CO 


- CO2


Output: 


Emissions and additional information 
required in the template. 
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 /LYHVWRFNSRSXODWLRQGDWD


In 2009 livestock production was the main source of the agricultural 
 emissions, contributing 87 % of the NH3 emission and approximately 
 65 % of the greenhouse gas emission. To calculate the agricultural 
 emission, a series of input data is used. Some values are obtained as 
 default values from guidelines and some are estimated based on na-
 tional values, which closer reflect the Danish agricultural conditions. 


Table 4.1 lists the most important national variables, and shows that 
 some variables are used to calculate both NH3 and greenhouse gas 
 emissions. These variables (number of animals, distribution of hous-
 ing types and estimated days on pasture and in housing) are de-
 scribed in this chapter. The remaining variables are included in the 
 relevant pollutant chapters. 


Table 4.1   Pollutants and variables. 


Pollutants National variables 
 NH3, N2O, CH4  - No. of animal 


- Housing type/manure type 
 - Days in housing and on pasture 
 NH3, N2O - N-excretion 


NH3 - Conditions for storage and application of manure on agricultural soil 
 CH4 - Feed intake (amount and composition) 


- Manure excretion (amount, content of dry matter and volatile solids) 



 /LYHVWRFNSRSXODWLRQ


Livestock production figures are primarily based on the agricultural 
 census from Statistics Denmark (DSt), see appendix B for numbers of 
 livestock 1985-2009. The emissions from fattening pigs and poultry 
 are based on slaughter data.  


DSt does not include farms smaller than 5 ha, therefore approximate 
 numbers for horses, goats and sheep have been added to the num-
 bers published by DSt. This procedure is in agreement with the Dan-
 ish Agricultural Advisory Service (DAAS). The largest difference in 
 animal numbers is for horses. In the agricultural census for 2009 the 
 number of horses is estimated at approximately 60 000. Including 
 horses on small farms and riding schools, however, the number rises 
 to approximately 190 000 (Clausen, E., 2008). Data on the number of 
 sheep and goats are based on the Central Livestock Register (CHR), 
 which is the central register of farms and farm animals of the Minis-
 try of Food, Agriculture and Fisheries. 


The inventory furthermore includes emissions from deer, ostrich and 
 pheasants, which are not included in DSt. Data on the number of 
 deer and ostrich are based on the CHR, while the number for pheas-
 ants is based on the expert judgement of NERI (Noer, 2009) and the 
 pheasant breeding association (Stenkjær, 2009). 


The normative figures for feed intake and N-excretion are for some 
livestock categories, e.g. dairy cattle and sows, given for a year ani-



(28)mal, which means the average number of animals, present within the 
 year. This corresponds to the definition of annual average popula-
 tion (AAP) in the EMEP/EEA Guidebook (EMEP/EEA, 2009). For 
 other livestock categories such as bull calves, bulls, weaners, fatten-
 ing pigs, pullets and heifers (1985-2002), the normative figures are 
 given per animal produced. 


Below follows a description of the how livestock production is calcu-
 lated for each animal category. 


 &DWWOH


Cattle are divided into six main categories and for each of these 
 categories distinction is made between large breeds and Jersey cattle 
 (Table 4.2). The categories are dairy cattlebull calves and heifer 
 calves, bulls more than 6 months destined for slaughter, heifers more 
 than 6 months to be used for breeding purposes, and suckling cattle. 


The categories are further divided into different housing systems 
 and manure types. 


Data regarding the distinction between large breed and Jersey cattle 
 were, until 2000, collected via special calculations from DSt. From 
 2001 the figures on Jersey cattle have been provided by DAAS, and 
 are based on registrations from yield control exercises covering ap-
 proximately 90 % of dairy cattle. 


Table 4.2   Main categories of cattle. 


Proportion of Jersey cattle (%) 
 in the total cattle population 20091


Dairy cattle  12.9 


Heifer calves, 0 - 6 months  10.3 
 Heifers, 6 months to calving  9.1 
 Bull calves, 0-6 months  2.7 
 Bulls, 6 months to slaughter age  4.3 


Suckling cattle  0 


1 Source: Flagstad, 2010. 


In order to calculate the emission, the number of animals has to be 
 quantified for each of the categories. 


'DLU\FDWWOH


The annual average population of dairy cattle is based on DSt. 


+HLIHUV


The number of heifers is calculated by two different methodologies, 
 which is due to a change in the Danish Normative System in 2003. 


This change in the calculation has no impact on emissions. 


From 1985 to 2002, the normative figures for N-excretion are given 
 per animal produced, which is described in Mikkelsen et al. (2006). 


From 2003 and onwards the normative figures are changed so the 
values of feed intake and N-excretion represent AAP (annual aver-
age population), which are based on the number of animals reported 
by DSt. 



(29)Calculation of the number of heifer calves produced (< ½ year) per 
 year: 


a) 
no
L = no
DSt⋅ (1 - J)
          (Eq. 

4.1a) 


b) 
no
J = no
DSt ⋅ J
      (Eq. 

4.1b) 


Example for 2009: 



251 135 0.103) - (1 782 150



no
L = ⋅ =


where: noDSt  = number of heifers <½ year given by DSt 
  noL = number of large breed heifers <½ year 
  noJ = number of Jersey heifers <½ year 


J  = fraction of Jersey heifers 


%XOOV


The normative figures from DJF represent feed intake and N-
 excretion per animal produced. The number of animals produced is 
 converted based on the number provided by DSt. 


Number of total bulls and bull calves produced 


Bulls are slaughtered, on average, after 382 days which means that 
 the overall production time is ½ year + 200 days. When calculating 
 the annual production of bull calves (<½ year), the population from 
 DSt is multiplied by 365/182.5 and for bulls >½ year the sum is mul-
 tiplied by 365/200, as follows: 


Number of bull calves and bulls produced per year: 


T
 no 356


no= DSt ⋅         (Eq. 


4.2) 


where:  no  = number of bulls/bull calves  


 noDSt = number of bulls/bull calves given by DSt 
 T  = production time in days (up to ½ year = 


182.5 and more than ½ year = 200)  
 Example from 2009: 


956
 234
 )
 (365/182.5
 478


117


no<½ = ⋅ ≅


959
 264
 (365/200)
 183


145


no>½ = ⋅ ≅


Distribution between large breed and Jersey 


An average slaughter weight for large breed cattle and Jersey cattle 
of 440 kg and 328 kg, respectively, is assumed in the normative fig-
ures (Poulsen et al., 2001). 
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