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tors and subsequently grouping the emission results into domestic and
international totals. The overall fuel precision in the model is around 0.8,
derived as the fuel ratio between model estimates and statistical sales.
The fuel difference is accounted for by adjusting cruising fuel use and
emissions in the model according to domestic and international cruising
fuel shares.

Prior to 2001, the calculation procedure was first to estimate each year’s
fuel use and emissions for LTO. Secondly, total cruising fuel use was
found year by year as the statistical fuel use total minus the calculated
fuel use for LTO. Lastly, the cruising fuel use was split into a domestic
and international part by using the results from a Danish city-pair emis-
sion inventory in 1998 (Winther, 2001a). For more details of this latter
fuel allocation procedure, see Winther (2001b).

Non-road working machinery and recreational craft

Prior to adjustments for deterioration effects and transient engine opera-
tions, the fuel use and emissions in year X, for a given machinery type,
engine size and engine age, are calculated as:

Eppi(X), ;s =N, HRS, ,, -P-LF,-EF, . (13)

where Egasis = fuel use/emissions in the basic situation, N = number of
engines, HRS = annual working hours, P = average rated engine size in
kW, LF = load factor, EF = fuel use/emission factor in g/kWh, i = ma-
chinery type, j = engine size, k = engine age, y = engine-size class and z =
emission level. The basic fuel use and emission factors are shown in An-
nex 2.B.9.

The deterioration factor for a given machinery type, engine size and en-
gine age in year X depends on the engine-size class (only for gasoline), y,
and the emission level, z. The deterioration factors for diesel and gaso-
line 2-stroke engines are found from:

DF (X)—K""”k .DF. . (14)
ij.k - LT ¥,z

4

where DF = deterioration factor, K = engine age, LT = lifetime, i = ma-
chinery type, j = engine size, k = engine age, y = engine-size class and z =
emission level.

For gasoline 4-stroke engines the deterioration factors are calculated as:

DF . (X)= Kiw DF. . (15
a0 =[5 DF, . (15)

The deterioration factors inserted in (14) and (15) are shown in Annex
2.B.9. No deterioration is assumed for fuel use (all fuel types) or for LPG
engine emissions and, hence, DF = 1 in these situations.



The transient factor for a given machinery type, engine size and engine
age in year X, relies only on emission level and load factor, and is de-
nominated as:

TF,,(X)=TF, (16)

Where i = machinery type, j = engine size, k = engine age and z = emis-
sion level.

The transient factors inserted in (16) are shown in Annex 2.B.9. No tran-
sient corrections are made for gasoline and LPG engines and, hence, TF;
=1 for these fuel types.

The final calculation of fuel use and emissions in year X for a given ma-
chinery type, engine size and engine age, is the product of the expres-
sions 13-16:

E(X)i,_j,k = Eb’a,ws (X)i,_j,k ’ TF(X)i,_j,k ’ (1 + DF(X);‘,],I() (17)
The evaporative hydrocarbon emissions from fuelling are calculated as:

E = FC, - EF

Evap, fueling

(18)

Evap, fueling i

Where Egvap,fueling, = hydrocarbon emissions from fuelling, i = machinery
type, FC = fuel consumption in kg, EFevapfueling = emission factor in g
NMVOC/kg fuel.

For tank evaporation, the hydrocarbon emissions are found from:

E =N,-EF

Evap,tank,i

(19)

Evap,tan ki

Where Egvap,tanki = hydrocarbon emissions from tank evaporation, N =
number of engines, i = machinery type and EFgvap fueling = €mission factor
in g NMVOC/year.

Ferries, other national sea transport and fisheries
The fuel use and emissions in year X, for ferries are calculated as:

(20)

Loy

E(X)=) N,'T-S,,-P-LF,-EF,

Where E = fuel use/emissions, N = number of round trips, T = sailing
time per round trip in hours, S = ferry share of ferry service round trips,
P = engine size in kW, LF = engine load factor, EF = fuel use/emission
factor in gZ/kWh, i = ferry service, | = ferry, k = fuel type, | = engine type,
y = engine year.

For the remaining navigation categories, the emissions are calculated us-
ing a simplified approach:
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E(X)= zEC,v,kEFk’,,y (21)

Where E = fuel use/emissions, EC = energy consumption, EF = fuel
use/emission factor in g/kg fuel, i = category (ferry boats, other national
sea, fishery, international sea), k = fuel type, | = engine type, y = average
engine year.

The emission factor inserted in (21) is found as an average of the emis-
sion factors representing the engine ages which are comprised by the av-
erage lifetime in a given calculation year, X:

year=X-LT
D EF,

EF,, == — @
k.t

Other sectors
For military and railways, the emissions are estimated with the simple
method using fuel-related emission factors and fuel use from the DEA:

E=FC-EF (23)

where E = emission, FC = fuel consumption and EF = emission factor.
The calculated emissions for other mobile sources are shown in Collec-
tER format in Annex 2.B.13 for the years 1990 and 2005 and as time-series
1985-2005 in Annex 2.B.14 (NFR format).

Fuel use balance for national sea transport

For national sea transport, bottom-up fuel use estimates are calculated
for ferries, and rough fuel use estimates are also produced for ferry
boats. For inventory years, when the fuel sum (heavy fuel oil and gas oil
treated separately) is above the reported fuel totals from the DEA statis-
tics, adjustments must then be made to the fuel use and emission results,
in order to fulfil the convention rules. The adjustments are made per fuel
type by simply scaling the results with the DEA:Calculated fuel use ratio.

Figure 3.60 shows the ratios between the calculated fuel use and the sta-
tistical fuel sales from 1990-2005, split into fuel type and as totals for na-
tional sea transport.
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Figure 3.60 The ratio between calculated fuel use and DEA fuel sales for 1990-2005

Ratio

For gas oil, the surplus of calculated fuel use is very big for the years un-
til 1992, and from 1997-1999; only for the years 2002, 2003 and 2005 the
calculated gas oil fuel total becomes lower than statistical sales. For
heavy fuel, only the years 1994-1996 show a surplus of calculated fuel,
and from 1998 onwards the calculated fuel use is significantly lower than
statistical sales. In terms of total fuel use, the calculated fuel use surplus
tends to increase until 1998, followed by a decreasing trend up to today’s
situation.

There are many potential reasons for the fuel use differences. From the
fuel supplier’s side, errors such as sector misallocation or incorrect fuel
type descriptions may cause disturbances in the fuel balance, and gen-
eral calculation uncertainties may bring a certain displacement in the es-
timated fuel use trend. At the moment it is, however, not possible to de-
termine what are the exact reasons for the very fluctuating fuel use ra-
tios. A more thorough discussion is given in Winther (2007b).

Non road machinery: DEA statistics and NERI estimates

For diesel and LPG, the non-road fuel use estimated by NERI is partly
covered by the fuel-use amounts in the following DEA sectors: agricul-
ture and forestry, market gardening, and building and construction. The
remaining quantity of non-road diesel and LPG is taken from the DEA
industry sector.

For gasoline, the DEA residential sector, together with the DEA sectors
mentioned for diesel and LPG, contribute to the non-road fuel use total.
In addition, a certain amount of fuel from road transport is needed to
reach the fuel-use goal.

The amount of diesel and LPG in DEA industry not being used by non-
road machinery is included in the sectors, “Combustion in manufactur-
ing industry” (0301) and “Non-industrial combustion plants” (0203) in
the Danish emission inventory.
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For recreational craft, the calculated fuel-use totals are subsequently sub-
tracted from the DEA fishery (diesel) and road transport (gasoline) sec-
tors.

Bunkers

The distinction between domestic and international emissions from avia-
tion and navigation should be in accordance with the Revised 1996 IPCC
Guidelines for National Greenhouse Gas Inventories. For the national
emission inventory this, in principle, means that fuel sold (and associ-
ated emissions) for flights/sea transportation starting from a sea-
port/airport in the Kingdom of Denmark, with destinations inside or
outside the Kingdom of Denmark, are regarded as domestic or interna-
tional, respectively.

Aviation

For aviation, the emissions associated with flights inside the Kingdom of
Denmark are counted as domestic. The flights from Denmark to
Greenland and the Faroe Islands are classified as domestic flights in the
inventory background data. In Greenland and the Faroe Islands, the jet
fuel sold is treated as domestic. This decision can be considered sensible
since in the real world almost no fuel is bunkered in Greenland/Faroe Is-
lands by flights other than those going to Denmark.

Navigation

In DEA statistics, the domestic fuel total consists of fuel sold to Danish
ferries and other ships sailing between two Danish ports. The DEA in-
ternational fuel total consists of the fuel sold in Denmark to international
ferries, international warships, other ships with foreign destinations,
transport to Greenland and the Faroe Islands, tank vessels and foreign
fishing boats.

In Greenland, all marine fuel sales are treated as domestic. In the Faroe
Islands, fuel sold in Faroese ports for Faroese fishing vessels and other
Faroese ships is treated as domestic. The fuel sold to Faroese ships bun-
kering outside Faroese waters and the fuel sold to foreign ships in
Faroese ports or outside Faroese waters is classified as international
(Lastein and Winther, 2003).

To comply with the IPCC classification rules, the fuel used by vessels
sailing to Greenland and the Faroe Islands should form part of the do-
mestic total. To improve the fuel data quality for Greenland and the
Faroe Islands, the fuel sales should be grouped according to vessel desti-
nation and IPCC classifications subsequently be made.

Conclusively, the domestic/international fuel split (and associated emis-
sions) for navigation is not determined with the same precision as for
aviation. It is considered, however, that the potential of incorrectly allo-
cated fuel quantities is only a small part of the total fuel sold for naviga-
tional purposes in the Kingdom of Denmark.



3.3.5 Uncertainties and time-series consistency

Emission uncertainty estimates are made for road transport and other
mobile sources using the guidelines formulated in the Good Practice
Guidance and Uncertainty Management in National Greenhouse Gas In-
ventories (IPCC, 2000). However, for TSP the latter source indicates no
uncertainty factor and, instead, this factor is based on own judgement.

The activity data uncertainty factor is assumed to be 2 and 10% for road
transport and other mobile sources, respectively, based on own judge-

ment.

The uncertainty estimates should be regarded as preliminary only and
may be subject to changes in future inventory documentation. The calcu-
lations are shown in Annex 2.B.15 for all emission components.

Table 3.32 Uncertainties for activity data, emission factors and total emissions in 2004

and as a trend

Emission factor
uncertainties [%]

Emission

uncertainties [%]

Pollutant Road Other Overall 2004 Trend
SO, 50 50 50 5
NOy 50 100 51 8
NMVOC 50 100 49 10
CO 50 100 52 15
NH; 1000 1000 997 3475
TSP 50 100 47 9
PMso 50 100 49 7
PM_ 5 50 100 51 6
Arsenic 1000 1000 1000 7
Cadmium 1000 1000 788 143
Chromium 1000 1000 788 149
Copper 1000 1000 823 79
Mercury 1000 1000 1000 11
Nickel 1000 1000 837 78
Lead 1000 1000 964 18
Selenium 1000 1000 742 147
Zinc 1000 1000 807 101
Dioxins 1000 1000 707 139
Flouranthene 1000 1000 783 21
Benzo(b) flou-

ranthene 1000 1000 780 36
Benzo(k) flou-

ranthene 1000 1000 822 67
Benzo(a) pyrene 1000 1000 853 40
Benzo(g,h,i) 1000 1000

perylene 788 29
indeno(1,2,3-c,d) 1000 1000

pyrene 771 123

As regards time-series consistency, background flight data cannot be
made available on a city-pair level from 2000 or earlier. However, aided
by LTO/aircraft statistics for these years and the use of proper assump-
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tions, a sound level of consistency is still obtained in this part of the
transport inventory.

The time-series of emissions for mobile machinery in the agriculture, for-
estry, industry, household and gardening (residential), and inland wa-
terways (part of navigation) sectors are less certain than time-series for
other sectors, since DEA statistical figures do not explicitly provide fuel
use information for working equipment and machinery.

3.3.6 Quality assurance/quality control (QA/QC)

It is the intention to publish annually a sector report for road transport
and other mobile sources. The last sector report concerned the 2004 in-
ventory.

The QA/QC descriptions of the Danish emission inventories for trans-
port are given in lllerup et al. (2007).

3.3.7 Recalculations

The following recalculations and improvements of the emission invento-
ries have been made since the emission reporting in 2006.

Road transport

A revision of the 1985-2004 time-series of emissions has been made,
based on revised mileage data from the Danish Road Directorate (de-
rived from the Danish vehicle inspection and maintenance programme)
and updated emission factors from the latest version of the European
road transport emission model - COPERT IV.

Military
A revision of the 1985-2004 time-series of emission factors has been made
based on new aggregated emission factors from road transport.

Railways
No changes have been made.

Inland waterways

A fuel use error has been corrected for the years 1985-2003, giving fuel
use and emission decreases for this time period. This affects also the
fishery category, since more fuel now appears in fisheries.

National sea transport and fisheries

A new research project carried out by Winther (2007b) has given new
knowledge, and the following changes have therefore been made to the
national inventory: 1) Updated emission factors has given some changes
in the total emissions from 1985-2004, 2) The residual fuel use amount
from the fishery sector in the national energy statistics, has been moved
to the national sea transport category, resulting in fuel use and emission
changes 1985-2004.



Less diesel fuel is subtracted from fisheries, due to an error correction for
inland waterways. This results in fuel use and emission changes 1985-
2003.

Aviation
No changes have been made.

Agriculture
Updated stock information for tractors and harvesters 2001-2004, has
given a fuel use and emissions increase for these years.

3.3.8 Improvements

Heavy metals and POPs
It is the intention this year to update the heavy metal and POP emission
inventories for mobile sources.

QA/QC

Based on the improved inventory QA/QC description for mobile
sources, a list of work is planned to be carried out this year. For more in-
formation, please refer to lllerup et al., (2007).
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3.4 Fugitive emissions (CRF sector 1B)

3.4.1 Source category description

Fugitive emission from solid fuels, CRF sector 1B1c
Coal mining is not occurring in Denmark and no emissions are estimated
for solid fuel.

Fugitive emissions from oil (1B2a)
The category “Fugitive emissions from oil (1B2a)” includes emissions
from offshore activities and refineries.

Fugitive emissions from natural gas, transmission and distribution (CRF sector
1B2b)

In the year 2005, the length of transmission pipelines excluding offshore
pipeline was 860 km. The length of distribution pipelines was 18682 km
in 2005 (cast iron 0 km, steel 1868 km, plastics 16814 km). Two natural
gas storage facilities are in operation in Denmark. In 2005 the gas input
was 530 Mm3 and the withdrawal was 555 Mm3. Emission from gas stor-
age is included in transmission.

Flaring, gas (CRF sector 1B2c, Flaring ii)

Offshore flaring of natural gas is the main source of emissions in the Fu-
gitive emission sector. Flaring in gas treatment and gas storage plants
are, however, also included in the sector.

3.4.2 Methodological issues

Fugitive emissions from oil (1B2a)

Offshore activities

Emissions from offshore activities include emissions from extraction of
oil and gas, onshore oil tanks, onshore and offshore loading of ships.

The total emission can then be expressed as:

E E +F, +F

total — Leextraction ship oil tan ks ( 3.5.1 )

Fugitive emissions from extraction
According to the EMEP/CORINAIR Guidebook (EMEP/CORINAIR,

2004) the total fugitive emissions of VOC from extraction can be esti-
mated by means of Equation 3.5.2.

(3.5.2)



E =40.2-N, +1.1.10? P, +8.5-10°-P,

VOC, fugitive oil
where Np is the number of platforms, Pgas (106 Nm3) is the production of

gas and Py (108 tons) is the production of oil.

It is assumed that the VOC contains 75% methane and 25% NMVOC,
meaning that the total emission of CHs and NMVOC for extraction of oil
and gas can be calculated as:

E extraction, NMVOC = E Sfugitive, NMVOC + E faring ,NMVOC
— -2 -6
=0.25(40.2- N, +1.1-1072 P, +8.5-10°-P, )+ F, - EMF .. onoc
(3.5.3)
extraction,CH 4 = Eﬁlgilive;(,'H4 + Eﬂarmg,(,‘H4

= 0.75(40.2- N, +1.1-107 P, +8.5-10° - P, )+ F - EMF ;.. s

(3.5.4)

In Denmark, the venting of gas is assumed to be negligible because con-
trolled venting enters the gas flare system.

Ships

This source includes the transfer of oil from storage tanks or directly
from the well into a ship. This activity also includes losses during trans-
port. When oil is loaded hydrocarbon vapour will be displaced by oil
and new vapour will be formed, both leading to emissions. The emis-
sions from ships are calculated by equation 3.5.5.

(355 MF,, ‘L

ships oil
where EMFships is the emission factor for loading of ships off-shore and
on-shore and Loi is the amount of oil loaded.

Oil tanks
The emissions from storage of raw oil are calculated by equation 3.5.6.

'MF,

(356) tan ks T

oil
where EMFunks is the emission factor for storage of raw oil in tanks.

Activity data

Activity data used in the calculations of the emissions is shown in Table
3.33 and is based on information from the Danish Energy Authority
(Danish Energy Authority, 2006a and 2006b) or from the green accounts
from the Danish gas transmission company DONG (DONG, 2006).
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Table 3.33 Activity data for 2005

Activity Symbols Year
2005 Ref.

Number of platforms Np 50 Danish Energy Agency (2006a)
Produced gas (10°Nm3) Pgas 11523 Danish Energy Agency (2006a)
Produced oil(10°m3) Poilvol 21886 Danish Energy Agency (2006a)
Produced oil (10°%on) Poi 18822 Danish Energy Agency (2006a)
Oil loaded (10°m3) Loil off-shore 3880 Danish Energy Agency (2006a)
Oil loaded (10°%on) Loil off-shore 3337 Danish Energy Agency (2006a)
Qil loaded (10°m3) Lol on-shore 14500 DONG (2006)
Qil loaded (10%on) Loil on-shore 12470 DONG (2006)

Mass weight raw oil = 0.86 ton/m®

In the EMEP/CORINAIR Guidebook (EMEP/CORINAIR, 2004) emis-
sion factors for different countries are given. In the Danish emission in-
ventory the Norwegian emission factors are used (EMEP/CORINAIR,
2004, Table 3.30). The emissions for storage of oil are given in the green
accounts from DONG for 2005 (DONG, 2006) and the emission factor is
calculated on the basis of the amount of oil transported in pipeline.

Table 3.34 Emission factors.

CH; NMVOC Unit Reference.
Ships off-shore 0.00005 0.001 Fraction of loaded = EMEP/CORINAIR, 2004
Ships on-shore 0.000002 0.0002 Fraction of loaded EMEP/CORINAIR, 2004
Oil tanks 113 249 kg/10°m? DONG, 2006

From the activity data in Table 3.33 and the emission factors in Table 3.34
the emissions for NMVOC and CHg are calculated in Table 3.35.

Table 3.35 CH, and NMVOC emissions for 2005 (tonnes)

CH, NMVOC
Extraction (fugitive) 1594 531
Oil tanks 2045 4507
Offshore loading of ships 167 3337
Onshore loading of ships 25 2494
Total 3831 10869

Oil Refineries

Petroleum products processing: in the production process at refineries, a
part of the volatile hydrocarbons (VOC) is emitted to the atmosphere. It
is assumed that CH4 accounts for 1% and NMVOC for 99% of the emis-
sions. The VOC emissions from the petroleum refinery processes cover
non-combustion emissions from feedstock handling/storage, petroleum
products processing, product storage/handling and flaring. SO is also
emitted from the non-combustion processes and includes emissions from
products processing and sulphur recovery plants. The emission calcula-
tions are based on information from the Danish refineries and the energy
statistics.



Table 3.36 Oil Refineries. Processed crude oil, emissions and emission factors

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Crude oil (1000 Mg) 7263 7798 8232 8356 8910 9802 10522 7910 7906 8106 8406 8284 8045 8350 8264 8264
CH4 emission (Mg) 37 39 42 43 57 48 62 45 45 45 50 44 43 37 613 613
CH4 emission factor (g/Mg) 5 5 5 5 6 5 6 6 6 6 6 5 5 4 74 74
NMVOC emission (Mg) 3667 3937 4203 4219 5855 4546 5875 4547 4558 4558 4983 4338 4302 3708 3732 3732
NMVOC emission factor 505 505 511 505 657 464 558 575 577 562 593 524 535 444 451 452
(g/Mg)

Fugitive emissions from natural gas, transmission and distribution (CRF sector
1B2b)

Inventories of NMVOC emission from gas transmission and distribution
are based on annual environmental reports from DONG and on a Danish
emission inventory for the years 1999-2005 reported by the Danish gas
sector (transmission and distribution companies) (Karll 2003, Karll 2005
& Oertenblad 2006). The inventories estimated by the Danish gas sector
are based on the work carried out by Marcogas and the International Gas
Union (IGU).

In the 1990-1999 inventories, fugitive NMVOC emissions from storage
facilities and the gas treatment plant are included in the emission factor
for transmission. In the 2000-2005, emission inventories transmission, gas
storage and gas treatment are registered separately and added.

Gas transmission data are shown in Table 3.37. Emissions from gas stor-
age facilities and venting in the gas treatment plant are shown in Table
3.38. Gas distribution data are shown in Table 3.39.

Table 3.37 NMVOC emission from natural gas transmission
TRANSMISSION 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Transmission rate 1) 2739 3496 3616 3992 4321 4689 5705 6956 6641 6795 7079 7289 7287 7275 7384 7600
Mm?

NMVOC emission 2) 94 28 57 46 163 56 72 45 56 26 48 24 27 27 45
Mg
NMVOC IEF kg/Mm3 3) 27.01827.018 7.82114.22010.66534.83910.976 10.300 6.776 8.241 3.704 6.567 3.263 3.688 3.656 5.893

1) In 1990-1997 transmission rates refer to Danish energy statistics, in 1998 the transmission rate refers to the annual environ-
mental report of DONG, in 1999-2005 emissions refer to DONG/Danish Gas Technology Centre (Karll 2003, Karll 2005, Oerten-
blad 2006)

2) In 1991-95 NMVOC emissions are based on the annual environmental report from DONG for the year 1995. In 1996-99 the
NMVOC emission refers to the annual environmental reports from DONG for the years 1996-99. In 2000-2005 the NMVOC
emission refers to DONG/Danish Gas Technology Centre (Karll 2003, Karll 2005, Oertenblad 2006)

3) IEF=Emission/transmission rate. In 1990 the IEF is assumed to be the same as in 1991.

Table 3.38 Additional fugitive NMVOC emissions from natural gas storage facilities and
venting in gas treatment plant (Mg)

2000 2001 2002 2003 2004 2005
Gas treatment plant 2.27 0 0 0 0 0
Gas storage facilities 23.05 21.96 20.00 19 24 18
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Table 3.39 NMVOC emission from natural gas distribution

DISTRIBUTION 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

2000

2001

20022003 2004%

2005%

Distribution rate Mm® 1 ) 1574 1814 1921 2185 2362 2758 3254 3276 3403 3297
NMVOC emission Mg 2) 13.11
NMVOC IEF kg/Mm3 3) 444 444 444 444 444 444 444 444 444 398

3181
14.94
4.70

3675
17.07
4.65

3420
11.86
3.47

3420 3248
11.86 45.07
3.47 13.88

2983
18.77
6.292

1) In 1999-2005 distribution rates refer to DONG / Danish Gas Technology Centre / Danish gas distribution companies (Karll 2005,

Oertenblad 2006), In 1990-98 distribution rates are estimated from the Danish energy statistics. Distribution rates are assumed to equal

total Danish consumption rate minus the consumption rates of sectors that receive the gas at high pressure. The following consumers
are assumed to receive high pressure gas: town gas production companies, production platforms and power plants.

2) Danish Gas Technology Centre / DONG/ Danish gas distribution companies (Karll 2003)

3) In the years 1999-2005 IEF=NMVOC emission / distribution rate. In 1990-1998 an average of the IEF in 1999-2001 is assumed.

)
4) Data from Naturgas Fyn not included (data not complete)
5) Assumed same emission as in 2002

Flaring, gas (CRF sector 1B2c, Flaring ii)

Emissions from offshore flaring are estimated based on data for fuel con-
sumption from the Danish energy statistics (DEA, 2006b) and emission
factors for flaring. The emissions from flaring in gas treatment and gas
storage plants are estimated based on the annual environmental reports

of the plants.

The fuel consumption rates are shown in Table 3.40. Flaring rates in gas
treatment and gas storage plants are not available until 1995.

The emission factors for offshore flaring are shown in Table 3.41. The
CO; emission factor follows the same time-series as natural gas com-
busted in stationary combustion plants. All other emission factors are

constant in 1990-2005.

The time-series for the CO, emission from gas flaring fluctuates due to

the fluctuation of offshore flaring rates as shown in Figure 3.61.

Table 3.40 Natural gas flaring rate (DEA 2006b)

Year Flaring, offshore [TJ]  Gas treatment and gas storage [TJ]

1990 4218
1991 8692
1992 8977
1993 7819
1994 7709
1995 5964
1996 6595
1997 9629
1998 7053
1999 15509
2000 10023
2001 10806
2002 8901
2003 9333
2004 10299
2005 7269

43
30
35
29
32
29
36
44
33
25
42
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Table 3.41 Emission factors for offshore flaring of natural gas

Pollutant Emission factor

CO; 56,96 kg/GJ

CH,4 5 o/GJ

N2O 1 o/GJ

SO, 0,3 a/GJ

NOx 300 a/GJ

NMVOC 3 a/GJ

CcO 25 o/GJ
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Figure 3.61 Time-series for off shore gas flaring and the CO, emission in sector 1B2c¢ ii
Flaring, gas

The fuel consumption for offshore flaring was higher in 1999 due to the
opening of new gas fields.

Besides 1999, consumption has been fairly stable for a number of years.
The decrease from 15455 TJ in 1999 to 7311 TJ in 2005 represents a de-
crease of around 50%.

3.4.3 Uncertainties and time-series consistency

Uncertainty estimates are included in the uncertainty estimate for sta-
tionary combustion plants.

3.4.4 Source-specific QA/QC and verification

No source-specific QA/QC and verification have been performed.

3.4.5 Source-specific recalculations

No recalculations have been carried out.

3.4.6 Source-specific planned improvements

No source-specific improvements are planned.
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Oertenblad, M. 2006, personal communication, e-mail 2006, Danish Gas
Technology Centre

Pulles, T. & Aardenne, J.v. 2001: Good Practice Guidance for LRTAP
Emission Inventories, 7. November 2001. Available at http://reports.ee-
a.eu.int/EMEPCORINAIR4/en/BGPG.pdf (15-04-2007).
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4 Industrial processes (NFR sector 2)

4.1 Overview of the sector

The present sector “Industrial processes” (NFR sector 2) comprises com-
bustion processes combined with “process emissions” (combustion in
manufacturing industry - processes with contact) as well as process
emissions without any contact with energy-related emissions. This
means that the energy source may be power from central power plants
or process heat from e.g. natural gas-fired boilers, turbines or stationary
engines. The presentation is outlined as follows:

e Mineral products (NFR 2A) including “Other” (NFR 1A2f)

e Chemical industry (NFR 2B)

e Metal production (NFR 2C) including “lron and steel” (NFR 1A2a)
and “Non-ferrous metals” (NFR 1A2b)

e Other production (NFR 2D)

The industrial processes included in the Danish inventory are those in
large companies, e.g. cement factories or steelworks, as well as a number
of smaller companies e.g. iron foundries. Furthermore, asphalt concrete
plants are to be included in future.

Table 4.1 presents a survey of sources and groups of pollutants included
in the present survey as well as pollutants and sources that will be in-
cluded in the survey. Explanations to the abbreviations are given below
the table.

Table 4.1 indicates that some groups of substances are planned to be in-
cluded in the inventory. In addition to the indicated groups of sub-
stances some groups do not include all relevant substances or the time-
series are not complete. Detailed information on this subject can be
found in the following table with an indication of which substances that
will be completed/improved in the inventory.



Table 4.1 Survey of industrial sector with SNAP-code and NFR-code included in the Danish inventory.

Industrial sector SNAP NFR Energy  SOx/NOx/ NMVOC/ TSP/ HM  POP
NHs CcO PMyop2.5
Grey iron foundries 030303 1A2a ie + + X X -
Secondary lead production 030307 1A2b ie - - X X -
Secondary zinc production 030308 1A2b ie - - X + -
Secondary aluminium production 030310 1A2b ie - - X + -
Cement 030311 1A2f y X X X X -
Lime (incl. iron, steel and paper pulp 030312 1A2f ie + - X + -
industry)
Asphalt concrete plants 030313 1A2f + + + + - +/?
Container glass 030315 1A2f X X X -
Glass wool 030316 1A2f ie X/+ - X + -
Mineral wool 030318 1A2f y X/+ X X + -
Paper mill industry 030321 1A2d y - + X - -
Electric arc furnace 040207 2C1 - - - X +/?
Allied metal manufacturing 040306 2C5 - - - + -
Sulphuric acid 040401 2B5 - X - - - -
Nitric acid 040402 2B2 y X - X - -
NPK-fertiliser 040407 2B5 - X ie X ie -
Other (catalysts) 040416 2B5 y X - X -/? -
Pesticide production 040525 2B5 - + X + - +/?
Bread 040605 2D2 - - + - -
Beer 040607 2D2 - - X - -
Roof covering with asphalt materials 040610 2A5 - - X - - +/?
Road paving with asphalt 040611 2A6 - + X - - +?
Cement (decarbonising) 040612 2A1 - ie - - + -
Glass (decarbonising) 040613 2A7 - ie - - + -
Lime (decarbonising) 040614 2A2 - ie - - + -
Other (sugar, chemical ingredients, 040617 2A7 y X/+ X X - +/?
slaughterhouse waste)
Limestone and dolomite use 040618 2A3 - ie + ie ie -

x Included in the present inventory.
+ Will be included.

- Not included/not relevant.

ie Included elsewhere.

y Included in the present inventory.

4.2 Mineral products (NFR 1A2f/2A)

4.2.1 Source category description

The sub-sector Mineral products (NFR 1A2f/2A) cover the following
processes:

¢ Production of cement (SNAP 030311/040612)

¢ Production of lime (quicklime) (SNAP 030312/040614)

e Production of container glass/glass wool (SNAP 030315/030316-
/040613)

¢ Production of mineral wool (SNAP 030318)

¢ Limestone and dolomite use (SNAP 040618)

¢ Roof covering with asphalt (SNAP 040610)

e Road paving with asphalt (SNAP 040611)
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e Other (SNAP 040617; Danisco sugar/Danisco ingredients/ Slaugh-
terhouse waste)

The time-series for emission of acidifying substances, heavy metals,
NMVOC and particulate matter from Mineral products (NFR 1A2f/2A)
are presented in Table 4.2 and Table 4.3.

The emission of SO2, NOx and CO from the production of cement de-
pends on raw materials, fuels and combustion conditions. Emissions of
NOx are, among other things, a consequence of high temperature proc-
esses and the emission shows only minor fluctuations. The emission fol-
lows the activity, with a minor decrease in recent years. The emission of
SO; depends on the S-content in fuels and raw materials. However, the
process acts as a sink for acidifying gases due to the alkaline conditions
in the rotary kiln. The emission of CO displays significant fluctuations
that cannot be explained by known factors.

The emission of NOx from production of container glass is increasing
slightly, whereas the emission of CO is decreasing in the period 1997-
2005. In the same period of time, the activity is nearly constant. Emis-
sions of both substances are related to combustion/process conditions
and will be investigated further. Emissions of the heavy metals lead, se-
lenium and zinc are related to the raw materials used. Recycled glass
constitutes a considerable part of raw materials and, therefore, the qual-
ity/purity of the glass is a determining factor. Emission of lead shows a
decreasing trend that is in accordance with the attempts to avoid lead in
glass as well as in wine bottle seals.

Production of glass wool is expected to result in emission of approxi-
mately the same pollutants as in production of container glass. NHs
shows a decreasing trend from 1996-2004 as can be verified by the de-
creasing emission per amount produced. Potential emissions of NOx, CO
and heavy metals are planned to be investigated and included in the in-
ventory.



Table 4.2 Time-series for pollutants from Mineral products 1A2f (combustion/process emissions; metals: kg and other pollut-

ants: tonnes).

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
SO, 2128 2 467 2 655 2 680 2 682 2706 2804 3631 3372 2186
NOx 6 740 8 255 9116 9237 9230 9569 10138 10306 10478 9583
NMVOC 98 116 124 125 131 136 132 136 129 113
NH; 489 489 489 489 489 489 475 561 552 560
CcO 12260 12601 12795 12822 12820 12848 12462 13506 16993 15353
TSP
PMio
PM.s
As 52.1 78.1 79.1 78.6 80.9 82.1 68.0 57.4 58.3 54.5
Cd 35.9 61.7 59.0 57.9 60.8 58.0 38.0 19.1 19.4 18.0
Cr 410 783 718 697 743 697 362 29.3 29.9 28.0
Cu 115 211 196 191 203 194 111 30.1 30.7 28.8
Hg 105 136 147 149 150 152 154 165 167 155
Ni 344 644 595 579 616 582 318 58.5 59.5 55.7
Pb 1180 1101 950 879 879 1540 730 205 452 594
Se 339 316 276 255 271 464 227 290 91.8 236
Zn 245 243 227 211 217 292 200 171 187 184

2000 2001 2002 2003 2004 2005

SO, 1692 2 156 1431 1470 1929 1827
NOy 10451 10300 9417 8 624 8 685 8 660
NMVOC 118 108 107 89 102 103
NHs 497 444 358 334 363 335
CO 15302 13545 10340 9574 10754 9927
TSP 532 567 446 429 422 368
PMio 467 497 386 373 369 321
PM; 5 270 287 235 234 232 203
As 55.3 56.0 56.5 53.1 59.8 56.5
Cd 18.4 18.7 19.0 17.9 20.1 19.0
Cr 28.3 28.6 28.8 271 30.5 28.8
Cu 291 294 29.4 27.6 31.1 29.4
Hg 158 161 163 154 173 164
Ni 56.4 57.1 57.4 54.0 60.8 57.4
Pb 362 204 204 302 470 179
Se 359 290 290 252 245 126
Zn 198 167 168 160 177 168
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Table 4.3 Time-series for pollutants from Mineral products 2A (process emissions; tonnes).

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
CH, 16.0 16.0 16.8 17.5 15.8 16.3 16.3 16.3 14.3 15.5
co 241 241 252 263 237 245 245 245 215 234
NMVOC 654 655 656 658 654 655 656 648 654 617
NHs 24.2 324 32.2 35.1 32.1 31.5 31.2 30.0 31.4 36.3
TSP
PMio
PMa.s

2000 2001 2002 2003 2004 2005
CH, 14.8 13.0 13.0 13.3 18.5 18.2
co 223 196 196 199 278 275
NMVOC 594 565 563 561 578 576
NHs 34.0 31.9 47.9 157 167 132
TSP 191 189 172 ! ! !
PM1o 47.8 47.3 43.0 ! ! !
PMas 7.64 7.56 6.88 - - -

1. Emission of TSP, PMyo, PM. 5 are related to energy consumption from 2003.
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The emission of NMVOC from production of chemical ingredients
shows a decreasing trend and can probably be explained by the decreas-
ing emission per amount produced.

4.2.2 Methodological issues

The emissions of SOz, NOx, CO and TSP from the production of cement
are measured yearly from 1997 to 2005 (TSP from 2000 to 2005). PM1o and
PM:s are estimated from the distribution between TSP, PMyo and PM3s
from CEPMEIP (2003). For the years 1990-1996, the emission has been es-
timated from the production of cement, expressed as TCE (total cement
equivalents?#), and emission factors from the company Aalborg Portland
(Aalborg Portland, 2006). The emissions of heavy metals are measured in
1997 (lllerup et al., 1999) and estimated for the other years from emission
factors (based on the measurements) and TCE. The activity has varied
from 1.6 million tonne TCE in 1990 to 2.7 million tonne TCE in 2005.

The emission of NOx, CO, TSP, lead, selenium, and zinc from production
of container glass is measured yearly from 1997 to 2005 (TSP from 2000
to 2005) (Rexam Glass Holmegaard, 2006). PM1o and PM;s are estimated
from the distribution between TSP, PMy and PMys from CEPMEIP
(2003). For 1990 to 1996, emissions of arsenic, cadmium, chromium, cop-
per, mercury and nickel are estimated from standard emission factors
and activity data. For 1997 to 2004, the energy related emissions are es-
timated from emission factors and the actual energy consumption. This
change in methodology results in inconsistency in the emission trend
that cannot be explained by natural factors. Emission factors for lead, se-
lenium, and zinc from 1990 to 1996 are estimated by interpolation from
the 1990 and 1997 figures (lllerup et al., 1999).

4 TCE (total cement equivalent) express the total amount of cement produced for sale
and the theoretical amount of cement from the produced amount of clinker for sale.



The emission of NH3 and TSP from the production of glass wool has
been measured yearly from 1996 to 2005 (TSP from 2000 to 2005) (Saint-
Gobain Isover, 2006). PM1o and PM;s are estimated from the distribution
between TSP, PMiy and PM2s from CEPMEIP (2003). The activity has
varied between 33,600 and 37,295 tonnes glass wool from 1996 to 2005
and, during the same period, the emission decreased from approxi-
mately 300 to 116 tonne NHs.

The emission of NMVOC from production of chemical ingredients has
been measured from 1996 to 2005 (Danisco Grindsted, 2006). The emis-
sion has decreased from 100 to 15 tonnes NMVOC in this period. How-
ever, no explanation can be given on these conditions, as information on
activity is not available.

The emissions from asphalt roofing and road paving have been esti-
mated from production statistics compiled by Statistics Denmark and de-
fault emission factors presented by IPCC/Corinair. The default emission
factors are presented in Table 4.4.

Table 4.4 Default emission factors for application of asphalt products.
Road paving with ~ Use of cutback Asphalt

asphalt asphalt Roofing
CH4 g/tonnes 5 0 0
CcO g/tonnes 75 0 10
NMVOC g/tonnes 15 64 935 80
Carbon content fraction of
NMVOC % 0.667 0.667 0.8

4.2.3 Uncertainties and time-series consistency

The time-series are presented in Table 4.2 and Table 4.3. The methodolo-
gies applied for the different sources within Mineral products are consid-
ered to be consistent either as measurements or emission factors based
on the measurements. However, not all the sources are considered to be
complete regarding pollutants and these are expected to be completed in
the next inventory, either by use of company-specific information or by
application of general emission factors.

The time-series for emissions from production of cement are based on
measurements combined with emissions factors based on the measure-
ments.

4.2.4 Source-specific QA/QC and verification

The emission factors have been verified and the order of magnitude con-
firmed by comparison with  standard emission  factors
(EMEP/CORINAIR, 2004; CEPMEIP, 2003). Detailed discussion of
QA/QC can be found in Illerup et al. (2006).

4.2.5 Source-specific recalculations

The inventory has been completed with emissions from roof covering
with asphalt and road paving with asphalt.
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4.2.6 Source-specific planned improvements

The inventory will be improved regarding coverage of pollutants in-
cluded. Especially glass wool, mineral wool, chemical ingredients and
production of sugar will be extended. The incomplete time-series will
also be completed. The inconsistent methodology applied for emission of
As, Cd, Cr, Cu, Hg, and Ni from glass production will be improved.

4.3 Chemical industry (NFR 2B)

4.3.1 Source category description

The sub-sector Chemical industry (NFR 2B) covers the following proc-
esses:

e Production of nitric acid/fertiliser (SNAP 040402/040407)
¢ Production of catalysts/fertilisers (SNAP 040416/040407)
e Production of pesticides (SNAP 040525)

The time-series for emission of acidifying substances, NMVOC and par-
ticulate matter from Chemical industry (NFR 2B) are presented in Table
4.5,

Table 4.5 Time-series for pollutants from Chemical industry 2B (tonnes).

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
S0, 636 496 600 461 514 406 247 397 408 487
NOy 842 778 691 619 636 648 543 611 472 509
NHs 25.0 35.0 48.0 62.0 104 75.0 75.0 50.0 25.0 33.0
NMVOC 390 150 62.0 40.0 54.0 57.0 113 44.0 40.0 41.0
TSP
PMio
PMzs

2000 2001 2002 2003 2004 2005

S0, 421 449 436 321 340 402
NOy 447 422 419 475 302 30
NHs 27.0 101 93.0 113 101 79.0
NMVOC 29.0 29.0 26.7 25.4 31.4 25.7
TSP 362 346 310 323 192 .
PMyo 290 277 248 258 153 1
PMas 217 208 186 194 115 -

1. Nitric acid production ceased in 2004.
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The time-series for SO, follows the amount of sulphuric acid produced,
i.e. the fluctuation follows the activity until the activity ceased in 1997.
The same is the case for NOx from production of nitric acid; however,
the emission of NOx per amount produced is decreasing from 1994 to
2004. The emission of NH3 does not follow the activity as it appears from
the fluctuation in the emission per amount produced. The production of
nitric acid and fertiliser stopped in the middle of 2004.



The emission of NOx from production of catalysts/fertilisers decreases
from 1996 to 2005, whereas the emission of NH3 increases. Fluctuations
and the increase in the “emission factor” can explain the increase in NHs
emission.

The emission of NMVOC from production of pesticides reduced signifi-
cantly from 1990 to 2005. The decrease can probably be explained by in-
troduction of flue gas cleaning equipment rather than any decrease in ac-
tivity. The emission of SO; is from the sulfur regeneration plant (Claus
plant).

The time-series will be explained further in the following section.

4.3.2 Methodological issues

The emission of SOz, NOx, NH3; and TSP from production of sulfuric
acid, nitric acid and fertiliser is measured yearly or estimated, from 1990
to 2004 (TSP from 2000 to 2004) (Kemira GrowHow, 2005). PMyo and
PM:s are estimated from the distribution between TSP, PMyo and PM3zs
from CEPMEIP (2003). The emission for SO, and NOx for 1991 to 1993
was estimated by using interpolated emission factors and activity data.
Production of sulphuric acid was stopped in 1997. The emission factor
for SO, fluctuated and the emission factor for NOx decreased from 1990
to 2004. Production of sulphuric acid decreased from approximately
150,000 to 60,000 tonnes from 1990 to 1996, and production of nitric acid
decreased from approximately 450,000 to 229,000 tonnes from 1990 to
2004. Overall, production of fertiliser decreased from approximately
800,000 to approximately 395,000 tonnes from 1990 to 2004.

The emission of NHs, NOx and TSP from production of catalysts and fer-
tilisers is measured yearly from 1996 to 2005 (TSP from 2000 to 2005)
(Haldor Topsge, 2005). PMio and PM25 are estimated from the distribu-
tion between TSP, PMy and PM_s from CEPMEIP (2003). The process-
related NOx emission has been estimated as 80% of the total NOx emis-
sion; Haldor Topsge reports this assumption in their environmental re-
port. The emission of NH3 shows an increasing trend and varies between
13 and 68 tonne from 1990 to 2005. In the same period, the production of
catalysts and fertilisers increased from approximately 33,000 to 49,000
tonnes.

The emission of NMVOC from production of pesticides is measured
yearly from 1990 to 2000 (Cheminova, 2006) and estimated for 2001 to
2005. An emission factor based on 2000 figures is used for estimation of
2001 to 2005 emissions. The emission of NMVOC shows a decreasing
trend from 1990 to 2005.

4.3.3 Uncertainties and time-series consistency

The time-series are either based on specific measurements or by using
company-specific emission factors and activity data. Therefore, the time-
series are considered to be consistent.
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4.3.4 Source-specific QA/QC and verification

The emission factors for production of nitric acid and sulphuric acid
have been verified by comparison with standard emission factors
(EMEP/CORINAIR, 2004). Detailed discussion of QA/QC can be found
in lllerup et al. (2006).

4.3.5 Source-specific recalculations

SO; emission from sulphur regeneration plant has been included in the
inventory.

4.3.6 Source-specific planned improvements

No source-specific improvements are planned.

4.4 Metal production (NFR 1A2/2C)

4.41 Source category description

The sub-sector Metal production (NFR 1A2/2C) covers the following
processes:

e Steelworks (SNAP 040207)

¢ Iron foundries (SNAP 030303)

e Secondary lead production (SNAP 030307)

e Secondary zinc production (SNAP 030308)

e Secondary aluminium production (SNAP 030310)

e Allied metal manufacturing (SNAP 040306)

The time-series for emission of heavy metals and particulate matter from
Metal production (NFR 1A2/2C) are presented in Table 4.6 and Table 4.7.

The emission inventory for metal production is based on specific emis-
sions from steelworks and secondary aluminium manufacturing as well
as average emission factors for iron foundries, secondary lead and zinc
manufacturing, and allied metal manufacturing. Regarding the steel-
works that use iron and steel scrap as raw material, the emissions to a
large degree depend on the quality of the scrap. This fact may result in
large annual variations for one or more of the heavy metals. This may be
the case for iron foundries, as they also use scrap as raw material, but
they have not been subject to the same requirements to analyse emis-
sions of heavy metals to air.



Table 4.6 Time-series for pollutants from Metal production 1A2ab (combustion/process emissions; metals: kg and other pol-

lutants: tonnes).

1990 1991 1992 1993 1994 1995 1997 1998 1999
TSP
PMio
PMzs
As 30.9 ! ! ! ! ! 25.5 25.7 25.8
Cd 14.5 ! ! ! ! ! 12.0 12.1 12.1
Cr 113 N ! ! ! ! 93.6 94.4 94.6
Cu 1.10 A ! ! ! ! 1.10 1.10 1.10
Hg 0 0 0 0
Ni 134 ! ! ! ! ! 111 112 112
Pb 750 ! ! ! ! ! 621 627 628
Se 515 ! ! ! ! ! 426 429 430
Zn 515 A ! ! ! ! 426 429 430

2000 2001 2002 2003 2004 2005

TSP 227 206 207 200 204 205
PM1o 88.7 82.6 81.8 75.6 74.9 79.7
PMas 22.8 22.0 21.3 18.6 17.8 20.6
As 28.9 25.7 26.2 26.2 27.2 26.2
cd 13.6 12.1 12.3 12.3 12.8 12.3
Cr 106 94.3 96.0 96.0 100 96.0
Cu 1.10 1.10 1.10 1.10 1.10 1.10
Hg 0 0 0 0 0 0
Ni 125 111 113 113 118 113
Pb 703 626 637 637 661 637
Se 482 429 437 437 453 436
Zn 482 429 437 437 453 436

1. Will be included.
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Table 4.7 Time-series for pollutants from Metal production 2C (process emissions; metals: kg and other pollutants: tonnes).

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
TSP
PM10
PM2.5
Cd 43.0 ! ! ! ! ! 46.0 35.0 43.0 7.00
Cr - - 1 1 1 1 7.00 0.00 1.00 0.00
Cu 39.0 39.9 40.8 417 426 435 44.0 45.3 45.3 45.3
Hg 246 - 1 1 1 1 147 84.0 60.6 49.5
Ni 758 ! ! ! ! ! 294 228 112 86.1
Pb 3026 59.9 61.2 62.6 63.9 65.3 794 704 441 735
Zn 12 041 559 571 584 596 609 6398 5656 3050 2755

2000 2001 2002 2003 2004 2005

TSP 41.0 93.0 2 2 2 325
PM10 39.0 88.0 -2 2 2 30.8
PM2.5 25.0 56.0 2 2 2 19.6
cd 25.0 41.0 5.00 5.00 5.00 5.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Cu 45.3 45.3 45.3 45.3 45.3 45.3
Hg 90.0 184 2 2 2 64
Ni 60.0 123 2 2 2 43
Pb 508 939 68.0 68.0 68.0 370
Zn 2024 3420 634 634 634 1599

1. Will be included.
2. Steelwork was closed 2002-2004.

The steelworks closed in the beginning of 2002 and re-opened at the end
of 2004.

4.4.2 Methodological issues

The emission of heavy metals and TSP from the production of steel bars
and sheets from steel scrap are based on measurements from the com-
pany Stalvalseveerket (Stalvalseveerket, 2002). PM, and PM,s are esti-
mated from the distribution between TSP, PMi, and PM;s from CEP-
MEIP (2003). The distribution of metals for 1995/96 (lllerup et al., 1999)
is used in estimation of the different metals for the following years. The
activity has varied between approximately 600,000 and 800,000 tonnes
from 1990 to 2001. The production ceased in the beginning of 2002 and
restarted at the end of 2004 with regard to melting of steel scrap in the
electric arc furnace. The production of steel bars at the steelwork is as-
sumed to be 1/3 of the production in 2001; the steelwork has been closed
from end of 2005/beginning of 2006.

The emission of heavy metals from iron foundries is based on standard
emission factors and yearly production statistics from The Association of
Danish Foundries. The emission of TSP and distribution between TSP,
PMjio and PM; is obtained from CEPMEIP (2003).

The emission of heavy metals from production of secondary lead and al-

lied metal manufacturing is based on average emission factors for Dan-
ish producers (lllerup et al., 1999) and activity data from Statistics Den-
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mark. The emission of TSP and distribution between TSP, PMy and
PMg_5 is obtained from CEPMEIP (2003).

4.4.3 Uncertainties and time-series consistency

The time-series are either based on specific measurements, company-
specific emission factors combined with activity data or on standard
emission factors combined with public statistics. The same methodology
has been applied for the entire time-series and, therefore, the time-series
are considered to be consistent.

4.4.4 Source specific recalculations

No source-specific recalculation has been performed for the sector Metal
production.

4.4.5 Source-specific QA/QC and verification
Detailed discussion of QA/QC can be found in Illerup et al. (2006)

4.4.6 Source-specific planned improvements

The time-series will be completed and new emission factors for the latest
years will be established, if possible. Especially for secondary aluminium
and zinc production, potential emissions of heavy metals will be investi-
gated.

4.5 Other production (NFR 2D)

4.5.1 Source category description

The sub-sector Other production (NFR 2D) covers the following process:
e Beer (SNAP 040607)

The time-series for emission of NMVOC from Other production (NFR 2D)
is presented in Table 4.8.

Table 4.8 Time-series for emission of NMVOC from Other production 2D2 (tonnes)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
NMVOC 582 604 611 590 588 629 599 574 503 502

2000 2001 2002 2003 2004 2005
NMVOC 466 452 533 522 534 531

The emission of NMVOC from production of beer follows the activity as
the same emission factor has been used for the entire period.
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4.5.2 Methodological issues

The emission of NMVOC from breweries is estimated from production
statistics (Statistics Denmark) and standard emission factors from the
IPCC guidelines (IPCC (1997) Vol. 3, Table 2-24).

4.5.3 Uncertainties and time-series consistency

The time-series is based on the same methodology throughout, using
public statistics and standard emission factors. Therefore, the time-series
is considered to be consistent.

4.5.4 Source-specific recalculations

Detailed discussion of QA/QC can be found in Illerup et al. (2006)

4.5.5 Source-specific QA/QC and verification

No source-specific QA/QC and verification has been performed for the
sector Other production.

4.5.6 Source-specific planned improvements

The time-series for emission of NMVOC from production of beer is
planned to be completed. Furthermore, production of bread and other
food products are planned to be included in the next inventory.

4.6 Uncertainty estimates
Uncertainty estimates for industrial processes (SNAP 04) are presented
in Table 4.9. The uncertainty estimates are based on standard uncertainty

factors (EMEP/CORINAIR, 2004).

Table 4.9 Uncertainty estimates for industrial processes (%).

Activity data Emission factor Overall 2005 Trend

uncertainty uncertainty
SO, 2 20 20.10 0.47
NOy 2 50 50.04 0.10
NMVOC 2 50 50.04 2.50
CcoO 50 100 50.04 3.23
NH3 2 1000 1 000 12.1
Cadmium 2 1 000 1000 0.30
Copper 2 1000 1000 3.29
Lead 2 1000 1 000 0.35
Zinc 2 1 000 1 000 0.38
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5 Solvents and other product use (CRF
Sector 3)

5.1 Overview of the sector

Use of solvents and other organic compounds in industrial processes and
households are important sources of evaporation of non-methane vola-
tile hydrocarbons (NMVOC), and are related to the source categories
Paint application (CRF sector 3A), Degreasing and dry cleaning (CRF sector
3B), Chemical products, manufacture and processing (CRF sector 3C) and
Other (CRF sector 3D). In this section, the methodology for the Danish
NMVOC emission inventory is presented and the results for the period
1995-2005 are summarised. The method is based on a chemical approach,
and this implies that the SNAP category system is not directly applica-
ble. Instead, emissions will be related to specific chemicals, products, in-
dustrial sectors and households and to the CRF sectors mentioned above.

5.2 Paint application (CRF Sector 3A), Degreasing and
dry cleaning (CRF Sector 3B), Chemical products,
Manufacture and processing (CRF Sector 3C) and
Other (CRF Sector 3D)

5.2.1 Source category description

Table 5.1 and Figure 5.1 show the emissions of chemicals from 1985 to
2005, where the used amounts of single chemicals have been assigned to
specific products and CRF sectors. The methodological approach for
finding emissions in the period 1995 - 2005 is described in the following
section. A linear extrapolation is made for the period 1985 — 1995. A gen-
eral decrease is seen throughout the sectors, however, with an increase in
total emissions during the latest three reported years. Table 5.2 shows
the used amounts of chemicals for the same period. Table 5.1 is derived
from Table 5.2 by applying emission factors relevant to individual
chemicals and production or use activities. Table 5.3 showing the used
amount of products is derived from Table 5.2, by assessing the amount
of chemicals that is comprised within products belonging to each of the
four source categories. The conversion factors are very rough estimates,
and more thorough investigations are needed in order to quantify the
used amount of products more accurately.

In Table 5.4 the emission for 2005 is split into individual chemicals. Pro-
pane and butane are main contributors, which can be attributed to pro-
pellants in spraying cans. Turpentine is defined as a mixture of stoddard
solvent and solvent naphtha. For each chemical the emission factors are
based on rough estimates from SFT (1994). High emission factors are as-
sumed for use of chemicals (products) and lower factors for industrial
production processes.



Table 5.1 Emission of chemicals in Gg pr year

Total emissions Gg pr year 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985
Paint application (3A) 16 17 18 18 18 19 19 20 20 20 21
Degreasing and dry cleaning (3B) 5,9 6,4 6,6 6,7 6,8 7,0 7.1 7,3 7.4 7,5 7,7
Chemical products, manufacturing
and processing (3C) 1,6 1,3 1,2 1,1 1,0 1,0 0,9 0,8 0,7 0,6 0,5
Other (3D) 21 18 18 18 19 19 19 19 20 20 20
Total NMVOC 44 43 44 44 45 46 46 47 48 49 49
Total CO,? 136 134 136 138 141 143 145 147 149 151 153
Total emissions Gg pr year 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996
Continued
Paint application (3A) 14 14 13 14 15 16 15 16 18 17
Degreasing and dry cleaning (3B) 49 5,1 5,2 55 5,1 6,0 6,1 5,6 6,2 6,7
Chemical products, manufacturing 2,6 2,3 1,7 2,1 2,1 1,9 1,7 1,6 1,6 1,6
and processing (3C)
Other (3D) 16 16 15 16 16 16 15 16 15 17
Total NMVOC 37 37 35 37 38 40 38 39 41 42
Total CO,? 116 114 111 115 118 124 118 120 128 132
0.85*3.67*total NMVOC
Table 5.2 Used amounts of chemicals in Gg pr year
Used amounts of chemical Gg 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985
pr year
Paint application (3A) 59 61 60 59 58 58 57 56 55 54 53
Degreasing and dry cleaning (3B) 29 28 28 28 28 28 28 29 29 29 29
Chemical products, manufacturing 105 99 96 94 92 920 88 85 83 81 79
and processing (3C)
Other (3D) 53 45 45 44 44 43 43 42 41 41 40
Total NMVOC 245 233 230 226 222 219 215 212 208 204 201
Used amounts of chemical Gg 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996
pr year
Continued
Paint application (3A) 92 79 60 54 54 59 55 62 98 63
Degreasing and dry cleaning (3B) 29 29 27 28 26 28 29 25 29 29
Chemical products, manufacturing 136 122 101 117 116 114 107 103 108 104
and processing (3C)
Other (3D) 58 56 45 45 46 46 43 43 48 47
Total NMVOC 3156 285 233 244 242 247 234 233 283 243
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Table 5.3 Used amounts of products in Gg pr year
Used amounts of products Gg 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985
pr year
Paint application (3A) 391 409 403 396 390 384 378 372 366 359 353
Degreasing and dry cleaning (3B) 57 57 57 57 57 57 57 57 57 57 57
Chemical products, manufacturing

and processing (3C) 520 500 492 484 476 467 459 451 443 435 427
Other (3D) 263 228 227 226 225 224 223 222 220 219 218
Total products 1231 1193 1178 1163 1148 1132 1117 1102 1087 1071 1056

Used amounts of products Gg 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996
pr year

Continued
Paint application (3A) 614 530 400 361 360 393 369 414 652 420
Degreasing and dry cleaning (3B) 59 58 53 55 52 57 58 51 57 59

Chemical products, manufacturing 643 585 498 568 557 553 536 513 540 518
and processing (3C)
Other (3D) 272 266 224 214 218 220 214 217 242 234

Total products 1587 1439 1174 1198 1188 1223 1177 1194 1492 1231

VOC emissions

@ Paint application

m Degreasing and dry
cleaning

O Chemical products,
manufacturing and

processing
o Other
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Figure 5.1 Emissions of chemicals in Gg per year. The methodological approach for
finding emissions in the period 1995 — 2005 is described in the text, and a linear extrapo-
lation is made for 1985 — 1995. The underlying figures can be seen in Table 5.1.
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Table 5.4 Chemicals with highest emissions 2005

Chemical Emissions 2005 (kg/year)
Turpentine (solvent naphtha and 5339412
Stoddard solvent)

propane 5000000
butane 5000000
methanol 4350997
aminooxygengroups 3005451
ethanol 2024512
naphthalene 2022969
pentane 1995706
glycerol 1934542
acetone 1204261
propylenglycol 784147
ethylenglycol 652206
glycolethers 579784
formaldehyde 484883
Propylalcohol 466252
Butanone 441071
Xylene 280520
1-butanol 248607
Methylbromide 234033
toluene 214520
Toluendiisocyanate 195034
phenol 124694
acyclic monoamines 90468
methyl methacrylate 85784
butanoles 50571
Dioctylphthalate 50307
styrene 43502
tetrachloroethylene 32674
triethylamine 6481
diethylenglycol 5725
diamines 83

5.2.2 Methodological issues

The emissions of Non-Methane Volatile Organic Compounds (NMVOC)
from industrial use and production processes and household use in
Denmark have been assessed. Until 2002 the NMVOC inventory in
Denmark was based on questionnaires and interviews with different in-
dustries, regarding emissions from specific activities, such as lacquering,
painting impregnation etc. However, this approach implies large uncer-
tainties due to the diverse nature of many solvent-using processes. For
example, it is inaccurate to use emission factors derived from one print-
work in an analogue printwork, since the type and combination of inks
may vary considerably. Furthermore the employment of abatement
techniques will result in loss of validity of estimated emission factors.

A new approach has been introduced, focusing on single chemicals in-
stead of activities. This will lead to a clearer picture of the influence from
each specific chemical, which will enable a more detailed differentiation
on products and the influence of product use on emissions.
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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. Mass
balances are simple and functional methods for calculating the use and
emissions of chemicals

use = production + import - export - destruction/disposal - hold up (EQ.1)

emission = use *emission factor (Eq.2)

where “hold up” is the difference in the amount in stock in the beginning
and at the end of the year of inventory.

A mass balance can be made for single substances or groups of sub-
stances, and the total amount of emitted chemical is obtained by sum-
ming up the individual contributions. It is important to perform an in-
depth investigation in order to include all relevant emissions from the
large amount of chemicals. The method for a single chemical approach is
shown in Figure 5.2.

chemical
product product
activity activity activity activity activity activity

//l\ ...

soil  water \yagte efc......

Figure 5.2 Methodological flow in a chemical based emission inventory.

The tasks in a chemical focused approach are

o 1) Definition of chemicals to be included
o 2) Quantification of use amounts from Eq.1
e 3) Quantification of emission factors for each chemical

In principle all chemicals that can be classified as NMVOC must be in-
cluded in the analysis, which implies that it is essential to have an ex-
plicit definition of NMVOC. The definition of NMVOC is, however, not
consistent; In the EMEP-guidelines for calculation and reporting of emis-
sions, NMVOC is defined as "all hydrocarbons and hydrocarbons where
hydrogen atoms are partly or fully replaced by other atoms, e.g. S, N, O,
halogens, which are volatile under ambient air conditions, excluding CO,
CO,, CH4, CFCs and halons”. The amount of chemicals that fulfil these
criteria is large and a list of 650 single chemicals and a few chemical
groups described in ”National Atmospheric Emission Inventory”, cf.
Annex 3.F, is used. It is probable that the major part will be insignificant
in a mass balance, but it is not correct to exclude any chemicals before a
more detailed investigation has been made. It is important to be aware



that some chemicals are comprised in products and will not be found as
separate chemicals in databases, e.g. di-ethylhexyl —phthalate (DEHP),
which is the predominant softener in PVC. In order to include these
chemicals the product use must be found and the amount of chemicals in
the product must be estimated. It is important to distinguish the amount
of chemicals that enters the mass balance as pure chemical and the
amount that is associated to a product, in order not to overestimate the
use.

Production, import and export figures are extracted from Statistics Den-
mark, from which a list of 427 single chemicals, a few groups and prod-
ucts is generated. For each of these a use amount in tonnes pr. year (from
1995 to 2005) is calculated. It is found that 44 different NMVOCs com-
prise over 95 % of the total use, and it is these 44 chemicals that are in-
vestigated further.

In the Nordic SPIN database (Substances in Preparations in Nordic
Countries) information for industrial use categories and products speci-
fied for individual chemicals, according to the NACE coding system is
available. This information is used to distribute the use amounts of indi-
vidual chemicals to specific products and activities. The product
amounts are then distributed to the CRF sectors 3A - 3D.

Emission factors, cf. Eq. 2, are obtained from regulators or the industry
and can be provided on a site by site basis or as a single total for whole
sectors. Emission factors can be related to production processes and to
use. In production processes the emissions of solvents typically are low
and in use it is often the case that the entire fraction of chemical in the
product will be emitted to the atmosphere. Each chemical will therefore
be associated with two emission factors, one for production processes
and one for use.

Outputs from the inventory are

¢ a list where the 44 most predominant NMVOCs are ranked according
to emissions to air,

e specification of emissions from industrial sectors and from house-
holds,

e contribution from each NMVOC to emissions from industrial sectors
and households,

o yearly trend in NMVOC emissions, expressed as total NMVOC and
single chemical, and specified in industrial sectors and households.

5.2.3 Uncertainties and time-series consistency

Estimation of uncertainty is based on the Tier 1 methodology in IPCC
Good Practice Guidance. Input to the uncertainty estimates are shown in
Table 5.5.

Overall uncertainty in 2005: 32.5%

Trend uncertainty: 26.1%
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Table 5.5 Emission uncertainties for solvents (NMVOCs). Only combined uncertainties are applied as uncertainties are not differentiated into activity data and emission factors in the Emission
Inventory Guidebook. Furthermore uncertainties are only stated for the total emissions. This uncertainty is distributed equally on activity data and emission factors.

Source Activity SNAP Activity Base year 2005 emissions Activity data Emission factor Combined
code emission uncertainty uncertainty uncertainty
Input data (Mg) Input data (Mg) Input data (%) Input data (%) (%)
Paint application 60101 Manufacture of Automobiles Not estimated Not estimated Not estimated
60102  Car Repairing
60103  Construction and Buildings
60104 Domestic Use
60105 Coil Coating
60106 Boat Building
60107  Wood
60108 Other Industrial Paint Application
60109 Other Non-Industrial Paint Application 18454 13579
Degreasing and dry 60201 Metal Degreasing Not estimated Not estimated Not estimated
cleaning 60202 Dry Cleaning
60203 Electronic Components Manufacturing
60204 Other Industrial Dry Cleaning 7658 5240
Chemical products, 60301 Polyester Processing Not estimated Not estimated Not estimated
manufacturing and 60302 Polyvinylchloride Processing
processing 60303 Polyurethane Foam Processing
60304 Polystyrene Foam Processing
60305 Rubber Processing
60306 Pharmaceutical Products Manufacturing
60307 Paints Manufacturing
60308 Inks Manufacturing
60309  Glues Manufacturing
60310 Asphalt Blowing
60311 Adhesive, Magnetic Tapes, Film and Photographs Manufacturing
60312  Textile Finishing
60313 Leather Tanning
60314  Other 1221 2460
Other 60401 Glass Wool Enduction Not estimated Not estimated Not estimated
60402 Mineral Wool Enduction
60403 Printing Industry
60404 Fat, Edible and Non-Edible Oil Extraction
60405 Application of Glues and Adhesives
60406 Preservation of Wood
60407 Underseal Treatment and Conservation of Vehicles
60408 Domestic Solvent Use (Other Than Paint Application) 18638 15671
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60409 Vehicles Dewaxing
60411 Domestic Use of Pharmaceutical Products
60412  Other(Preservation of Seeds, ...)
Total 60000 Solvent and Other Product Use 45971 36949 46 46 65

NE: Not estimated
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Important uncertainty issues related to the mass-balance approach are

(i) Identification of chemicals that qualify as NMVOCs. The definition
is vague, and no approved list of agreed NMVOCs is available. Al-
though a tentative list of 650 chemicals from the ”National Atmos-
pheric Emission Inventory” has been used, it is possible that relevant
chemicals are not included.

(ii) Collection of data for quantifying production, import and export
of single chemicals and products where the chemicals are comprised.
For some chemicals no data are available in Statistics Denmark. This
can be due to confidentiality or that the amount of chemicals must be
derived from products wherein they are comprised. For other chemi-
cals the amount is the sum of the single chemicals and product(s)
where they are included. The data available in Statistics Denmark is
obtained from Danish Customs & Tax Authorities and they have not
been verified in this assessment.

(iii) Distribution of chemicals on products, activities, sectors and
households. The present approach is based on amounts of single
chemicals. To differentiate the amounts into industrial sectors it is
necessary to identify and quantify the associated products and activi-
ties and assign these to the industrial sectors and households. No di-
rect link is available between the amounts of chemicals and products
or activities. From the Nordic SPIN database it is possible to make a
relative quantification of products and activities used in industry, and
combined with estimates and expert judgement these products and
activities are differentiated into sectors. The contribution from house-
holds is also based on estimates. If the household contribution is set
too low, the emission from industrial sectors will be too high and vice
versa. This is due to the fact that the total amount of chemical is con-
stant. A change in distribution of chemicals between industrial sectors
and households will, however, affect the total emissions, as different
emission factors are applied in industry and households, respectively.

A number of activities are assigned as “other”, i.e. activities that can not
be related to the comprised source categories. This assignment is based
on expert judgement but it is possible that the assigned amount of
chemicals may more correctly be included in other sectors. More detailed
information from the industrial sectors is continuously being imple-
mented.

(iv) Rough estimates and assumed emission factors are used for many
compounds. For some compounds more reliable information has been
obtained from the literature and from communication with industrial
sectors. In some cases it is more appropriate to define emission factors
for sector specific activities rather than for the individual chemicals.

A quantitative measure of the uncertainty has not been assessed. Single
values have been used for emission factors and activity distribution ra-
tios etc. In order to perform a stochastic evaluation more information is
needed.



5.2.4 QA/QC and verification

Please refer to the Danish National Inventory Report reported to the
UNFCCC (lllerup et al., 2006)

5.2.5 Recalculations

The previous method was based on results from an agreement between
the Danish Industry and the Danish Environmental Protection Agency
(EPA). The emissions from various industries were reported to the Dan-
ish EPA. The reporting was not annual and linear interpolation was used
between the reporting years. It is important to notice that not all use of
solvents was included in this agreement and no activity data were avail-
able. It is not possible to perform direct comparison of methodologies or
to make corrections to the previous method, due to the fundamental dif-
ferences in structure. But an increase in total emissions was expected due
to the more comprehensive list of chemicals.

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 improve-
ments in the 2005 reporting include revisions of the following

e More detailed information concerning chemical patterns and amounts
have been made for four industrial branches, comprising approxi-
mately 20% of the total emissions. The branches are plastic industry,
graphic industry, auto repairers and colour and lacquer industry.

¢ Use amounts and emission factors have been refined for pentane and
styrene used especially in the plastic industry.

e The group of glycolethers has been rearranged and comprises more
single chemical compounds. The distribution of glycolethers in indus-
trial branches has been revised, and the emission factors have been
changed. E.g. for use in dry cleaning an emission factor of 0.0001 is
used.

e Tetrachloroethylene has been removed from use in auto repairers and
others, and has been assigned to dry cleaners and metal industry.
Emission factor of 0.0001 is assigned for use in dry cleaning as a re-
covery of 99.99% of solvent used is stated in the literature.

e Some product categories (as defined in SPIN database) have been
transferred from degreasing to paints category. This implies that the
used amounts of products in Table 5.3 has increased compared to the
latest inventory, because the amount of chemical in a product from
the paints category is lower than the amount of chemical in a product
from the degreasing category.

5.2.6 Planned improvements

In line with the latest refinements of four industrial branches, more
branches will be addressed for further adjustments in the following in-
ventory. More detailed information will be obtained for selected indus-
tries with respects to used products and chemicals and emission factors
related to the activities.
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6 Emission of ammonia and particulate
matter from the agricultural sector

6.1 Overview

6.1.1 Ammonia

The majority of the Danish ammonia emission, corresponding to 97%,
originates from the agricultural sector. The remaining 3% originates from
traffic and industrial process. Figure 6.1 shows the distribution of
sources of NH3z emission from the agricultural sector 2005. The main part
of the emission is related to manure management, corresponding to 79%.
Emissions from use of synthetic fertiliser and crops contribute with 6%
and 15%, respectively. Emissions from “Other” as ammonia-treated
straw and sewage sludge used as fertiliser amount to less than 1%.

Other
Crops <1%

Syntethic fertiliser
6%

Manure
management
79%

Figure 6.1 Ammonia emissions from the agricultural sector (2005)

From 1985 to 2005, the emission of ammonia from the agricultural sector
decreased from 139.24 Gg NH3 to 89.57 Gg NH3, which corresponds to a
36% reduction (Figure 6.2). This is due to the active national environ-
mental policy of the last twenty years. A series of measures have been in-
troduced to prevent loss of nitrogen from agriculture to the aquatic envi-
ronment. The measures include improved utilisation of nitrogen in live-
stock manure, requirements with regard to storage and application of
livestock manure, increased area with winter green fields to catch nitro-
gen, a maximum number of animals per hectare and maximum nitrogen
application rates to agricultural crops.

The main part of the emission from the agricultural sector is related to
livestock production and, hence, the management of manure. The result
of the active environmental policy has brought about a decrease in the
N-excretion, a decrease of emission per produced animal and a fall in use
of mineral fertilizer, which all has reduced the overall ammonia emission
significant.
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Figure 6.2 Ammonia emissions from the agricultural sector 1985 to 2005

Particulate matter

In NRF, the emission of particulate matter (PM) is registered for the
years 2000 to 2005. The emission from the agricultural sector includes the
emission of dust from ventilated animal housing systems, which include
emission from cattle, pigs, poultry and horses.

Change in emission factor has been preformed due to updated informa-
tion in the EMEP-CLRTAP Emission Inventory Guidebook. Chapter
B1100 covers PM emission from animal husbandry and recommended
emission factor for Swine, poultry, cattle and horses. These categories are
subdivided into subcategories and into solid- or slurry based stable sys-
tems.

Due to lack of data the PM emission not includes emission from plant
production, which means activities related to field operations as harvest-
ing and cultivation of the soil. At present, first draft to guidelines is pre-
formed (Hinz 2004, Hinz 2006). When the final paper is confirmed, the
PM emission will be implemented in the inventory and registered under
NFR Tables 4.D Agricultural soils.

Given in TSP, emission from animal housing systems contributes with 31
% of the national PM emission in 2005.

From 2000 to 2005 the PM emission from agricultural activities, given in
TSP, has decreased by 7% due to a fall in the production of broilers (Fig-
ure 6.3). The same emission factor is used for all years. The changes in
the total emission for each livestock category is mainly reflected the
changes in number of animal, but also effected by the distribution of the
subcategories and changes in the stable type.
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Figure 6.3 Emission of particulate matter (TSP) from the agricultural sector 2000 to
2005

6.1.2 References — sources of information

Data on activity and emissions are collected, evaluated and discussed in
cooperation with Statistics Denmark, the Danish Institute of Agricultural
Sciences, the Danish Agricultural Advisory Centre, Danish Environ-
mental Protection Agency and the Danish Plant Directorate. It means
that both the data and the methods used are evaluated continuously ac-
cording to latest knowledge and information. Table 6.1 shows the source
of data input from the different institutes.
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Table 6.1 List of institutes involved in the emission inventory

References Abbreviation Data / information
National Environmental Research Institute, NERI -reporting
University of Aarhus -data co"ecting

(http://www.dmu.dk)

Statistics Denmark - Agricultural Statistics DS -livestock production

(http://www.dst.dk) -milk yield
-slaughtering data
-land use

Faculty of Agricultural Sciences, University FAS -N-excretion

of Aarhus -feeding situation

(http://www.agrsci.dk) -NH; emissions factor

-PM emissions factor

The Danish Agricultural Advisory Centre DAAC -stable type
(http://www.Ir.dk) -grazing situation

-manure application time
and methods

Danish Environmental Protection Agency EPA -sewage sludge used as
(http://www.mst.dk) fertiliser

The Danish Plant Directorate PD -organic farming
(http://www.plantedirektoratet.dk) -synthetic fertiliser

-stable type (from 2005)

6.1.3 Methods

The calculation of the emission is based on the EMEP-CLRTAP Emission
Inventory Guidebook.

The emissions from agricultural activities include NRF Table 4B Manure
Management and Table 4D Agricultural Soils. Table 4F with regard to
field burning of agricultural wastes is only registered until 1989. Burning
of straw has been prohibited since 1989 and may only take place in con-
nection with cultivation of seed grass. It is assumed that the emission is
insignificant and, hence, is not included in the emission inventory from
1990.

The emission is calculated as the sum of activities (a;) multiplied by the
implied emission factor (IEF) for each activity, i.

Elotal = Zai b IEE

The emissions from the agricultural sector are calculated in a compre-
hensive agricultural model complex called DIEMA (Danish Integrated
Emission Model for Agriculture). This model, as shown in Figure 6.4, is
implemented in great detail and it is used to cover emissions of ammo-
nia, particulate matter and greenhouse gases (N2O and CHaj). Thus, there
is direct coherence between the ammonia emission and the emission of
N20O. A more detailed description is published in Mikkelsen et al. (2006).



The National Environmental Research Institute (NERI), which is respon-
sible for the emission inventory, has established data agreements with
the institutes and organisations to assure that the necessary data is avail-
able for timely completion of the emission inventory. The main part of
the emission is related to livestock production and much of the data is
based on Danish standards. The Faculty of Agricultural Sciences, Uni-
versity of Aarhus (FAS) delivers Danish standards relating to feeding
consumption, manure type in different stable types, nitrogen content in
manure, etc. Previously, the standards were updated and published
every third or fourth year — the last one is Poulsen et al. from 2001. From
year 2001, NERI receives updated data annually directly from FAS in the
form of spreadsheets. These standards have been described and pub-
lished in English in Poulsen & Kristensen (1998).
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DIEMA — Danish Intergrated Emission Model for the Agricultural sector
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DIEMA includes approximately 30 different livestock categories, de-
pendent on livestock category, weight class and age. Each of these sub-
categories is subdivided according to stable type and manure type,
which results in the region of 100 different combinations of subcategories
and stable type (Table 6.2). The emission is calculated from each of these
subcategories and then aggregated in accordance with the livestock cate-
gories given in the NFR. It is important to point out that changes in the
emission and the implied emission factor over the years are not only a
result of changes in the number of animals, but also depend on changes
in the allocation of subcategories, changes in feed consumption, changes
in stable type and changed practices with regard to the handling of live-
stock manure in relation to storage and application.

Table 6.2 Livestock categories and subcategories.

NFR Animal Includes No. of subcategories
4B categories in DIEMA
(animal type/stable system)
4B 1a Dairy Cattle' Dairy Cattle (heavy breeding and Jersey) 9
4B 1b Non-dairy Calves, heifers, bulls, suckling cattle (heavy 26
Cattle' breeding and Jersey)
4B 3 Sheep including lambs 1
4B 4 Goats Including kids 1
4B 6 Horses 400 kg, 600 kg, 800 kg 3
4B 8 Swine Sows, piglets, slaughtering pigs 17
4B 9 Poultry Hens, pullet, broilers, turkey, geese, ducks 16
4B 13 Other Fur farming + Sewage sludge 4

'For all subcategories distinguish between large breed and the smaller Jersey cattle

6.2 NH; emission from Manure Management — NRF 4.B

6.2.1 Description

The NH3 emission from manure management (NRF category 4.B) in-
cludes emissions from sewage sludge used as fertiliser. The emission
from sewage sludge contributes with less than 1% of the total emission
from manure management.

Figure 6.5 shows the emission from manure management distributed ac-

cording to the different livestock categories in 2005. The main part of the
emission is related to cattle and pig production, corresponding to 81%
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6.2.2 Methodological issues

Activity data

Table 6.3 shows the development in livestock production 1990-2004
based on the Agricultural Statistics (Statistics Denmark). The emission
from pigs and poultry is based on slaughter data from the Agricultural
Statistics. Only farms larger than 5 hectares are included in the annual
census. An approximation of number of the horses, goats and sheep on
small farms is added to the numbers in the Agricultural Statistics, in
agreement with DAAC. The largest difference is found for horses. In the
agricultural census, the number of horses is estimated at47 300 in 2005.
The total number of horses in 2005, however, including horses placed at
small farms and riding schools, is approximately 156 000.

Since 1990, production of pigs and poultry has increased. This is contrary
to the production of cattle, which has decreased as a result of rising milk
yields. Buffalo, camels and llamas, mules and donkeys do not occur in
Denmark.



Table 6.3 Livestock production 1990 — 2005 [1000 head] - NRF category 4B

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

NRF Animal category
4B 1a Dairy Cattle 753 742 712 714 700 702 701 670 669 640
4B 1b Non-dairy cattle 1486 1480 1478 1481 1405 1388 1393 1334 1308 1247
4B 3 Sheep* 92 107 102 88 80 81 94 78 83 83
4B 4 Goats* 8 9 9 9 9 9 9 10 10 10
4B 6 Horses* 135 137 138 140 141 143 144 146 147 149
4B 8 Swine 9497 9783 10455 11568 10923 11084 10842 11383 12095 11626
4B 9 Poultry 16249 15933 19041 19898 19852 19619 19888 18994 18674 21010
4B 13 Other

(fur farming) 2264 2112 2283 1537 1828 1850 1918 2212 2345 2089

2000 2001 2002 2003 2004 2005

NRF Animal category
4B 1a Dairy Cattle 636 623 610 596 563 558
4B 1b Non-dairy cattle 1232 1284 1187 1128 1082 986
4B 3 Sheep* 81 92 74 83 79 88
4B 4 Goats* 10 11 11 12 12 14
4B 6 Horses* 150 152 153 155 155 156
4B 8 Swine 11922 12608 12732 12949 13233 13466
4B 9 Poultry 21830 21236 20580 17796 16598 17514
4B 13 Other

(fur farming) 2199 2304 2422 2361 2471 2552

* Includes animals on small farms (less than 5 ha), which are not included in Statistics Denmark figures.

Implied emission factor

Table 6.4 shows the implied emission factor for each NFR livestock cate-
gory from 1990 to 2005. The implied emission factor expresses the aver-
age emission of ammonia per animal (from the census) per year. The im-
plied emission factor is changing from year to year depending on a com-
bination of several factors, such as:

¢ change in the livestock production level or change in the share of dif-
ferent subcategories

¢ change in fodder condition and N-excretion

¢ change in stable type

¢ change in handling of manure in relation to storage and application

In Annex 2C1, more detailed information about N-excretion and stable
type for each livestock category, 1990-2005, used in the Danish emission
inventory are given. Furthermore, tables show the Danish standards for
emission factors used to calculate the ammonia emission in stables and
in relation to storage and application of manure.

For most of the animal categories, the implied emission factor has de-
creased from 1990 to 2005, which is the result of measures in relation to
implementation of the action plans for the aquatic environment and the
Ammonia Action Plan. Increasingly strict requirements to improve the
utilisation of nitrogen in manure have resulted in reduction of N-
excretion, especially for slaughter pigs. Changes in manure management
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in relation to spreading are another important factor which has reduced
the emission. Measures include a requirement for a minimum 9-month
manure storage capacity, requirement that manure applied to soil be
ploughed down within 6 hours, a ban on the spreading of manure in
winter and, from 1 August 2003, broad spreading is no longer allowed.

Table 6.4 Implied emission factor from — manure management 1990 to 2005 [kg NHs/hd/yr] (NRF
category 4B)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
NFR Animal category

4b 1a Dairy cattle 31.97 3098 3000 29.03 2807 27.12 26.32 2642 26.53 26.34
4b 1b Non-dairy cattle 7.48  7.21 7.01 6.82 654 630 6.21 6.14 6.10 6.28
4B 3 Sheep 1.86 1.87 1.87 1.88 1.88 1.89 1.74 1.58 1.43 1.29
4B 4 Goats 186 187 187 188 188 1.89 174 158 143 1.29
4B 6 Horses 7.90 7.71 7.51 7.32 713 694 6.92 6.89 6.85 7.01
4B 8 Swine 499  4.81 460 419 409 370 3.71 363 357  3.61
4B 9 Poultry 027 027 024 025 027 026 025 026 026 024
4B 130ther animals

(fur farming) 230 240 221 3.21 266 259 249 216 203 225

2000 2001 2002 2003 2004 2005
NFR Animal category

4b 1a Dairy cattle 27.07 26.96 26.34 26.00 2641 2527
4b 1b Non-dairy cattle 658  6.61 627 596 6.02 463
4B 3 Sheep 1.45 143 1.4 1.37 137 1.37
4B 4 Goats 1.45 143 136  1.33 1.32 1.32
4B 6 Horses 687 677 669 650 649  6.49
4B 8 Swine 340 319 318 294 300 273
4B 9 Poultry 023 024 024 027 031 0.30
4B 130ther animals

(fur farming) 209 205 200 198 212 223

6.2.3 Time-series

The emission of NH3 from manure management is estimated to 67.50 Gg
NH3 in 2005 (Table 6.5). From 1990 to 2005, the emission reduced by 28%.
As mentioned, this development is mainly due to an active environ-
mental policy to reduce nitrogen losses in agricultural production.

The number of cattle has decreased as a result of a growth in milk yield.
In 2005, cattle production contributes with 28% of the total emission
from manure management. The pig production contributes with a still
increases share of the emission — in 2005, 54% of the total emission from
manure management. The production of slathering pigs has decreased
by more than 35% compared with 1990. However, despite this develop-
ment the emission from pigs is decreasing. This is due to measures fo-
cused on the biological development and improvement in fodder effi-
ciency.



Table 6.5 Emission of NH3; from manure management 1990 — 2005 [Gg NHs]

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
NFR Animal category
4b 1a Dairy cattle 2408 2297 21.36 20.73 19.64 19.05 18.44 17.71 17.75 16.86
4b 1b Non-dairy cattle 1111 1067 10.37 10.10 919 875 865 818 798  7.84
4B 3 Sheep 017 020 019 017 015 015 016 012 012 0.1
4B 4 Goats 0.02 002 002 002 002 002 002 002 0.1 0.01
4B 6 Horses 1.07 105 104 1.02 101 099 1.00 100 1.01 1.04
4B 8 Pig 47.40 47.05 48.11 48.48 44.69 40.98 40.19 41.27 4314 42.02
4B 9 Poultry 431 432 456 490 541 505 493 489  4.81 4.95
4B 13 Other
a. Fur farming 521 508 505 493 487 479 478 477 475 470
b. Sewage sludge 007 007 009 011 010 011 010 009 009 0.08
Total emission 93.44 9143 90.78 90.45 8507 79.89 7826 78.06 79.66 77.62
2000 2001 2002 2003 2004 2005
NFR Animal category
4b 1a Dairy cattle 17.20 16.81 16.06 1549 14.88 14.10
4b 1b Non-dairy cattle 8.11 848 745 673 652 457
4B 3 Sheep 012 013 010 011  0.11 0.12
4B 4 Goats 0.01 0.01 0.02 002 002 0.02
4B 6 Horses 103 103 102 1.00 1.01 1.01
4B 8 Pig 40.59 40.23 40.47 38.01 39.69 36.70
4B 9 Poultry 501 503 498 488 512 522
4B 13 Other
a. Fur farming 460 472 485 468 525 569
b. Sewage sludge 008 008 008 008 0.07 0.07
Total emission 76.77 76,52 7503 71.01 7265 67.50

Figure 6.6 shows the percentage distribution of the NH3 emission in sta-
bles, storage, spreading of manure in fields and in deposits to grass. The
main part of the reduction in ammonia emission has taken place in con-
nection with the spreading of manure in fields, due to changes in ma-
nure application practice. There has been a reduction in emissions in re-
lation to storage as a result of improved covering of slurry tanks. From
1990 to 2005, the emission relating to manure management in stables in-
creased from 37% to 50%. In future, the possibilities for ammonia reduc-
tion will be likely to be focused on measurements in stables.

It should be mentioned here that the emission from manure deposited by

grazing animals is included in the emission from agricultural soils (NRF
—-4.D).
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Figure 6.6 The percentage distribution of the NH3 emission in the agricultural production 1990 — 2005

6.3 NH; emission from Agricultural Soils — NRF 4.D

6.3.1 Description

Figure 6.7 shows the different emission sources from agricultural soils
(NFR Table 4.D). The majority of the ammonia emission from agricul-
tural soils originates from crops, which in 2005 corresponds to 62%. An-
other 25% is related to use of synthetic fertiliser and the remaining part
comes from nitrogen deposited by grazing animals and from ammonia-
treated straw used as feed.

Ammonia
treated straw
Grassing 2%
12%

Fertiliser
25%

Crops
62%

Figure 6.7 Ammonia emissions from agricultural soils 2005

6.3.2 Methodological issues

More detailed description covering the calculation of the different emis-
sion sources and information about activity data and emission factors
used is given in Annex 2C2.

Activity data

At present, farmed area covers about 60% of the total land area in Den-
mark. In recent decades, farmed area has decreased, being replaced by
forest, semi-natural, road and built-up areas, and this development is



expected to continue. Table 6.6 shows the activity data used in calcula-
tion of the ammonia emission from agricultural soils. Information on
farmed area and cultivation of different crop types is collected by Statis-
tics Denmark. The amount of nitrogen used in synthetic fertiliser is based
on information from the Danish Plant Directorate. The use of fertiliser
has decreased considerably — consumption in 2005 is nearly half that in
1990.

Table 6.6 Activity data used to estimate the NH; emission from agricultural soils 1990 - 2005

NFR 4.D Unit 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Activity data

Cultivated area 1000 ha 2788 2770 2756 2739 2691 2726 2716 2688 2672 2644
N in fertiliser Mkg N 400 395 370 333 326 316 291 288 283 263
N deposit on grass M kg N 34 35 35 36 35 36 36 35 35 34
NHs, straw M kg N 13 11 10 10 10 8 6 6 5 3
NFR 4.D Unit 2000 2001 2002 2003 2004 2005

Activity data

Cultivated area 1000 ha 2647 2676 2666 2658 2645 2589

N in fertiliser M kg N 251 234 211 201 207 206

N depositon grass MkgN 33 34 32 32 31 30

NHs, straw Mkg N 3 2 1 1 0 0

Implied emission factor
The implied emission factors, 1990-2005, in relation to agricultural soils
are given in Table 6.7.

The implied emission factors relating to crops are expressed as total
emission divided by total area under cultivation, and are decreasing due
to the growth in set-a-side area. The implied emission factors relating to
use of synthetic fertiliser depend on consumption and type of fertiliser
and remain almost the same for all years. The implied emission factors
for grazing animals and ammonia used for straw treatment remain unal-
tered.
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Table 6.7 Implied emission factors used to estimate the NH3 emission from agricultural soils

NFR 4.D Unit 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Source

Crops Kg NHs per hectare 57 57 57 57 55 52 53 54 54 53
Fertiliser % of total N 22 21 2.1 23 24 24 23 24 22 22
N grass % of total N 70 70 70 70 70 70 70 70 70 70
NHs, straw % of total NH3-N 65 65 65 65 65 65 65 65 65 65
NFR 4.D Unit 2000 2001 2002 2003 2004 2005

Source

Crops KgNHs per hectare ~ 53 52 53 53 53 53

Fertiliser % of total N 22 22 2.2 2.2 2.2 2.2

N grass % of total N 70 70 70 70 70 70

NHs, straw % of total NH3-N 65 65 65 65 65 65

6.3.3 Time-series

From 1990 to 2005 the ammonia emission from agricultural soils de-
creased from 39.51 Gg NHj3 to 22.85 Gg NHs, which corresponds to a 42%
reduction (Table 6.8). A considerable increase in the use of fertiliser and
ammonia used for straw treatment has, in particular, been important for
this development.

As mentioned, there has been an active effort in recent decades to reduce
nitrogen leaching by means of action plans. This focus on environmental
impact in agricultural production has led to an improvement in the utili-
sation of nitrogen in manure. A consequence of this development is that
the use of fertiliser and, in turn, the NH3z emission has been reduced.



Table 6.8 Emission of NH3 from Agricultural Soils from 1990 — 2005 [Gg NHs]

NFR 4.D

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Agricultural Soils

Crops 15.83 1572 1564 1548 14.80 14.18 1427 1447 1441 14.00
Use of fertiliser 10.54 1025  9.57 9.21 9.56 9.25 8.08 7.51 7.58 7.04
N deposit on grass 294 299 298  3.01 294 298 300 290 289 281
NH; treated straw 1021 8.66 7.69 7.59 8.12 6.65 5.07 4.49 3.71 2.08
Emission, total 3951 37.63 3587 3529 3541 33.06 3041 2937 2859 25.94
NFR 4.D 2000 2001 2002 2003 2004 2005

Agricultural Soils

Crops 13.93 14.04 1401 13.96 1399 13.71

Use of fertiliser 679 626 564 540 562 556

N deposit on grass 282 287 275 270 264 254

NHj; treated straw 2.47 162 094 080 053 0.26

Emission, total 26.01 2479 23.34 2286 2278 22.08

6.4 PM emission from stables — NRF 4.B

6.4.1 Description

Investigations have shown that farmers, as well as livestock, are subject
to an increased risk of developing lung and respiratory related diseases
due to the particulate emissions (Hartung og Seedorf. 1999). This is since
the particles are able to carry bacteria, viruses and other organic com-
pounds.

In 2005 the PM emission from stables, given in TSP, is estimated to
14621. Of this, 57% relates to pig production. The emission from poultry
and cattle contributes with 36% and 7%, respectively.

Presently, only the emission from 2000 to 2005 is given in NRF. The
emissions for the previous year are estimated and will be implemented
in the next EMEP report preparation.

6.4.2 Methodological issues

The estimation of PM emission is based on the EMEP-CLRTAP Emission
Inventory Guidebook chapter B1010, where the scientific data mainly is
based on an investigation of PM emission in North European stables
(Takai et al. 1998).

The particle emission includes primary particles in the form of dust from
ventilated stables. Three main types of stables, cattle, pig and poultry
stables, are included in this inventory (Table 6.9). These are divided into
subcategories and for each category it is distinguished between solid and
slurry based stable systems.

The PM emission is related to the number of stable places and to the time

the animal is housed. The PM emission from grassing animals is consid-
ered as negligible.
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Table 6.9 Livestock categories used in the PM emission inventory

Livestock categories Subcategories as given in the Danish inventory Grassing
as given in NFR EMEP-CLRTAP Emission In- days
ventory Guidebook
Cattle
Dairy Cattle Dairy cattle Dairy cattle 55
Non-Dairy Cattle Calves Calves < Va2 yr 0
Beef cattle Bulls 0
Heifer 196
Suckling cattle 224
Swine Sows Sows (incl piglets until 7 kg) 0
Weaners Weaners (7-30 kg) 0
Fattening pigs Fattening pigs (30-104 kg) 0
Poultry Laying hens Laying hens 0
Broilers Broilers 0
Horses Horses Horses 184

Due to considerable uncertainties and lack of data, this inventory only
includes emission from stables. The PM emission from the handling of
fertiliser and crops in the field are not taken into account. This will be in-
cluded when preformed draft is final committed (Hinz 2004, Hinz 2006).

Activity data
Livestock production data is based on Statistics Denmark, Agricultural
Statistics (www.dst.dk) — Table 6.10.

Table 6.10 Livestock production 1990 — 2005 [1000 head]
2000 2001 2002 2003 2004 2005

NRF Animal category

4B 1a Dairy Cattle 636 623 610 596 563 558
4B 1b Non-dairy cattle 1868 1907 1796 1724 1646 1544
4B 6 Horses 150 152 153 155 155 156
4B 8 Swine' 10489 10489 10706 10826 11257 10882
4B9 Poultry? 20982 20347 19734 17152 16136 16901

! Includes sows, weaners (7-30 kg) and fattening pigs (30-104 kg)
2 Includes laying hens and broilers

Emission factor

Emission factor for PMyo and PM;s recommended in the EMEP-CLRTAP
emission inventory guidebook Table 4.1 are used. The same emissions
factors are used for all years.

In Takai et al. (1998), dust emission from stables is estimated as "inhal-
able dust”. This is defined as particles that can be transported into the
body via the respiratory system. Approximately, “inhalable dust”
equates to TSP (Hinz, T. 2002 and ISO/CEN. 1993). Estimation of TSP is
based on the transformation factors for the conversion of inhalable dust
into PMyg given in inventory guidebook Table B3 in appendix B.



Table 6.12 Emission factor for particle emission from animal housing system

Emission factor Transformation
factor
Livestock cate- Stable PMio PMzs TSP PMio to TSP
gory system
[kg/hd/yr] [ka/hd/yr] [ka/hd/yr] [ka/hd/yr]
Cattle:
Dairy cattle Solid 0.36 0.23 0.78 0.46
Slurry 0.70 0.45 1.52 0.46
Calves < Y2 yr Solid 0.16 0.10 0.35 0.46
Slurry 0.15 0.10 0.33 0.46
Beef cattle Solid 0.24 0.16 0.52 0.46
Slurry 0.32 0.21 0.70 0.46
Heifer' Solid 0.26 0.17 0.57 0.46
Slurry 0.43 0.28 0.93 0.46
Suckling cattle® Solid 0.24 0.16 0.52 0.46
Slurry 0.32 0.21 0.70 0.46
Swine:
Sows Solid 0.58 0.094 1.29 0.45
Slurry 0.45 0.073 1.00 0.45
Weaners Solid® 0.18 0.029 0.40 0.45
Slurry 0.18 0.029 0.40 0.45
Fattening pigs Solid 0.50 0.081 1.11 0.45
Slurry 0.42 0.069 0.93 0.45
Poultry:
Laying hens Solid 0.017 0.0021 0.017 1.0
Slurry 0.27 0.052 0.27 1.0
Broilers Solid 0.35 0.045 0.35 1.0
Horses Solid 0.18 0.12 0.39 0.46

' Average of “calves” and “dairy cattle”
2 Assumed the same value as “Beef cattle”
8 Same as slurry based systems

6.4.3 Time-series

Table 6.12 shows the emission of particulate matter (PM) for each animal
category in the period 2000 to 2005. It is seen that the main part of the
emission originates from pig stables. In the period 2000 to 2005, the
emission has decreased by 7% due to a fall in production of broilers.

Table 6.12 PM emission 2000 — 2005 [Mg TSP]
2000 2001 2002 2003 2004 2005

NRF Animal category

4B 1a  Dairy 704 704 700 700 669 643
4B 1b  Non-dairy 431 431 402 384 370 341
4B 6 Horses 30 30 30 30 30 31
4B 8 Swine 8051 8051 8228 8316 8622 8293
4B9 Poultry 6359 6359 6171 5300 4948 5313
PM total - TSP 15574 15574 15531 14731 14639 14621
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UncertainTable 6.13 shows the estimated uncertainties for ammonia
sources. The figures are primarily based on the expert judgement of the
Faculty of Agricultural Sciences, University of Aarhus. The uncertainties
for the number of animals and hectares under cultivation with different
crops are very small. The Danish Normative System for animal excre-
tions is based on data from the Danish Agricultural Advisory Centre
(DAAC), which is the central office for all Danish agricultural advisory
services.

DAAC engages in a great deal of research as well as the collection of effi-
cacy reports from Danish farmers for dairy production, meat production,
pig production, etc to optimise productivity in Danish agriculture. In to-
tal, feeding plans from 15-18% of Danish dairy production, 25-30% of pig
production, 80-90% of poultry production and approximately 100% of
fur production are collected annually. These basic feeding plans are used
to develop the standard values of the “Danish Normative System”.

The system of standard values has been updated annually from 2000. For
dairy cows, approximately 800 feeding plans are used to develop the
normative figures. The normative figures (Poulsen et al. 2001) are com-
prised of arithmetic means. Based on feeding plans, the standard devia-
tion in N-excretion rates between farms can be estimated to +20% for all
animal types (Hanne D. Poulsen, DIAS, pers. comm). However, due to
the large number of farms included in the norm figures the arithmetic
mean, it can be assumed as a very good estimate with a low uncertainty.
All cattle, sheep and goats have their own ID-number (ear tags) and,
hence, uncertainty with regard to their numbers is almost absent. Statis-
tics Denmark has estimated the uncertainty in the number of pigs to be
less than 1%.

The combined effect of low uncertainty in actual animal numbers, feed
consumption and excretion rates gives a very low uncertainty in the ac-
tivity data as a whole. The major uncertainty, therefore, relates to the
emission factors.

Table 6.13 Estimated uncertainty associated with activities and emission factors for NH; and PM

Source Emission  Activity data Emission factor Combined Total Uncertainty 95%
Gg NHs % % uncertainty %  uncertainty % Gg NH3
4 Agriculture — NHj total 89.57 10.8 9.6
4B NH3 Manure Management 67.50 3.2 12.8 13.2 13.2 8.9
Stable 34.92 5 20 20.6
Storage 8.73 5 20 20.6
Spreading 23.77 5 20 20.6
Sewage sludge 0.07 2 20 20.1
4.D Agricultural Soils 22.08 0.9 16.9 16.9 16.9 3.7
Grazing animal 2.54 5 20 20.6
Synthetic fertiliser 5.56 1 25 25.0
Crops 13.71 1 25 25.0
Ammonia treated straw 0.26 10 25 26.9
Source Emission  Activity data Emission factor Combined Total Uncertainty 95%
Mg TSP % % uncertainty %  uncertainty % Mg TSP
4 Agriculture — PM total 14621 2 500 500 500 73106
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6.5 Quality assurance and quality control (QA/QC)

A general QA/QC and verification plan for the agricultural sector is still
under development, but some measures have been formulated as gen-
eral lines for the further work. The objectives for the quality planning, as
given in the CLRTAP Emission Inventory Guidebook, which is closely
related to the IPCC Good Practice Guidance, are to improve the trans-
parency, consistency, comparability, completeness and confidence.

To ensure consistency in the inventory, certain time-series have been
prepared for both the activity data and the emission factors, 1985 - 2004.
Considerable variation between years can reveal miscalculations or
changes in methods. These variations are checked and errors have been

rectified.

Activity data and emission factors are collected and discussed in coop-
eration with specialists and researchers at different institutes and re-
search sections. As a consequence, both data and methods are evaluated
continuously according to latest knowledge and information. A more de-
tailed description of quality assurance and quality control is given in the
Denmark’s National Inventory Report 2006 - submitted under the United
Nations Framework Convention on Climate Change (http://www?2-
.dmu.dk/1 Viden/2 miljoetilstand/3 luft/4 adaei/default en.asp).

6.6 Recalculations

Compared with the previous NH;z; emissions inventory (submission
2006), some updates have been made. These changes only reflect small

changes for the total NHz emission - less than 2% (Table 6.14).

In relation to the new chapter in EMEP-CLRTAP emission inventory
guidebook chapter B1100, the PM emission from animal husbandry been
recalculated. The recalculated total PM emission given in TSP is lower
due to a lower emission factor for cattle and swine. In 2004 the emission
is 11%lower than estimated in previous emission inventory (Table 6.14).

Table 6.14 Changes in NH3 emission in the agricultural sector compared to NRF reported last year

NH; emission 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Gg NH;

2003

2004

Previous 133055 128817 126769 124178 119555 112052 107928 107311 108411 103189 102623 101680 98816
Updated 132950 129057 126660 125741 120482 112946 108675 107433 108243 103553 102778 101310 98369
Difference (pct) -0.1 0.2 -0.1 1.3 0.8 0.8 0.7 0.1 -0.2 0.4 0.2 0.4 -0.5

PM emission 2000 2001 2002 2003 2004

94667
93867
-0.8

94757
95437
0.7

Gg TSP
Previous 16067 16727 16653 16412 16406
Updated 15772 15574 15531 14731 14639
Difference (pct) -2 7 -7 -10 -11
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6.7 Planned improvements

At present, the NH3 emission from sewage sludge used as fertiliser is
registered under NFR category 4.B 13 Manure Management “Other”. It is
planned to replace this emission source into NFR category 4.D Agricul-
tural Soils. The sewage sludge is applied to fields and, therefore, relates
more to the latter category.

Until now the number of bulls is based on the annually census. Instead,
it is planned to use information on slaughtering data received from Sta-
tistics Denmark, which better reflects the year production. At the same
time the exported animals will be included.

In recent years, there has been focus on reduction of the ammonia emis-
sion and especially the possibilities for emission reduction in stables. A
number of investigations to estimate the effects from technical measures
on the emission have been initiated. However, very few stables have im-
plemented ammonia reduction technologies, although these probably
will be an important issue in future. When data is available, it is planned
to implement the reduction effect in the emission inventory.

The PM emission from stables in 1985 to 1999 will be implemented in
NRF for the next reporting period.

For PM emission, it is planned to include the dust emission from arable
farming —i.e. harvesting and field preparation by machines. First draft to
guidelines is preformed but not yet final confirmed. The inventory from
Finland shows that dust emission from arable farming contributes with
approximately 25% of the total emission from the agricultural sector
(Karvosenoja et al., 2001 and Louhekainen et al., 1987), which indicates
the potential of a relevant PM emission source.
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7 Reporting spatially distributed emis-
sions on grid

7.1 Background for reporting

Geographically distributed emissions, has been reported to the UNECE
LRTAP Convention for the years 1990, 1995, 2000 and 2005. Emission
data are disaggregated to the standard EMEP grid with a resolution of
50km x 50km. Mandatory reporting are following 14 air pollutants: SOy,
NOy, NH3, NMVOC, CO, TSP, PMio, PM25, Pb, Cd, Hg, DIOX, PAH and
HCB. The reporting includes gridded data for sector totals as well as to-
tals for all sectors together. Guidelines for reporting air emissions on grid
are given in UN (2003). Gridded emission data are used in integrated
European air pollution models - e.g. RAINS/GAINS and EMEP’s chemi-
cal transport models. Table 7.1 lists the categories (sectors) used for re-
porting emission data on grid based on the Danish inventories.

Table 7.1 Categories used for reporting gridded emission data according to the guide-
lines from United Nations

UN categories used

Categories for Gridding for DK reporting
i

01 Combustion in Power Plants and Industry v

02a Transport above 1000m

02b Transport below 1000m

03 Commercial Residential and Other Stationary Combus-
tion

04 Fugitive Emissions from Fuels

05 Industrial Processes

06 Solvents and other product use

07 Agriculture

08 Waste

09 Other
Natural

< 2 2

R N

The gridded emission data for the 2007 reporting are available at the EU
eionet homepage that can be linked from either the NERI homepage
(www?) or the homepage of the European Environment Agency (Wwws®).

7.2 Methods and data for disaggregation of emission data

In the present work geographic data was used as proxies positioning the
activity, which causes the emission. As an example we used a geographic
data set for land cover of forest for distributing emissions from forest
machinery.

3 http://www.dmu.dk/

6 http://www.eea.europa.eu/




Based on the theme of forest land cover, fractions of forest in each grid
cell were calculated, and the total emission from forest machinery was
distributed in harmony with the fractions of forest in each grid cell. A
similar methodology was used for distributing emissions from other

categories.

An explanation of the applied methodology in greater detail is available
in Jensen et al., (2007). A wide range of different geographic data sets has
been applied in the mapping procedure. The most essential data are

listed in Table 7.2.

Table 7.1 List of different geographic data used in the mapping exercise.

Data owner

Data set

Contents

The National Survey and Cadastre

Topographic map

Geo-referenced basic map layers on
administrative units, Land cover, territo-
rial borders, coastline and infrastructure.

National Agency for Enterprise and
Construction

Central Dwelling and Building Register (Danish

abbreviation BBR)

Geo-referenced information on dwell-
ings and buildings

The Directorate for Food, Fisheries
and Agri Business

Geo-referenced information on stock of
livestock at farm level

The Directorate for Food, Fisheries
and Agri Business

Geo-referenced information on agricul-
tural fields

National Environmental Research
Institute

Large Point Sources (LPS)

Geo-referenced information on power
plants and large industrial plants

Danish Forest and Nature Agency

Military training terrain

Geo-referenced information on military
training terrains

The disaggregation was as far as possible done at the SNAP level within
the different reporting categories listed in Table 7.1. The disaggregation
at the highly detailed SNAP level was later aggregated to the reporting
categories (sector totals), and these were again further aggregated to na-
tional totals for all sectors. It is worth to mention that the composition of
the predefined reporting categories for gridded emission data are not
fully compatible with the categories used in the NFR-schemes for annual
reporting of emission data’ to UNECE.

7.3 Maps with geographical distributed emission data

It is not possible in this section to present all maps for all reporting years
and sectors. Therefore, we choose to show national totals for selected air
pollutants from the latest reporting year (2005). The selected air pollut-
ants are: Ammonia (NHs), sulphur dioxide (SO>), nitrogen dioxide (NOy)
and small particulate matter (PMzs). Figure 7.1 shows the geographical
distributed emissions for these air pollutants. Even from the national dis-
tributed totals, spatial patterns from the major sectors are recognisable.

7 The annual reporting of emission data to UNECE includes all air pollutants except

greenhouse gases.
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Figure 7.1 Geographical distribution of national emissions of NH3, SO», NO, and PM_ s in 2005.

Total ammonia (NH3) emission in 2005 NH3 Total sulphur dioxide (SO2) emission in 2005 $02

A Giga gram / year = A Giga gram / year

// D [ Jooo-005 h o [ Jo0o-002

A A \\\ [ Joos-022 [ Joos-007

[[Jo23-059 [ Joo0s-013

as [ 060-1.12 [ 0.14- 0,37

/ yd I 113- 170 [ 0:35- 0.59

7250 I o50- 101

251465 02163

N I 4 55-6.71 64325

AN
AN
’ \
AL

0 = 100 200 Kiometers o 50 100 200 Kilometers

Total nitrogen dioxide (NO2) emission in 2005 NO2 Total parti matter (PM2.5) emission in 2005 PM2.5

R A Giga gram / year N Giga gram / year

N [ Jooo-0.12 [ Jooo-002

N\ [ Jots-030 [ Joos-000

/\>\ [Joz1-055 [Jo10-02

AN [P 056- 0.99 [ 0.27- 045

[ 1.00- 163 I 0.5 - 0.65

Il 164-252 [ 055-0.92

I 253712 I 053137

731419 | RECENE]

0 50 100 200 Kiometers 0 50 100 200 Klometers

The agricultural sector is the major contributor to the national total NH3
emission. Emission of NHz is mainly related to livestock farming and es-
pecially to the handling of manure from the animals. Emissions of NH3;
are therefore related to storage and spreading of manure as well as emis-
sions from stables (Mikkelsen et al., 2006). The geographical pattern of
the NIH3 emission is in good agreement with the localisation and concen-
tration of the Danish livestock farming in the northern and western part
of Jutland.

The geographical distribution of SO; reflects mainly the localisation of
large power plants in Denmark, because these are the overall sources of
SO; emissions. During the 4 reporting years, this pattern has become
weaker, due to the implementation of techniques for reduction of sul-
phur in the outlet smoke from the power plants. Even though the SO;
emission has decreased dramatically it still produces a distinct pattern
reflecting the localisation of large power plants in Denmark.

For NO; the pattern is not that distinct as for SO, because it reflects a
combination of emission contributions from both power plants and in-
dustry, commercial and residential plants and as well transport — mainly
road transport. This means that the geographic pattern to a certain point
reflects the localisation of infrastructure, dwellings and power plants and
industry in Denmark.
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The distribution of PMys is mainly related to road transport and emis-
sions from residential wood use. Therefore the emissions of PM. follow
the localisation of the Danish road network and the large residential ar-
eas with single family houses.

As already mentioned the total SO, emission for Denmark has decreased
significantly since 1990. The total emission of SO, in 2005 corresponds to
approx. 12 percent of the total SO, emission in 1990. The spatially dis-
tributed pattern of SO, in 1990 is illustrated in Figure 7.2. For making
comparisons between the two reporting years — see also Figure 7.1.

Figure 7.2 Spatial pattern of the total annual SO, emission in Denmark in 1990.
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8 Recalculations and Improvements

In general, considerable work is being carried out to improve the inven-
tories. Investigations and research carried out in Denmark and abroad
produce new results and findings which are given consideration and, to
the extent which is possible, are included as the basis for emission esti-
mates and as data in the inventory databases. Furthermore, the updates
of the EMEP/CORINAIR guidebook, and the work of the Task Force on
Emission Inventories and its expert groups are followed closely in order
to be able to incorporate the best scientific information as the basis for
the inventories. The further important references in this regard are the
IPCC guidelines and IPCC good practice guidance.

The implementation of new results in inventories is made in a way so
that improvements, as far as possible, better reflect Danish conditions
and circumstances. This is in accordance with good practice. Further-
more, efforts are made to involve as many experts as possible in the rea-
soning, justification and feasibility of implementation of improvements.

In improving the inventories, care is taken to consider implementation of
improvements for the whole time-series of inventories to make it consis-
tent. Such efforts lead to recalculation of previously submitted invento-
ries. This submission includes recalculated inventories for the whole
time-series. The reasoning for the recalculations performed is to be found
in the sectoral chapters of this report. The text below focuses on im-
provements and recalculations, in general, and further serves as an over-
view and summary of the relevant text in the sectoral chapters.

8.1 Energy

Improvements and updates of the Danish energy statistics are made
regularly by the producer of the statistics, the Danish Energy Agency. In
close cooperation with the DEA, these improvements and updates are re-
flected in the emission inventory for the energy sector. The Danish en-
ergy statistics have, for the most part, been aggregated to the SNAP
categorisation. This, however, does not include energy statistics for fuel
consumption data for specific industries. In the current year the data for
disaggregation of fuel consumption and emissions has been updated.

The inventories are still being improved through work to increase the
number of large point sources, e.g. power plants, included in the data-
bases as individual point sources. Such an inclusion makes it possible to
use plant-specific data for emissions, etc, available e.g. in annual envi-
ronmental reports from the plants in question.



8.1.1 Energy

Stationary Combustion

The national energy statistics has been updated for the years 2000-2004.
This has resulted in increased emissions for the residential sector due to
an increase in the estimated wood consumption in residential plants. The
emission factors for NMVOC, PM, PAH and dioxin have been updated
for the residential sector.

8.1.2 Mobile sources

NO
The largest changes are for road transport, military, national sea trans-
port and agriculture.

Road transport: The 1985-2004 emission inventories have been updated
with new emission factors (COPERT IV) and mileage information (Dan-
ish Vehicle Inspection and Maintenance Programme). The COPERT IV
emission factors are derived from the European research project ARTE-
MIS, which has conducted new emission measurements and simulations
of emission factors for road transport vehicles. It is important to note that
ARTEMIS includes measurements for Euro I-IV engines and moreover
incorporates the so-called engine cycle beating effect.

Military: Emission factors derived from the new road transport simula-
tions have caused some changes in the emissions from 1985-2004.

National sea transport: A new research project has given new knowl-
edge, and the following changes have therefore been made to the na-
tional inventory which affects the emission results:

1) Updated emission factors from 1985-2004, and 2) The residual fuel use
amount from the fishery sector in the national energy statistics has been
moved to the national sea transport category, in the 1985-2004 period

Agriculture: Updated stock information for tractors and harvesters 2001-
2004, has given a fuel use and emissions increase for these years.

NMVOC
The largest changes are for road transport and agriculture.

Road transport: The emission factor and mileage updates have given a
slight emission change for NMVOC from 1985-2004.

Military: Emission factors derived from the new road transport simula-
tions have caused minor changes in the emissions from 1985-2004.

Agriculture: Updated stock information for tractors and harvesters 2001-
2004, has given a fuel use and emissions increase for these years.

SOZ and NH3
No changes of significance have occurred.
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8.1.3 Industrial processes

SO, emissions from a sulphur recovery plant in sector ‘Chemical Indus-
try’ have been included as process emissions.

The estimated SO, and NOyx emissions from cement production have
been updated for the years 2002 to 2004.

Solvent

A survey based on new methodologies results in new NMVOC emission
estimates. Revisions have been made regarding use of pentane and sty-
rene in the plastic industry, use and emission factors of glycolethers, use
and emission factor of tetrachloroethylene and reassignment of some
product groups from degreasing to paints.
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This report is a documentation report on the emission inventories for Den-
mark as reported to the UNECE Secretariat under the Convention on
Long Range Transboundary Air Pollution due by 15 February 2007. The
report contains information on Denmark’s emission inventories regar-
ding emissions of (1) SOX for the years 1980-2005, (2) NO,, CO, NMVOC
and NH, for the years 1985-2005; (3) Particulate matter: TSP, PM,, PM,
for the years 2000-2005, (4) Heavy Metals: Pb, Cd, Hg, As, Cr, Cu, Ni, Se
and Zn for the years 1990-2005, and (5) Polyaromatic hydrocarbons (PAH):
Benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene and inde-
no(1,2,3-cd)pyrene for the years 1990-2005. Further, the report contains
information on background data for emissions inventory.
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