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Executive summary

ES.1. Background information on greenhouse gas
inventories and climate change

Reporting

This report is Denmark’s National Inventory Report (NIR) 2011 for sub-
mission to the United Nations Framework Convention on Climate
change and the Kyoto Protocol, due April 15, 2011. The report contains
detailed information about Denmark’s inventories for all years from 1990
to 2009. The structure of the report is in accordance with the UNFCCC
guidelines on reporting and review. The main difference between Den-
mark’s NIR 2011 report to the European Commission, due March 15,
2011, and this report to UNFCCC is reporting of territories. The NIR 2011
to the EU Commission was for Denmark, while this NIR 2011 to
UNFCCC is for Denmark, Greenland and the Faroe Islands. The sug-
gested outline provided by the UNFCCC secretariat has been followed to
include the necessary information under the Kyoto Protocol. The report
includes detailed and complete information on the inventories for all
years from year 1990 to the year 2009, in order to ensure transparency.

The annual emission inventories for the years from 1990 to 2009 are re-
ported in the Common Reporting Format (CRF). Within this submission
separate CRF’s are available for Denmark (EU), Greenland, the Faroe Is-
lands, for Denmark and Greenland (KP) as well as for Denmark,
Greenland and the Faroe Islands (UNFCCC). The CRF spreadsheets con-
tain data on emissions, activity data and implied emission factors for
each year. Emission trends are given for each greenhouse gas and for to-
tal greenhouse gas emissions in CO» equivalents.

The issues addressed in this report are: Trends in greenhouse gas emis-
sions, description of each emission category of the CRF, uncertainty es-
timates, explanations on recalculations, planned improvements and pro-
cedure for quality assurance and control.

This report itself does not contain the full set of CRF tables. Only the
trend tables, Tables 10.1-5 of the CRF format for Denmark, are included,
refer to Annex 8. The full set of CRF tables is available at the EIONET,
Central Data Repository, kept by the European Environmental Agency:
http:/ /cdr.eionet.europa.eu/dk/Air Emission Inventories

Please note that figures in Annex 8 are in the Danish notation, which is
“,” (comma) for decimal sign and “.” (full stop) to divide thousands. In
the report (except where tables are taken from the CRF as “pictures” as
in Annex 8) English notation is used: “.” (full stop) for decimal sign and
mostly space for division of thousands. The English notation for division

of thousand as “,” (comma) is mostly not used due to the risk of being
misinterpreted by Danish readers.



Institutions responsible

On behalf of the Ministry of the Environment and the Ministry of Cli-
mate and Energy the National Environmental Research Institute (NERI),
Aarhus University, is responsible for the calculation and reporting of the
Danish national emission inventory to EU and the UNFCCC (United Na-
tions Framework Convention on Climate Change) and UNECE CLRTAP
(Convention on Long Range Transboundary Air Pollution) conventions.
Hence, NERI prepares and publishes the annual submission for Den-
mark to the EU and UNFCCC of the National Inventory Report and the
greenhouse gas (GHG) inventories in the Common Reporting Format, in
accordance with the UNFCCC guidelines. Further, NERI is responsible
for reporting the national inventory for the Kingdom of Denmark to the
UNFCCC. NERI is also the body designated with overall responsibility
for the national inventory under the Kyoto Protocol for Greenland and
Denmark. Furthermore, NERI participates when reporting issues are dis-
cussed in the regime of UNFCCC and EU (Monitoring Mechanism).

The work concerning the annual greenhouse gas emission inventory is
carried out in cooperation with Danish ministries, research institutes, or-
ganisations and companies. The Government of Greenland is responsible
for finalising and transferring the inventory for Greenland to NERI. The
Faroe Islands Environmental Agency is responsible for finalising and
transferring the inventory for the Faroe Islands to NERI.

Greenhouse gases
The greenhouse gases reported are those under the UN Climate Conven-
tion:

e Carbon dioxide CO;
e Methane CHa4
e Nitrous Oxide N>O
e Hydrofluorocarbons HFCs
e Perfluorocarbons PFCs

e Sulphur hexafluoride SFs

The global warming potential (GWP) for various greenhouse gases has
been defined as the warming effect over a given time of a given weight
of a specific substance relative to the same weight of CO. The purpose of
this measure is to be able to compare and integrate the effects of the in-
dividual greenhouse gases on the global climate. Typical lifetimes in the
atmosphere of greenhouse gases are very different, e.g. approximately 12
and 120 years for CHs and N2O, respectively. So the time perspective
clearly plays a decisive role. The lifetime chosen is typically 100 years.
The effect of the various greenhouse gases can then be converted into the
equivalent quantity of COy, i.e. the quantity of CO» giving the same ef-
fect in absorbing solar radiation. According to the IPCC and their Second
Assessment Report, which UNFCCC has decided to use as reference, the
global warming potentials for a 100-year time horizon are:

e COy 1
e Methane (CHy): 21
e Nitrous oxide (NO): 310

Based on weight and a 100-year period, CHy is thus 21 times more pow-
erful a greenhouse gas than CO, and N>O is 310 times more powerful

11
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than CO». Some of the other greenhouse gases (hydrofluorocarbons, per-
fluorocarbons and sulphur hexafluoride) have considerably higher
global warming potentials. For example, sulphur hexafluoride has a
global warming potential of 23 900. The values for global warming po-
tential used in this report are those prescribed by UNFCCC. The indirect
greenhouse gases reported are Nitrogenoxide (NOy), Carbonmonooxide
(CO), Non-Methane Volatile Organic Compound (NMVOC) and Sul-
phurdioxid (SOz). Since no GWP is assigned these gases they do not con-
tribute to GHG emissions in CO»-equivalents.

ES.2. Summary of national emission and removal trends

Summary ES.1-4 is the inventory for Denmark only. The inventories for
Greenland, Denmark and Greenland and the Faroe islands are described
in Chapter 16 and 17 and Annex 9, respectively.

ES.2.1 Greenhouse gas emissions inventory

The greenhouse gas emissions are estimated according to the IPCC
guidelines and guidance and are aggregated into seven main sectors. Ac-
cording to decisions made under the UNFCCC and the Kyoto Protocol
the greenhouse gas emissions are estimated according to the IPCC 1996
guidelines and the IPCC 2000 good practice guidance. The greenhouse
gases include CO,, CHs, N2O, HFCs, PFCs and SFs. Figure ES.1 shows
the estimated total greenhouse gas emissions in CO; equivalents from
1990 to 2009. The emissions are not corrected for electricity trade or tem-
perature variations. CO; is the most important greenhouse gas contribut-
ing in 2009 to the national total emission in CO; equiv. excluding LU-
LUCF (Land Use and Land Use Change and Forestry) with 78.8 %, fol-
lowed by N>O with 10.1 %, CHs with 9.7 % and F-gases (HFCs, PFCs and
SFs) with 1.4 %. Seen over the time span from 1990 to 2009 these contri-
butions (in percentages) have been increasing for CO, and F-gases, al-
most constant for CHs and decreasing for N>O. Stationary combustion
plants, transport and agriculture represent the largest emission catego-
ries, followed by Industrial processes, Waste and Solvents, see Figure
ES.1. The net CO, uptake for the LULUCF sector in 2009 is 1.8 % of the
total emission in CO» equivalents (excluding LULUCF). The national to-
tal greenhouse gas emission in CO» equivalents excluding LULUCF has
decreased by 10.3 % from 1990 to 2009 and decreased 15.9 % including
LULUCEF. Comments on the overall trends on the individual greenhouse
gases etc. seen in Figure ES.1 are given in the sections below.
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Figure ES.1 Greenhouse gas emissions in CO, equivalents distributed on main sectors (excl. LULUCF) for 2009 and time-series for

1990 to 2009, where data for CO, excludes LULUCF.

ES.2.2 KP-LULUCEF activities

Net removals from Afforestation Reforestation Deforestation (ARD) ac-
tivities in 2009 were 111.8 Gg CO> eqv., hereof 0.4 Gg CO2 eqv. owe to
N20 emissions from disturbance of soils. Net emissions from FM activity
were 2 591.1 Gg COz eqv. (Table ES.1) hereof 12.0 Gg CO; eqv. owe to
N20 emissions from drainage of soils.

For Cropland Management (CM) the net emissions in 2009 were 1369.3
Gg COz eqv. compared to a net emission in 1990 of 3 188.6 Gg CO. eqv.

For Grassland Management (GM) the net emissions in 2009 were 185.6
Gg COz eqv. compared to a net emission in 1990 of 313.6 Gg CO» eqv.

Table ES.1 Emissions and removals in 2008 for activities relating to Article 3.3 and Atrticle 3.4.

Net CO, .
emissions/ CH, N-O Ngt 0.02 equivalent
emissions/ removals
removals
(Gg)
A. Article 3.3 activities -111.83
A.1. Afforestation and Reforestation -145.31 NO IE,NA,NO -145.31
Units of land not harvested since the beginning of
the commitment period -145.31 NO IE,NA,NO -145.31
Units of land harvested since the beginning of the
commitment period IEENO NO IE,NO IE,NO
A.2. Deforestation 33.07 NO 0.00 33.48
B. Article 3.4 activities -1024.17
B.1. Forest Management -2591.13 NO 0.04 -2579.10
B.2. Cropland Management 1369.28 NO IE,NANO 1 369.28
B.3. Grazing Land Management 185.64 NO NO 185.64
B.4. Revegetation NA NA NA NA

13
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ES.3. Overview of source and sink category emission
estimates and trends

ES.3.1 Greenhouse gas emissions inventory

Energy

The largest source of the emission of CO; is the energy sector, which in-
cludes the combustion of fossil fuels such as oil, coal and natural gas.
Energy excluding transport contributes in 2009 with 49 % of the national
total CO, emissions (excl. LULUCF). The transport sector accounts for
approximately 27 %. The CO; emission from the energy sector including
transport decreased by approximately 9 % from 2008 to 2009. The rela-
tively large fluctuations in the emission time-series from 1990 to 2009 are
due to inter-country electricity trade. Thus, high emissions in 1991, 1994,
1996, 2003 and 2006 reflect electricity export and the low emissions in
1990 and 2005 were due to import of electricity in these years. The low
emission in 2009 is due to a decrease in the energy demand due to the
economic recession. The minor increasing emission of CHys is due to in-
creasing use of gas engines in the decentralised cogeneration plants. The
deregulation of the electricity market has made production of electricity
in gas engines less favourable, therefore the fuel consumption has de-
creased and hence the CHj emission has decreased. The CO, emission
from the transport sector has increased by 23 % since 1990, mainly due to
increasing road traffic.

Industrial processes

The emissions from industrial processes, i.e. emissions from processes
other than fuel combustion, amount to 2.9 % of total emissions in CO»-
equivalents (excl. LULUCF) in 2009. The main categories are cement
production, refrigeration, foam blowing and calcination of limestone.
The COz emission from cement production — which is the largest source
contributing in 2009 with 1.3 % of the national total — increased by 13 %
from 1990 to 2009. The second largest source has been N>O from the
production of nitric acid. However, the production of nitric
acid/fertiliser ceased in 2004 and therefore the emission of N>O also
ceased.

The emission of HFCs, PFCs and SFs has increased by 161 % from 1995
until 2009, largely due to the increasing emission of HFCs. The use of
HEFCs, and especially HFC-134a, has increased several fold and thus
HEFCs have become the dominant F-gases, contributing 67 % to the F-gas
total in 1995, rising to 94 % in 2009. HFC-134a is mainly used as a refrig-
erant. However, the use of HFC-134a is now stabilising. This is due to
Danish legislation, which in 2007, banned new HFC-based refrigerant
stationary systems. However, in contrast to this trend is the increasing
use of air conditioning systems in mobile systems.

Solvents

The use of solvents in industries and households contribute 0.1 % of the
total greenhouse gas emissions in COz-equivalents. There is a 48 % de-
crease in COz emissions from 1990 to 2009. In 2009 N2O comprises 36 %
of the total COz-equivalent emissions for solvent use.



Agriculture

The agricultural sector contributes in 2009 with 15.8 % of the total green-
house gas emission in CO»-equivalents (excl. LULUCF) and is one of the
most important sectors regarding the emissions of N>O and CHs. In 2009
the contributions to the total emissions of N>O and CHs were 91 % and
70 %, respectively. The main reason for the decrease of 32 % in the emis-
sion of N2O from 1990 to 2009 is a legislative demand for an improved
utilisation of nitrogen in manure. This results in less nitrogen excreted pr
livestock unit produced and a considerable reduction in the use of fertil-
isers. From 1990 to 2009, the emission of CHy from enteric fermentation
has decreased due to decreasing numbers of cattle. However, the emis-
sion from manure management has increased due to changes in stable
management systems towards an increase in slurry-based systems. Alto-
gether, the emission of CHys for the agricultural sector has decreased by 3
% from 1990 to 2009.

Land Use and Land Use Change and Forestry (LULUCF)

The LULUCEF sector alters between being a net sink and a net source of
GHG. In 2009 LULUCF was a net sink with 1.8 % of the total GHG emis-
sion excluding LULUCF. In 2008 LULUCF was a net sink equivalent to
3.3 % of the total GHG emission (excluding LULUCEF). In 2009 Forest
Land was a large sink of 2 724 COz-eqv., while Cropland, Grassland,
Wetlands and Settlements was net sources contributing with 1 347 Gg
CO2-eqv., 199 Gg COzr-eqv., 5 Gg COzx-eqv. and 54 Gg COz-eqv., respec-
tively. The emission from Croplands is mainly due to emissions from or-
ganic soils. Since 1990 there has been a decrease in the total C-stock in
soil. Despite the global warming it seems that this decrease has stabilized
so that it is possible to maintain the current C-stock level in soil.

Waste

The waste sector contributes in 2009 with 2.2 % of the national total. The
trend of emission from 1990 to 2009 is decreasing by 0.4 %. The sector is
dominated by CH4 emission from solid waste disposal contributing with
87.0 % to the sector total in 2009. This emission has decreased by 6.4 %
from 1990 to 2009. The decrease is due to the increasing incineration of
waste for power and heat production. Since all incinerated waste is used
for power and heat production, the emissions are included in the 1A
IPCC category.

The CHs and N2O emissions from wastewater handling contribute to the
sectoral total with 6.2 and 66 %, respectively. For the wastewater han-
dling the CH4 emissions has an increasing trend while N>O are at the
same level as in 1990. Waste incineration without energy recovery con-
tributes to the sectoral total of CHs and N>O emissions in 2009 with 7 %
and 34 %, respectively; the trends of these emissions are increasing from
1990 to 2009.

ES.3.2 KP-LULUCEF activities

In 2009 the activities under Article 3.3 was a net sink of 112 Gg CO»-eqv.
and the activities under Article 3.4 was a net sink of 1 024 Gg COz-eqv. A
short overview of KP-LULUCEF is given in Chapter ES.2.2 and a more de-
tailed description is given in Chapter 11.
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ES.4. Other information

ES.4.1 Quality assurance and quality control

A plan for Quality Assurance (QA) and Quality Control (QC) in green-
house gas emission inventories is included in the report. The plan is in
accordance with the guidelines provided by the UNFCCC (Good Practice
Guidance and Uncertainty Management in National Greenhouse Gas In-
ventories and Guidelines for National Systems). ISO 9000 standards are
also used as an important input for the plan.

The plan comprises a framework for documenting and reporting emis-
sions in a way that emphasize transparency, consistency, comparability,
completeness and accuracy. To fulfil these high criteria, the data struc-
ture describes the pathway, from the collection of raw data to data com-
pilation and modelling and finally reporting.

As part of the Quality Assurance (QA) activities, emission inventory sec-
tor reports are being prepared and sent for review to national experts,
not involved in the inventory development. To date, the reviews have
been completed for the stationary combustion plants sector, the fugitive
emissions from fuels sector, the transport sector, the solvents and other
product use sector and the agricultural sector. In order to evaluate the
Danish emission inventories, a project where emission levels and emis-
sion factors are compared with those in other countries has been con-
ducted.

ES.4.2. Completeness

The Danish greenhouse gas emission inventories include all sources
identified by the revised IPPC guidelines.

Please see Annex 5 for more information.

ES.4.3. Recalculations and improvements

The main improvements of the inventories are:

Energy

Stationary Combustion

For stationary combustion plants, the emission estimates for the years
1990-2008 have been updated according to the latest energy statistics
published by the Danish Energy Agency. The update included both end
use and transformation sectors as well as a source category update.

The petroleum coke purchased abroad and combusted in Danish resi-
dential plants is no longer included in the inventory. The border trade
have been increasing since 1990 and was 628 TJ in 2008.

The CO; emission factors for coal have been recalculated for 1990-2008.
The recalculation has resulted in an improved time-series consistency.
Due to the considerable consumption of coal, this recalculation is consid-
erable for the years 1990-2005 before plant specific data (EU ETS) became
available. The recalculation resulted in lower estimates for CO»: -1.9 Gg
in 2009 and -245 Gg in 1990.



The CO; emission factors for residual oil have also been recalculated
based on the EU ETS data and an improved time-series has been imple-
mented.

The CO; emission factors for LPG and kerosene have been changed and
both emission factors now refer to the IPCC Guidelines (1996).

Emission factors for CHy and N>O that are not country specific have been
updated and now all refer to the IPCC Guidelines (1996).

Mobile sources

Road transport

The total mileage per vehicle category from 2005-2008 have been up-
dated based on new data prepared by DTU Transport (Department of
Transport, Technical University of Denmark). More accurate fleet and
mileage figures are provided by the latter institution, split into the dif-
ferent vehicle layers of the emission model. An important change is the
categorisation of fleet data for heavy duty trucks and buses into the nu-
merous weight classes covered by the COPERT IV model.

The minimum and maximum percentage difference and year of numeric
maximum differences (min. %, max. %, year of max. %) for the different
emission components are: CO, (-0.081%, 0.082 %, 1993), CH4 (-1.3 %, -
17.9 %, 2008) and N>O (-4.6 %, 3.7 %, 1991).

National sea transport

Fuel consumption by vessels sailing between Denmark and
Greenland /Faroe Islands, and between Denmark and the North Sea off
shore installations has been added to this category. Previously this fuel
consumption was reported under international sea transport. The corre-
sponding minimum and maximum percentage difference and year of
numeric maximum differences (min. %, max. %, year of max. %) for the
different emission components are: COz (9.2 %, 30.8 %, 2008), CH4 (4.6 %,
10.7 %, 2008) and N2O (9.6 %, 34.0 %, 2008).

Fisheries

Due to the changes made in national sea transport and the fuel transfer-
ral between national sea transport and fisheries made as an integral part
of the Danish inventories, significant fuel consumption and emission
changes have been made for the fishery sector accordingly, for 2001 on-
wards. The corresponding minimum and maximum percentage differ-
ence and year of numeric maximum differences (min. %, max. %, year of
max. %) are (27 %, 39 %, 2006), for all emission components.

Agriculture

The stock of harvesters have been updated for the years 2001-2008, based
on discussions with the Danish Knowledge Centre for Agriculture. For
gasoline fuelled ATV’s the stock has been updated for 2007 and 2008.
The changes in fuel consumption and emissions are between 0 and 2 %
for CO, and N2O, whereas for CHj the emission changes are 12 % and 21
%, in 2007 and 2008, respectively.

Agriculture/forestry/fisheries
The total consequences for agriculture/forestry/fisheries, expressed as
minimum and maximum percentage difference and year of numeric
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maximum differences (min. %, max. %, year of max. %) for the different
emission components are: COz (9.6 %, 12.1 %, 2006), CHy (4.0 %, 21.7 %,
2008) and N2O (12.4 %, 15.5 %, 2008).

Military

Emission factors derived from the new road transport simulations have
caused some emission changes from 1985-2008. The minimum and
maximum emission differences (min. %, max. %) for the different emis-
sion components are: CHy (-1 %, -16 %) and N2O (-4 %, 1 %).

Residential

A split in activity codes has been made. In this way the majority of the
fuel consumption and emissions previously reported under residential
(SNAP code 0809; NFR code 1A4b) are now reported under commer-
cial/institutional (SNAP code 0811; NFR code 1A4a ii).

No changes have been made in the estimated fuel consumption and
emissions for Residential and Commercial /institutional as a sum.

Commercial/institutional

A split in activity codes has been made. The majority of the fuel con-
sumption and emissions previously reported under residential (SNAP
code 0809; NFR code 1A4b) are now reported under commer-
cial /institutional (SNAP code 0811; NFR code 1A4a ii).

No changes have been made in the estimated fuel consumption and
emissions for Residential and Commercial /institutional as a sum.

Industrial non road machinery

The annual working hours for fork lifts in 2008 have been adjusted with
a factor of 0.95 due to the decrease in activities caused by the global fi-
nancial crisis. The total fuel consumption and emission changes in 2008
for industrial non road machinery are approximately -1 %.

Railways
No changes have been made.

Aviation

Very small emission changes between -2 % and 1 % occur for the years
2001-2008, due to inclusion of new aircraft types assigned to the repre-
sentative aircraft types.

Fugitive emissions

Service stations

The amounts of gasoline sales used for calculation of fugitive emissions
from service stations (SNAP 050503) have been updated according to the
Energy Statistics for 2009 1990-2008. The NMVOC emission in 2008 has
thereby increased by 6 Mg corresponding to 0.5 %.

Extraction of oil and gas

Fugitive emissions from extraction are calculated from the standard for-
mula in the EMEP/EEA Guidebook (EMEP/EEA, 2009) based on the
number of platforms. In 2009 the number of platforms has been corrected
for 2007 and 2008. In 2008 the NMVOC emission decreased by 20 Mg ac-
cording to this correction corresponding to 1 %.



Gas distribution

Distribution amounts have been updated for one of three natural gas dis-
tribution companies for the years 2006-2008 due to new data availability.
The NMVOC emission has thus decreased by 4 Mg in 2008 due to this,
corresponding to 10 %. Emissions from venting in gas storage have pre-
viously been included in gas transmission, but are now included in the
venting and flaring category (1B2c). The emissions have not been
changed for the time-series during the IPCC category shift.

Flaring in oil and gas extraction

The NMVOC emission in 2008 from flaring in the gas treatment plant
has been updated according to the environmental report leading to an
increase of 2 Mg NMVOC. The increase corresponds to 12 % of the
NMVOC emission from flaring in oil and gas extraction including off-
shore flaring. Emissions from venting in gas storage have previously
been included in gas transmission, but are now included in the venting
and flaring category (1B2c). The emissions have not been changed for the
time-series during the IPCC category shift.

Industry

Emission of NMVOC from 2D2 Food and Drink has been improved by
using better emission factors for production of bread and cookies, and
breweries.

For F-gases there has been a change in the methodology for mobile air
condition. Information on actual amounts of f-gas used for refilling is
available from 2009 and has been used as an estimate on f-gas emitted
during use of the air condition.

Solvents

Further improvement of the source allocation model, which combines in-
formation on Use Categories and NACE Industrial Use Categories from
SPIN and use amounts from Statistics DK.

Implementation of correct 2008 import amounts for xylene, which has
been verified by Statistics Denmark.

Emissions from use of fireworks have been included under Other Prod-
uct Use.

Agriculture

Some changes for emissions from the agricultural sector have taken
place. These changes reflect decreased emissions in the years 1990-2008
up to 7 % compared to the total COz-equivalent emission from the agri-
cultural sector. The decrease is due to an increase in the emissions of CHy
but a higher decrease in the emission of N>O.

As recommended by ERT during the in-country review in September
2010, the MCF factor for housing systems with deep litter stored > 1
month is changed from 1 to 10 %. The change in MCF factors influence
emissions from cattle, sheep and goats. The total CHs emission increased
up to 4 % in COz-equivalents for the years 1990-2008 with an increasing
trend.
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The decrease in N2O emissions is mainly due to a change in the calcula-
tion of emission form N-leaching. Because of new data it is now possible
to separate the calculation of emissions from leaching in emissions from
groundwater and surface drainage, rivers and estuaries.

Two changes have been made which have an increasing effect on the
N20 emission. The implied emission factor for histosols is changed from
2-3 kg N2O-N per hectare to an IPCC default value at 8 kg N2O-N per
hectare, as recommended by ERT during the in-country review in Sep-
tember 2010. Furthermore, an error for N excreted from sows has been
corrected. The total N>O emissions decreased up to 12 % in CO»-
equivalents for the years 1990-2008.

LULUCF

As a consequence of the Danish election of 3.4 for forest management,
cropland management and grassland management is a thoroughly inves-
tigation of the LULUCF undertaken. Some results from this investigation
are included in this submission, whereas other data will be included in
the final 2011 submission. This investigation includes a wall-to-wall
mapping of the Danish area through remote sensing (RS) for 1989/90
and 2005, a new soil map for organic soils, Danish emission factors for
organic soils, monitoring of hedgerows etc. This submission includes re-
sults from the RS, which change several data. The use of RS has made it
possible to estimate land use conversion to a much higher degree than
previous. The changes in the land area/activity data from the remote
sensing affect more or less all subsequent emission estimates.

Forestry

Based on the mapped forest area in 1990 and 2005 a calculation of carbon
stored in both the old forests (forest established pre-1990 - under the
Kyoto Protocol Article 3.4) and in new forests (afforestation since 1990 -
under the Kyoto Protocol Article 3.3) has been performed. The afforesta-
tion since 1990 has been mapped to be larger than previously estimated.

The calculation of carbon stock in 1990 and 2000 is based on the age dis-
tribution as reported in census 1990 and Forest in 2000 as an expression
of the total forest land allocation to species and ages. Based on the actual
measurements of carbon storage in different species and age classes, the
total standing carbon stock has been recalculated. For each of the years
1990 - 2000 carbon pools are calculated as a moving average, corrected
for the deforestation that was detected.

Since the National Forest Inventory (NFI) was initiated in 2002, it is rep-
resentative from 2005. Calculation of carbon stock in the period 2000-
2004 is based on NFI in 2005 and carbon stock as calculated for 2000. For
2005-2009 carbon stock is calculated solely on the basis of the NFI - with
additional information about the total forest area from satellite image

mapping.

The recalculations have caused Forestry to go from a source of 133 Gg
COzin 2008 to be a net sink of -233 Gg CO.. N2O is only slightly affected.

Cropland, grassland, wetlands and settlements
For cropland, grassland, wetlands and settlements there has been
changes in soil carbon stock from land use changes. There have been mi-



nor changes in how the agricultural land area is estimated due to the re-
mote sensing. As new data are arriving from our research programme
many new national data has been implemented. The major change comes
from our study on the area with organic soils where preliminary data
has shown that the area is more likely only 50 000 hectares and not 80
000 hectares as previous reported. This has reduced the overall emission
from cropland in 2008 from 2 687 Gg CO; to 2 267 Gg COs.. Final data
will be submitted on March 15, 2011. Further more there are changes in
grassland, wetlands and settlements but with lesser impact.

Waste
For Solid Waste Disposal no recalculations were made.

For Waste Water handling recalculations was made for 1990 to 2008 for
CHs and N2O emissions.

The methane emission Waste Water handling have this year been speci-
tied according to contributions from 1) the sewer system, 2) in primary
settling tanks 3) during biological N and P removal and 4) from anaero-
bic treatment processes in closed systems with biogas extraction and
combustion for energy production. In this years inventory an estimation
of methane emissions from the septic system has been included. Fur-
thermore, a yearly emission factor for the anaerobic processes has been
implemented as reported in Chapter 8.3.

Updated quality assured data on the N content in the effluent wastewa-
ter for 2005-2009, have resulted in changes of indirect N>O emission.

Correction of an error in the EF algorithm for direct N2O emissions has
resulted in an increase of 13.7% of the direct N>O emission.

Emissions from waste incineration have decreased as the calculated
emissions from accidental building and vehicle fires have been moved
from this section to the waste other section. There are no longer non-
biogenic CO, emissions from this category.

For the category Waste Other; in addition to the increase in emission due
to the moving of accidental fires, are the emissions of methane and ni-
trous oxide from compost production, which are new in this year’s in-
ventory.

The sectoral total increased between 6.1 % (1990) and 12.6 % (2007). For
2008 the increase was 11.3 %.

KP-LULUCF
Almost all sectors in the KP-LULUCEF have been recalculated.

This is due to:

e small changes in Land Use Matrix, which affect the land use conver-
sions,

e updated data from the Danish NFI for C-stock changes in above-,
belowground, dead wood and litter,

e anew soil map for organic soils,

e anew R:S factor for vegetation in grassland,

* new emission factors for organic soils,
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e new data on C-stock in mineral soils from our research (0-100 cm dept
compared to 0-50 cm/0-30 cm in the previous submission to be used
when land use change takes place,

e correction of errors in the previous reporting.

The major changes in afforestation/reforestation are corrections of errors
in the previous submission and changed methodology for estimation of
C accumulation in litter as recommended by the previous ERT.

For deforestation the main reason is a small change in living biomass
and updated values on C-stock in mineral soils.

For forest management the major change is due to updated values from
the NFI on C-stocks in living biomass.

For cropland management and grazing land management the changes
are primarily due to the new soil map for organic soils and the new
emission factors for organic soils. The analysis has shown that a large
part of the area should be classified as grazing land and not as cropland.
Consequently has there been a reduction of 150-200 Gg CO»-eqvivalents
in the emissions from CM and a similar increase in the emission from
GM.

For more information on KP-LULUCF recalculations please refer to
Chapter 10 and 11.



Sammenfatning

S.1. Baggrund for opgerelse af drivhusgasemissioner og
klimaandringer

Rapporteringen

Denne rapport er Danmarks arlige rapport — den sakaldte Nationale In-
ventory Report (NIR) for 2011. Rapporten beskriver drivhusgasopgerel-
sen som blev fremsendt til FN’s konvention om klimasendringer
(UNFCCC) og Kyotoprotokollen den 15. april 2011. Rapporten indehol-
der detaljerede informationer om Danmarks drivhusgasudslip for alle ar
fra 1990 til 2009. Rapportens struktur er i overensstemmelse med
UNFCCC'’s retningslinjer for rapportering og review. Hovedforskellen
mellem Danmarks NIR 2011 som blev fremsendt til EU-Kommissionen
til den 15. marts 2011, og denne rapport til UNFCCC vedrerer det terri-
torium rapporteringen omfatter. NIR 2011 til EU-Kommissionen var for
Danmark, mens NIR 2011 til UNFCCC er for Danmark, Grenland og Fee-
reerne. For at sikre at opgerelserne er sammenheengende og gennem-
skuelige indeholder rapporten detaljerede oplysninger om opgerelses-
metoder og baggrundsdata for alle arene fra 1990 og til 2009.

Denne emissionsopgerelse for arene 1990 til 2009, er som tidligere arlige
opgerelser, rapporteret i formatet Common Reporting Format (CRF) som
Klimakonventionen foreskriver anvendt. Emissionsopgerelsen i CRF fo-
religger med denne rapportering saledes at der er separate CRF for
Danmark (EU), Grenland, Feergerne, for Danmark og Grenland (KP)
samt for Danmark, Grenland og Feergerne (Klimakonventionen). CRF-
tabellerne indeholder oplysninger om emissioner, aktivitetsdata og emis-
sionsfaktorer for hvert ar, emissionsudvikling for de enkelte drivhusgas-
ser samt den totale drivhusgasemission i COz-aekvivalenter.

Folgende emner er beskrevet i rapporten: Udviklingen i drivhusgasemis-
sionerne, metoder mv. som anvendes til opgerelserne i de emissionska-
tegorier som findes i CRF-formatet, usikkerheder, rekalkulationer, plan-
lagte forbedringer og procedure for kvalitetssikring og —kontrol.

Denne rapport indeholder ikke det fulde seet af CRF-tabeller. Kun trend-
tabellerne fra CRF for Danmark, som viser udviklingen for de rapporte-
rede direkte drivhusgasser - CO,, CHs 0og N2O - for 1990-2009 (tabellerne
10.1-5 fra CRF-formatet) er medtaget, se Annex 8. Det fulde saet af CRF
tabeller er tilgeengelige pa EIONET, som er det Europeeiske Miljgagen-
turs rapporterings-internetsite:

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

Med hensyn til gengivelsen af tal i rapporten og i CRF-formatet, gores

"o

opmeerksom pa at Annex 8 er med dansk notation: “,” (komma) for de-

cimaladskillelse og “.” (punktum) til adskillelse af tusinder. I rapporten
(undtagen i de fa tilfeelde hvor tabeller er indsat som “billede” fra CRF,

a“" o7y

som Annex 9) er den engelske notation brugt: “.” (punktum) for decimal-
tegn og for det meste mellemrum for adskillelse af tusinder. Den engel-
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ske notation for adskillelse af tusinder med “,” (komma) er for det meste
ikke brugt pa grund af risikoen for fejltagelser for danske leesere.

Ansvarlige institutioner

Danmarks Miljgundersogelser (DMU) ved Aarhus Universitet er pa
vegne af Miljoministeriet samt Klima- og Energiministeriet ansvarlig for
udregning og afrapportering af den nationale emissionsopgerelse til EU
og til UNFCCC (FN's konvention om klimazendringer) savel som til
UNECE-konventionen om langtransporteret graenseoverskridende luft-
forurening. Som felge heraf er DMU ansvarlig for udferelse og publise-
ring af opgerelserne af drivhusgasemissioner og den arlige rapportering
til EU og UNFCCC for Danmark. DMU er den centrale institution for
Danmarks nationale system til drivhusgasopgerelser under Kyotoproto-
kollen. Ydermere er DMU ansvarlig for rapportering af drivhusgasemis-
sionsopgerelser til Klimakonventionen for Kongeriget Danmark (Feere-
erne, Gronland og Danmark), samt Danmarks og Grenlands samlede
rapportering til Kyotoprotokollen. DMU deltager desuden i arbejdet i
regi af Klimakonventionen og Kyotoprotokollen, hvor retningslinjer for
rapportering diskuteres og vedtages og i EU's moniteringsmekanisme
for opgerelse af drivhusgasser, hvor retningslinjer for rapportering til
EU reguleres.

Arbejdet med de drlige opgerelser udferes i samarbejde med andre dan-
ske ministerier, forskningsinstitutioner, organisationer og private virk-
somheder. Gronlands Klima- og Infrastrukturstyrelse er ansvarlig for le-
vering af opgerelser for Grenland til DMU. Feeroernes miljemyndighed
(Umhvervisstovan) er ansvarlig for de Feeroske opgerelser.

Drivhusgasser
Til Klimakonventionen rapporteres folgende drivhusgasser:

o Kuldioxid CO,
e Metan CHy
e Lattergas N-O
e Hydrofluorcarboner HFC’er
e Perfluorcarboner PFC’er

e Svovlhexafluorid SFs

Det globale opvarmningspotentiale, pa engelsk Global Warming Poten-
tial (GWP), udtrykker klimapévirkningen over en naermere angivet tid af
en veegtenhed af en given drivhusgas relativt til samme vagtenhed af
COos. Drivhusgasser har forskellige karakteristiske levetider i atmosfee-
ren, saledes for CHj ca. 12 dr og for N2O ca. 120 ar. Derfor spiller tidsho-
risonten en afgerende rolle for sterrelsen af GWP. Typisk vaelges 100 ar.
Herefter kan effekten af de forskellige drivhusgasser omregnes til en
ekvivalent maengde CO,, dvs. til den meengde CO; der vil give samme
klimapavirkning. Til rapporteringen til Klimakonventionen er vedtaget
at anvende GWP-veerdier for en 100-arig tidshorisont, som ifelge IPCC’s
anden vurderingsrapport er:

e Kuldioxid, COz: 1
e Metan, CHa: 21
e Lattergas, N2O: 310
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Regnet efter veegt og over en 100-arig periode er metan saledes ca. 21 og
lattergas ca. 310 gange sa effektive drivhusgasser som kuldioxid. For an-
dre drivhusgasser der indgédr i rapporteringen, de sakaldte F-gasser
(HFC, PFC, SFe) findes veesentlig hojere GWP-verdier. Under Klima-
konventionen er der ligeledes vedtaget GWP-veerdier for disse baseret
pa IPCC’s anbefalinger. Séledes har f.eks. SFs en GWP-veerdi pa 23 900. 1
denne rapport anvendes de GWP-verdier, som UNFCCC har vedtaget.

Endvidere rapporteres de indirekte drivhusgasser nitrogenoxid (NOx),
carbonmonooxid (CO), Non-Methane Volatile Organic Compound
(NMVOC) og svovldioxid (SO2). Da der ikke tilskrives disse gasser
GWP-veerdier, medregnes disse ikke I drivhusgasemissioner i CO»-
ekvivalenter.

S.2. Udviklingen i drivhusgasemissioner og optag

Sammenfatning S.2.-4. omhandler alene opgerelsen for Danmark. Opge-
relsen for Grenland, Danmark og Grenland samt for Feeroerne beskrives
i kapitel 16 o g 17 samt i Annex 9.

S.2.1 Drivhusgas emissionsopgerelse

De danske opgerelser af drivhusgasemissioner folger metoderne som
beskrevet i IPCC’s retningslinjer. I den forbindelse skal neevnes at det
under Klimakonventionen og Kyotoprotokollen er vedtaget at IPCC’s
1996 retningslinjer og IPCC’s 2000 anvisninger skal anvendes. Opgorel-
serne er opdelt i seks overordnede sektorer, 1. energi, 2. industrielle pro-
cesser, 3. oplesningsmidler, 4. landbrug, 5. arealanvendelse for skove og
jorder (Land Use Land Use Change and Forestry: LULUCF) og 6. affald.
Drivhusgasserne omfatter CO,, CHy, N2O og F-gasserne: HFC’er, PFC’er
og SFe. I Figur S.1 ses de estimerede drivhusgasemissioner for Danmark i
COs-akvivalenter for perioden 1990 til 2009. Figuren viser Danmarks to-
tale udledning med og uden LULUCF-sektoren (Land Use and Land Use
Change and Forestry). Til venstre i S.1 ses det relative bidrag til Dan-
marks totale udledning (uden LULUCF) i 2009 for sektorerne 1. — 4. og 6.
For sektor 1. energi er vejtrafik vist seerskilt. Sektor 5. LULUCF indgar
ikke i denne figur da sektoren omfatter kilder der bidrager med bade op-
tag og udledninger.
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Figur S.1 Danske drivhusgasemissioner. Bidrag til total emission fra hovedsektorer for 2009 og tidsserier i
COz-zekvivalenter for 1990-2009, hvor data for CO, er uden LULUCF.

I overensstemmelse med retningslinjerne for opgerelserne er emissio-
nerne ikke korrigerede for handel med elektricitet med andre lande og
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temperatursvingninger fra ar til ar. CO; er den vigtigste drivhusgas og
bidrager i 2009 med 78,8 % af den nationale totale udledning, efterfulgt
af NoO med 10,1 % og CHs med 9,7 %, mens HFC’er, PFC’er og SFs kun
udger 1,4 % af de totale emissioner. Set over perioden 1990-2009 sa har
disse procenter veeret stigende for CO» og F-gasser, neer konstant for CHs
og faldende for N>O. Netto-CO,-optaget fra LULUCEF er i 2009 1,8 % af
den nationale totale emission eksklusiv LULUCF. Med hensyn til sekto-
rerne (figur S.1) sa bidrager energi ekskl. vejtransport (hovedsageligt sta-
tioneere forbreendingsanleeg), transport og landbrug mest med i 2009
henholdsvis 57 %, 22 % og 16 % af den nationale udledning eksklusiv
LULUCE. De nationale totale drivhusgasemissioner i CO»-aekvivalenter
er faldet med 10,3 % fra 1990 til 2009, hvis nettobidraget fra skovenes og
jordernes udledninger og optag af CO, (LULUCF) ikke indregnes, og
faldet med 15,9 % hvis de indregnes.

S.2.2 LULUCEF aktiviteter under Kyotoprotokollen

Det samlede optag af drivhusgasser i skov omfattet af Kyotoprotokollens
artikel 3.3 udger 111,8 Gg COs-aekv. i 2009, heraf stammer 0,4 Gg CO»-
ekv. fra jorde i forbindelse med skovrydning. Nettooptaget fra skov
plantet for 1990 under Kyotoprotokollens artikel 3.4 udger 2 579,1 Gg
COz-zkv. i 2009, heraf 12,0 Gg COz-eekv. i form af N>O fra dreening af
jorde (tabel S.1). Nettoemissionen fra landbrugsarealer under artikel 3.4
udger 1 369,3 Gg COz-aekv. i 2009. Til sammenligning var nettoemissio-
nen fra samme kilde 3 188,6 Gg CO»-aeqv. i 1990.

Det samlede emission fra permanente graesarealer under artikel 3.4 ud-
gor 185,6 Gg COz-aekv. i 2009. I 1990 var den tilsvarende emission pa
313,6 Gg COz-aekv.

Tabel S.1 Emissioner og optag i 2009 for aktiviteter under Kyotoprotokollens artikel 3.3 og 3.4.

Netto CO.
CH4 N.O eekvivalent
emission/optag

Netto CO»
emission/optag

(Gg)
A. Aktiviteter under artikel 3.3 -111,83
A.1. Skovrejsning -145,31 NO IE,NA,NO -145,31
A.1.1. Arealer der ikke er afskovet siden
starten af 2008 -145,31 NO IE,NA,NO -145,31
A.1.2. Arealer der er afskovet siden starten
af 2008 IELNO  NO IE,NO IE,NO
A.2. Skovrydning 33,07 NO 0.00 33,48
B. Aktiviteter under artikel 3.4 -1 024,17
B.1. Forvaltning af skov plantet far 1990 -2 591,13 NO 0.04 -2 579,10
B.2. Forvaltning af landbrugsarealer 1 369,28 NO IE,NA,NO 1 369,28
B.3. Forvaltning af permanente graesarealer 185,64 NO NO 185,64
B.4. Gentilplantning NA NA NA NA

NO: Not Occurring, NA: Not applicable, IE: Included Elsewhere



S.3. Oversigt over drivhusgasemissioner og optag fra
sektorer

S.3.1 Drivhusgas emissionsopgerelse

1. Energi

Energisektoren inklusiv transport bidrager i 2008 med 79,0 % af den
danske totale emission (ekskl. LULUCF). Nar transportens bidrag ikke
regnes med bidrager energisektoren med 57 % af den nationale udled-
ning eksklusiv LULUCF. Udledningen af CO, stammer altovervejende
fra forbreending af kul, olie, benzin og naturgas pa kraftveerker, i beboel-
sesejendomme, industri og vejtransport. COz-emissionen fra energisekto-
rerne faldt med omkring 9 % fra 2008 til 2009. De relativt store udsving i
emissionerne fra ar til ar skyldes handel med elektricitet med andre lan-
de, herunder seerligt de nordiske. De hgje emissioner i 1991, 1994, 1996,
2003 og 2006 er et resultat af stor eksport af elektricitet, mens de lave
emissioner i 1990 og 2005 skyldes import af elektricitet. Udledningen af
CHa fra energiproduktion har veeret stigende pa grund af eget anvendel-
se af gasmotorer, som har en stor CHs-emission i forhold til andre for-
breendingsteknologier. Anvendelsen af gasmotorer er dog blevet mindre
siden liberaliseringen af elmarkedet, hvilket har fert til lavere CHa-
emissioner fra energisektoren. Transportsektorens CO,-emissioner er
steget med ca. 23 % siden 1990 hovedsagelig pa grund af voksende vej-
trafik.

2. Industrielle processer

Emissionen fra industrielle processer — hvilket vil sige andre processer
end forbreendingsprocesser — udger i 2009 2,9 % af de totale danske
drivhusgasemissioner. De vigtigste kilder er cementproduktion, kelesy-
stemer, opskumning af plast og kalcinering af kalksten. CO,-emissionen
fra cementproduktion - som er den sterste kilde - bidrager med 1,3 % af
den totale emission i 2009 og stigningen fra 1990 til 2009 er 13 %. Den
anden storste kilde har tidligere vaeret N>O fra produktion af salpetersy-
re. Produktionen af salpetersyre stoppede i midten af 2004, hvilket bety-
der, at NoO-emissionen er nul for denne kilde fra 2005.

Emissionen af HFC’er, PFC’er og SFs er i perioden fra 1995 og til 2009
steget med 161 %, hovedsageligt pa grund af stigende emissioner af
HFC’er. Anvendelsen af HFC’er, og specielt HFC-134a, er steget kraftigt,
hvilket har betydet, at andelen af HFC’er af den samlede F-gas emission
steg fra 67 % i 1995 og til 94 % i 2009. HFC’er anvendes primeert inden
for keleindustrien. Anvendelsen er dog nu stagnerende, som et resultat
af dansk lovgivning, der forbyder anvendelsen af nye HFC-baserede sta-
tioncere kolesystemer fra 2007. I modseetning til denne udvikling ses et
stigende brug af airconditionsystemer i koretgjer.

3. Oplasningsmidler og relaterede produkter

Forbrug af oplesningsmidler i industrier og husholdninger bidrager i
2009 med 0,1 % af totalmeengden af emitterede drivhusgasser i CO»-
ekvivalenter. Der er en reduktion pa 48 % i total COz-emissionerne i pe-
rioden 1990 til 2009. Bidraget fra N>O-forbruget til de totale CO»-
aekvivalent emissioner for solventer er 36 %.
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4. Landbrug

Landbrugssektoren bidrager i 2009 med 15,8 % til den totale drivhusgas-
emission i CO»-aekvivalenter og er den vigtigste sektor hvad angér emis-
sioner af N>O og CHa. I 2009 var landbrugets bidrag til de totale emissio-
ner af N2O og CHs henholdsvis 91 % og 70 %. Fra 1990 til 2009 ses et fald
pa 32 % i NoO-emissionen fra landbrug. Dette skyldes mindre brug af
kveelstofhandelsgodning og bedre udnyttelse af kveelstof i husdyrged-
ningen, hvilket resulterer i mindre emissioner pr. produceret dyreenhed.
Emissioner af CH4 fra husdyrenes fordejelsessystem er faldet fra 1990 til
2009 grundet et faldende antal kvaeg. Pa den anden side har en stigende
andel af gyllebaserede staldsystemer bevirket at emissionerne fra hus-
dyrgedning er steget. I alt er CHs-emissionerne fra landbrugssektoren
faldet med 3 % fra 1990 til 2009.

5. Arealanvendelse skove og jorder (LULUCF)

LULUCE-sektoren skifter mellem at udgere et nettooptag og en nettoud-
ledning. I 2009 udger LULUCEF et nettooptag svarende til 1,8 % af den
samlede drivhusgasudledning, eksklusiv LULUCEF. I 2008 udgjorde LU-
LUCEF et nettooptag svarende til 3,3 % af den samlede drivhusgasudled-
ning inklusiv LULUCF. I 2009 bidrager arealer med skov med et optag
pa 2 724 Gg COsz-ekv., mens dyrkede jorder, greesning, vadomrader og
bebyggelse bidrager med emissioner pa hhv. 1 347 Gg CO»z-aekv., 199 Gg
COr-xkv., 5 Gg COz-akv og 55 Gg COs-aekv. Emissionen fra land-
brugsjorde stammer hovedsageligt fra organiske jorder. Siden 1990 har
der veeret et fald i den totale meengde kulstof (C) der er lagret i jorder. Pa
trods af den globale opvarmning ser dette fald ud til at aftage s& det til-
syneladende er muligt at bevare det nuveerende kulstofniveau i jorder.

6. Affald

Affaldssektoren udger i 2009 2,2 % af den danske total-emission. Losse-
pladser er den tredjestorste kilde til CHs-emissioner og dominerer sek-
tor-bidraget med 87 %. Emissionen er faldet med 6,4 % fra 1990 til 2009.
Faldet skyldes faldende affaldsmeengder til deponering og stigende an-
vendelse af affald til produktion af elektricitet og varme. Da al affalds-
forbreending bruges til produktion af elektricitet og varme, er emissio-
nerne herfra inkluderet i IPCC-kategorien 1A.

Emissioner af CHs og N2O fra spildevandsanleeg udger i 2009 henholds-
vis 6,2 % og 66 % af sektorens samlede drivhusgasudledning. CH4 fra
spildevandsanleeg er stigende fra 1990 til 2009 pa grund af en stigning i
meengden af industrielt spildevand, mens N>O er i samme niveau som i
1990.

CHas og N2O fra afbreending af affald uden energiudnyttelse udger i 2009
hhv. 7 % og 34 % af affaldssektorernes bidrag. Tendensen i disse emissi-
oner er en stigning i perioden 1990 —2009.

S.3.2 KP-LULUCF aktiviteter

12009 udgjorde aktiviteterne under Kyotoprotokollens artikel 3.3 et netto
optag pa 112 Gg COs-aekv. mens aktiviteterne under artikel 3.4 udgjorde
et netto optag pa 1 024 Gg CO,-aekv. En kort oversigt over KP-LULUCF
findes i kapitel 5.2.2 mens en mere detaljeret redegorelse findes i kapitel
11.



S.4. Andre informationer

S.4.1 Kvalitetssikring og - kontrol

Rapporten indeholder en plan for kvalitetssikring og -kontrol af emissi-
onsopgerelserne. Kvalitetsplanen bygger pa IPCC’s retningslinjer og ISO
9000 standarderne. Planen skaber rammer for dokumentation og rappor-
tering af emissionerne, sa opgerelserne er gennemskuelige, konsistente,
sammenlignelige, komplette og nejagtige. For at opfylde disse kriterier,
understotter datastrukturen arbejdsgangen fra indsamling af data til
sammenstilling, modellering og til sidst rapportering af data.

Som en del af kvalitetssikringen, udarbejdes der for emissionskilderne
rapporter, der detaljeret beskriver og dokumenterer anvendte data og
beregningsmetoder. Disse rapporter evalueres af personer uden for
DMU, der har hoj faglig ekspertise indenfor det pageeldende omrade,
men som ikke direkte er involveret i arbejdet med opgerelserne. Indtil
nu er rapporter for stationeere forbreendingsanleeg, transport og land-
brug blevet evalueret. Desuden er der gennemfert et projekt, hvor de
danske opgerelsesmetoder, emissionsfaktorer og usikkerheder sammen-
lignes med andre landes, for yderligere at verificere rigtigheden af opge-
relserne.

S. 4.2. Fuldstaendighed i forhold til IPCCs retningslinjer for kilder og
gasser

De danske opgerelser af drivhusgasemissioner indeholder alle de kilder,
der er beskrevet i IPCC’s retningsliner.

I annex 5 er der flere informationer om fuldsteendigheden af den danske
drivhusgasopgerelse.

S. 4.3. Rekalkulationer og forbedringer

De vigtigste forbedringer af opgerelserne er:

Energi

Stationaer forbreending

Den seneste officielle energistatistik er implementeret i opgerelsen for
arene 1990-2008. Opdateringen omfatter bade slutforbrug og konverte-
ringssektoren samt opdatering af kilde kategorier.

Petroleumskoks kebt i udlandet og brugt i danske husholdninger er fjer-
net fra opgerelsen i overensstemmelse med retningslinjerne for rappor-
tering. Greensehandelen med petroleumskoks var 628 TJ i 2009.

COz-emissionsfaktoren for kul er genberegnet for drene 1990-2008. Gen-
beregningen har resulteret i en forbedret konsistens for tidsserien. Da
forbruget af kul er stort, har denne genberegning stor betydning for are-
ne 1990-2005 inden de anleegsspecifikke data (EU-ETS) var til radighed.
Genberegningen medforte lavere estimater for CO.: -1,9 Gg i 2009 og -
245 Gg i 1990.

COs-emissionsfaktoren for fuelolie er ogsa genberegnet, baseret pa EU
ETS data og en forbedret tidsserie er implementeret.
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COz emissionsfaktoren for LPG og petroleum er sendret sa begge nu re-
fererer til IPCC Guidelines (1996).

I tilfeelde hvor der ikke er nationale emissionsfaktorer for CHs og N2O er
disse opdateret s alle nu refererer til IPCC Guidelines (1996).

Mobile kilder

Vejtransport

Data for arskersler for de forskellige koretojskategorier er blevet opdate-
ret for 2005 til 2008 baseret pa nye data estimeret af DTU. En vigtig for-
bedring er en mere detaljeret opdeling af bestandsdata for tunge kereto-
jer (lastbiler og busser) i de mange forskellige veegtklasser inkluderet i
COPERT IV-modellen. Minimum og maksimum procentvis difference og
ar for numerisk maksimum difference (min. %, max. %, year of max. %)
for emissionskomponenterne er: CO2 (-0,081%, 0,082 %, 1993), CHs (-1,3
%, -17,9 %, 2008) og N2O (-4,6 %, 3,7 %, 1991).

National safart

Breendselsforbrug for skibe sejlende mellem danske havne og Gren-
land /Feergerne og mellem Danske havne og installationer pa Nordseen
er blevet tilfojet denne kategori. Tidligere var en del af braendselsforbru-
get blevet rapporteret under international transport i energistatistikken.
De tilsvarende minimum og maksimum procentvis differencer og ar for
numerisk maksimum difference (min. %, max. %, year of max. %) for
emissionskomponenterne er: COz (9,2 %, 30,8 %, 2008), CHs (4,6 %, 10,7
%, 2008) and N20O (9,6 %, 34,0 %, 2008).

Fiskeri

Pa grund af eendringerne for national sefart og den breendselsudveksling
der foregar mellem disse kategorier er der foretaget betydelige sendrin-
ger for bade braendselsforbrug og emissioner for fiskeri fra 2001 og frem-
efter. De tilsvarende minimum og maksimum procentvis differencer og
ar for nummerisk maksimum difference (min. %, max. %, year of max.
%) er (27 %, 39 %, 2006) for alle emissionskomponenter.

Landbrug

Antallet af mejeteerskere er blevet opdateret for 2001-2008 baseret pa op-
lysninger fra Videncenter for Landbrug. For benzindrevne ATV’er er be-
standsdata opdateret for 2007 og 2008. ZAndringen i breendselsforbruget
og emissionerne er mellem 0 % og 2 % for CO, og N>O, mens @endrin-
gerne for CHs er 12 % og 21 % i hhv.2007 og 2008.

Landbrug/skovbrug/fiskeri
Den samlede betydning for landbrug/skovbrug/fiskeri, udtrykt ved mi-
nimum og maksimum procentvis difference og ar for numerisk maksi-
mum difference (min. %, max. %, year of max. %) for emissionskompo-
nenterne er: CO2 (9,6 %, 12,1 %, 2006), CHs (4,0 %, 21,7 %, 2008) og N2O
(12,4 %, 15,5 %, 2008).

Militeer

Emissionsfaktorer afledt fra de nye modelsimulationer for vejtransport
har medfert sma eendringer i emissionerne i perioden 1985-2008. Mini-
mum og maksimum emissionsdifference er: CHs (-1 %, -16 %) og N2O (-4
%, 1 %).



Husholdninger

Et split i aktivitetskoder er blevet foretaget. Det har medfort at hoved-
parten af det breendselsforbrug og de emissioner, der tidligere er blevet
rapporteret under husholdninger (SNAP kode 0809; NFR kode 1A4b) nu
bliver rapporteret under handel & service (SNAP kode 0811; NFR kode
1A4a).

Der er ikke foretaget @endringer i det samlede braendselsforbrug eller
emissioner, der er udelukkende tale om en ny allokering.

Handel & service

Et split i aktivitetskoder er blevet foretaget. Det har medfort at hoved-
parten af det breendselsforbrug og de emissioner, der tidligere er blevet
rapporteret under husholdninger (SNAP kode 0809; NFR kode 1A4b) nu
bliver rapporteret under handel & service (SNAP kode 0811; NFR kode
1A4a).

Der er ikke foretaget @endringer i det samlede braendselsforbrug eller
emissioner, der er udelukkende tale om en ny allokering.

Maskiner og redskaber i industrien

De arlige drifttimer for gaffeltrucks i 2008 er blevet justeret med en fak-
tor pa 0,95 pga. det faldende aktivitetsniveau fordrsaget af den finansiel-
le krise. Den totale eendring i braendselsforbrug og emissioner i 2008 er
ca. -1 %.

Luftfart

For arene 2001-2008 er der sma aendringer pa mellem -2 % og 1 %. Dette
skyldes inkluderingen af nye flytyper knyttet til repreesentative flytyper i
emissionsberegningen.

Flygtige emissioner

Tankstationer

Mengden af benzin anvendt til beregning af flygtige emissioner fra
tankstationer (SNAP 050503) er blevet opdateret for arene 1990-2008 i
henhold til energistatistikken 2009. Emissionen af NMVOC fra benzin-
salg i 2008 er som konsekvens oget med 6 ton svarende til 0,5 %.

Udvinding af olie og gas

Flygtige emissioner fra udvinding er beregnet pa baggrund af formlen i
EMEP /EEA Guidebook baseret pé antallet af platforme. I 2009 er antallet
af platforme blevet korrigeret for 2007 og 2008. Emissionen af NMVOC
er som konsekvens faldet med 20 ton svarende til ca. 1 %.

Gas distribution

De distribuerede maengder er blevet opdateret for et af de tre naturgas
distributionsselskaber for arene 2006-2008 pga. nye data. Emissionen af
NMVOC er som konsekvens faldet med 4 ton i 2008 svarende til 10 %.
Emissioner fra venting pa gaslagre var tidligere inkluderet i transmissi-
on, men er nu inkluderet under venting & flaring (1B2c). Emissionerne er
ikke éendret men kun re-allokeret.

Flaring I forbindelse med lagring og behandling af naturgas

Emissionen af NMVOC i 2008 fra flaring i forbindelse med gasbehand-
ling er blevet opdateret pa baggrund af virksomhedens grenne regnskab.
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Dette har medfert en stigning i NMVOC-emissionen pa 2 ton svarende
til en stigning for denne kategori pa 12 %.

Industri

Emissionen af NMVOC fra produktion af fodevarer og drikkevarer er
forbedret via brug af nye emissionsfaktorer for produktion af bred og
smakager, samt bryggerier.

Metoden til bestemmelse af F-gasser fra mobile air condition-anlaeg er
endret. Data for aktuelle meengder af F-gas anvendt til genfyldning er
tilgeengelige fra 2009 og er anvendt som et estimat for emissionen ved
brug af air condition-anlaeggene.

Oplasningsmidler

Forbedringer og genberegninger finder lobende sted pga. den store ud-
bredelse og kompleksitet af anvendelsen af oplesningsmidler i hushold-
ninger og industrien. De storste forbedringer i forbindelse med 2011
rapporteringen er:

e Fortsatte forbedringer i kilde allokeringsmodellen, som kombinerer
informationer om anvendelseskategorier og NACE-kategorier fra
SPIN-databasen og anvendte maengde fra Danmarks Statistik.

e Opdatering af veerdien for import af xylen i 2008, der var fejlbehzeftet.
Zndringen er verificeret af Danmarks Statistik.

e Emissioner fra fyrveerkeri er inkluderet for forste gang.

Landbrug

Genberegninger for landbrugssektoren har medfert fald i emissionerne
for drene 1990-2008 pa op til 7 % af den totale emission i CO,-aekviva-
lenter fra landbrugssektoren. I perioden er CHs-emissionen steget, men
denne stigning overskygges af et storre fald i NoO-emissionen.

Som anbefalet af ERT under in-country review i september 2010 er MCF-
faktoren for staldsystemer med dybstreelse > 1 maned eendret fra 1 til 10
%. ZAndringen af MCF-faktorer pavirker emissionerne fra kalve, far og
geder. Den total CHs-emission i CO»-aekvivalenter steg op til 4 % for are-
ne 1990-2008 med en stigende tendens.

Faldet i N>O-emissionen skyldes hovedsageligt eendring i beregningen af
emissionen fra N-udvaskning. Nye data har gjort det muligt at opsplitte
beregningen af emissioner fra udvaskning mellem grundvand og over-
flade aflob, vandleb og hav.

To eendringer, der medferer stigning af NoO-emissionen, er gennemfeort.
Emissionsfaktoren (implied emission factor) for histosoler er @endret fra
2-3 kg N2O-N per ha. til IPCC-standardfaktoren pa 8 kg N>O-N per ha.,
som anbefalet af ERT under in-country review i september 2010. Desu-
den er en fejl for N fra sojabenner blevet rettet. Den totale N2O-emission
i COz-aekvivalenter er faldet op til 12 % for arene 1990-2008.

Arealanvendelse (LULUCF)

Som felge af Danmarks tilvalg af artikel 3.4 for forvaltning af skovarea-
ler, landbrugsarealer og greesningsarealer er der foretaget en grundig
undersogelse af LULUCEF. Nogle resultater af denne undersegelse er in-
kluderet i denne rapportering, mens andre data vil blive inkluderet i den



endelige 2011 rapportering. Undersogelsen er en wall-to-wall kortleeg-
ning af det danske areal via remote sensing (RS) for 1989/1990 og 2005,
et nyt kort over organiske jorde, Danske emissionsfaktorer for organiske
jorde, kortleegning af hegn mm. I denne rapportering er der inkluderet
resultater fra RS der medforer eendringer i flere data. Anvendelse af RS
har i hej grad forbedret muligheden for ar estimere sendring i arealan-
vendelse i forhold til tidligere. ZAAndringerne i areal/aktivitets data som
folge af RS pavirker stort set alle tidligere beregnede emissioner.

Skov

Kortleegningen af skovarealet i 1990 og 2005 er anvendt som basis for be-
regning af den lagrede kulstofmaengde i bade gammel skov (skov plantet
for 1990 — under Kyotoprotokollens artikel 3.4) og ny skov (skovrydning
siden 1990 - under Kyotoprotokollens artikel 3.3). Skovrydning siden
1990 er kortlagt til at veere storre end tidligere antaget.

Beregningen af den lagrede meengde kulstof i 1990 og 2000 er baseret pa
aldersfordelingen som angivet i den nationale skovteelling og skov i 2000
som et udtryk for det totale skovareal fordelt pa arter og alder. P4 bag-
grund af malinger af kulstofindholdet i forskellige arter og aldersklasser
er kulstofindholdet i den samlede stdende skov genberegnet. For hver af
arene 1990-2000 er kulstofpuljerne beregnet som et lobende gennemsnit
korrigeret for den dokumenterede skovrydning.

Da NFI'en blev iveerksat i 2002, er den repreesentativ fra 2005. Beregning
af kulstoflagring i drene 2000-2004 er baseret pa NFI 2005 og kulstof-
meengden beregnet for ar 2000. For 2005-2009 er kulstofmeengden bereg-
net alene pa baggrund af NFI — med yderligere information om det totale
skovareal baseret pa satellitfotos.

Genberegningen har medfert af Skov er gdet fra en kilde pa 133 Gg CO» i
2008 til et netto optag pa -233 Gg CO» i 2009. N2O-emissionen er kun
endret i begraenset omfang.

Landbrugsarealer, graesningsarealer, vadomrader og bebyggelse

For landbrugsarealer, graesningsarealer, vadomrader og bebyggelse har
der veeret eendringer i lagrede kulstofmaengder som felge af eendringer i
arealanvendelse. Der har veeret en lille eendring i hvordan landbrugsare-
alet er estimeret via RS. I takt med at nye data bliver leveret fra vores
forskningsprogram bliver der implementeret mange nationale data. De
storste eendringer kommer fra vores studie af organiske jorde hvor mid-
lertidige data har vist at arealet neermere er 50 000 ha end de tidligere
rapporterede 80 000 ha. Denne eendring har medfert en reduktion af
emissionen fra landbrugsarealer fra 2 687 Gg CO» til 2 267 Gg CO». Ende-
lige data blev rapporteret d. 15. marts 2011. Desuden er der mindre aen-
dringer for greesningsarealer, vddomrader og bebyggelse.

Affald
For spildevandsbehandling er der sket genberegning for drene 1990-2008
for CH4 og N2O.

CHg-emissionen fra spildevandsbehandling er blevet opdelt i bidrag fra
1) kloak systemet, 2) i primeere bundfeeldningstanke, 3) under biologisk
rensning for N og P og 4) fra den anaerobe behandlingsproces i lukkede
systemer med biogasudvinding og forbreending med energiproduktion.
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Desuden er der i ar inkluderet estimater for CHs-emissioner fra septik-
tanke.

Desuden er der implementeret en arlig emissionsfaktor for den anaerobe
proces, jf. beskrivelsen i kapitel 8.3.

Opdaterede og kvalitetssikrede data for N-indholdet i kloak spildevand
for arene 2005-2009 har medfort en eendring af den indirekte N>O-
emission.

Rettelse af en fejl i emissionsfaktor algoritmen for den direkte N>O-
emission har medfert en stigning pa 13,7 % af den direkte N>O-emission.

Emissioner fra affaldsforbreending er faldet da beregningen af emissio-
ner fra brande i bygninger og koretgjer er re-allokeret fra denne sektor til
”Other waste”. Der er ikke leengere ikke-biogen CO»-emission fra denne
kategori.

I kategorien ”"Other waste” er der, ud over stigningen som folge af re-
allokeringen af emissioner fra brande, inkluderet CHi- og NO-
emissioner fra kompostering i dette ars rapportering.

Den totale emission fra affaldssektoren er steget med mellem 6,1 %
(1990) og 12,6 % (2007). For 2008 er stigningen 11,3 %.

KP-LULUCF
Stort set alle sektorer under KP-LULUCEF er blevet genberegnet.

Genberegningerne skyldes:

e mindre eendringer i matricen for arealanvendelse,

e sma eendringer i matricen for arealanvendelse der pavirker eendringer
i arealanvendelse,

e opdaterede data fra den danske NFI for kulstoflagring i vedmasse
over jorden, vedmasse under jorden, dedt ved og vedmasse/blade pa
skovbunden,

e et nyt kort over organiske jorde,

e enny R:S faktor for vegetation pa graesningsarealer,

e ny emissionsfaktor for organiske jorde,

e nye data for kulstofindhold i mineral jorder fra vores forskningspro-
gram (0-100 cm dybde sammenlignet med 0-50 cm / 0-30 cm i sidste
rapportering) til anvendelse hvor der er sket skift i arealanvendelse,

o rettelse af fejl i den tidligere rapportering.

Den storste eendring vedrerende skovrejsning er korrektioner af fejl i den
forrige rapportering samt eendring i metoden til estimering af kulstof
akkumulering i blade og andet vedmasse i skovbunden som anbefalet af
ERT ved in-country review i september 2010.

For skovrydning afspejler genberegningen hovedsageligt en mindre aen-
dring af levende biomasse og opdaterede veerdier for kulstoflagring i
mineraljorde.

Forvaltning af skov er genberegnet hovedsageligt pga. opdaterede data
fra NFI for kulstoflagring i levende biomasse.



Genberegninger for forvaltning af landbrugsarealer og permanente
graesningsarealer skyldes hovedsageligt anvendelse af det nye kort over
organiske jorde samt nye emissionsfaktorer for organiske jorde. Analyses
har vist at en stor del af arealer skal klassificeres som permanent grees-
ningsareal og ikke landbrugsareal. Konsekvensen er en reduktion emis-
sionen fra landbrugsarealer pa 150-200 Gg CO»-akvivalenter og en til-
svarende stigning for permanente graesningsarealer.

For yderligere beskrivelse af KP-LULUCF henvises til kapitel 10 og 11.

35



36

1 Introduction

1.1 Background information on greenhouse gas
inventories and climate change

1.1.1 Annual report

This report is Denmark’s National Inventory Report (NIR) 2011 for sub-
mission to the United Nations Framework Convention on Climate
change and the Kyoto Protocol (KP), due April 15, 2011. The report con-
tains detailed information about Denmark’s inventories for all years
from 1990 to 2009. The structure of the report is in accordance with the
UNFCCC guidelines on reporting and review. The main difference be-
tween Denmark’s NIR 2011 report to the European Commission, due
March 15, 2011, and this report to UNFCCC is reporting of territories.
The NIR 2011 to the EU Commission was for Denmark, while this NIR
2011 to UNFCCC is for Denmark, Greenland and the Faroe Islands. The
suggested outline provided by the UNFCCC secretariat has been fol-
lowed to include the necessary information under the Kyoto Protocol.
The report includes detailed and complete information on the invento-
ries for all years from year 1990 to the year 2009, in order to ensure
transparency.

The issues addressed in this report are trends in greenhouse gas emis-
sions, a description of each IPCC category, uncertainty estimates, recal-
culations, planned improvements and procedures for quality assurance
and control.

The annual emission inventories for the years from 1990 to 2009, are re-
ported in the Common Reporting Format (CRF) as requested in the re-
porting guidelines. The CRF-spreadsheets contain data on emissions, ac-
tivity data and implied emission factors for each year. Emission trends
are given for each greenhouse gas and for the total greenhouse gas emis-
sions in CO; equivalents.

According to the instrument of ratification, the Danish government has
ratified the UNFCCC on behalf of Denmark, Greenland and the Faroe Is-
lands. The Danish government has ratified the Kyoto Protocol on behalf
of Denmark and Greenland. The information in the sectoral chapters in
this report relates to Denmark only, while information for Greenland is
included in Chapter 16 and for the Faroe Islands in Annex 9.

This report itself does not contain the full set of CRF Tables. Only the

trend tables, Tables 10.1-5 of the CRF format, are included, refer Annex 8.

The full set of CRF tables is available at the EIONET, Central Data Re-

pository, kept by the European Environmental Agency:

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

1.1.2 Greenhouse gases

The greenhouse gases reported under the Climate Convention are:



e Carbon dioxide CO;

e Methane CH4
e Nitrous Oxide N>O
e Hydrofluorocarbons HFCs
e Perfluorocarbons PFCs

e Sulphur hexafluoride SFs

The main greenhouse gas responsible for the anthropogenic influence on
the heat balance is CO». The atmospheric concentration of CO; has in-
creased from a pre-industrial value of about 280 ppm to 379 ppm in 2005
(an increase of about 35 %), and exceeds now the natural range of 180-
300 ppm over the last 650 000 years as determined by ice cores (IPCC,
Fourth Assessment Report, 2007). The main cause for the increase in COz
is the use of fossil fuels, but changing land use, including forest clear-
ance, has also been a significant factor. The greenhouse gases CHs and
N20 are very much linked to agricultural production; CHs has increased
from a pre-industrial atmospheric concentration of about 715 ppb to 1774
ppb in 2005 (an increase of about 140 %) and N>O has increased from a
pre-industrial atmospheric concentration of about 270 ppb to 319 ppb in
2005 (an increase of about 18 %) (IPCC, Fourth Assessment Report, 2007).
Changes in the concentrations of greenhouse gases are not related in
simple terms to the effect on the heat balance, however. The various
gases absorb radiation at different wavelengths and with different effi-
ciency. This must be considered in assessing the effects of changes in the
concentrations of various gases. Furthermore, the lifetime of the gases in
the atmosphere needs to be taken into account — the longer they remain
in the atmosphere, the greater the overall effect. The global warming po-
tential (GWP) for various gases has been defined as the warming effect
over a given time of a given weight of a specific substance relative to the
same weight of CO,. The purpose of this measure is to be able to com-
pare and integrate the effects of individual substances on the global cli-
mate. Typical lifetimes in the atmosphere of substances are very differ-
ent, e.g. 12 and 120 years approximately for CHs and N>O, respectively.
So the time perspective clearly plays a decisive role. The lifetime chosen
is typically 100 years. The effect of the various greenhouse gases can,
then, be converted into the equivalent quantity of COy, i.e. the quantity
of CO; giving the same effect in absorbing solar radiation. According to
the IPCC and their Second Assessment Report, which UNFCCC has de-
cided to use as reference for reporting for inventory years throughout
the commitment period 2008-2012, the global warming potentials for a
100-year time horizon are:

e COyx 1
e Methane (CH4): 21
e Nitrous oxide (NO): 310

Based on weight and a 100-year period, methane is thus 21 times more
powerful a greenhouse gas than CO,, and N>O is 310 times more power-
ful. Some of the other greenhouse gases (hydrofluorocarbons, perfluoro-
carbons and sulphur hexafluoride) have considerably higher global
warming potential values. For example, sulphur hexafluoride has a
global warming potential of 23 900.

The indirect greenhouse gases reported are nitrogenoxide (NOy), car-
bonmonooxide (CO), Non-Methane Volatile Organic Compounds
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(NMVOC) and sulphurdioxid (SO2). Since no GWP is assigned these
gases they do not contribute to GHG emissions in COz-equivalents.

1.1.3 The Climate Convention and the Kyoto Protocol

At the United Nations Conference on Environment and Development in
Rio de Janeiro in June 1992, more than 150 countries signed the UNFCCC
(the Climate Convention). On the 21st of December 1993, the Climate
Convention was ratified by a sufficient number of countries, including
Denmark, for it to enter into force on the 21st of March 1994. One of the
provisions of the treaty was to stabilise the greenhouse gas emissions
from the industrialised nations by the end of 2000. At the first conference
under the UN Climate Convention in March 1995, it was decided that the
stabilisation goal was inadequate. At the third conference in December
1997 in Kyoto in Japan, a legally binding agreement was reached com-
mitting the industrialised countries to reduce the six greenhouse gases
by 5.2 % by 2008-2012 compared with the base year and 1990 levels. For
the 1990 levels and the base year and the F-gases, the nations can choose
freely between 1990 and 1995 as the base year. On May 16, 2002, the Dan-
ish parliament voted for the Danish ratification of the Kyoto Protocol.
Denmark (including Greenland and excluding the Faroe Islands) is, thus,
under a legal commitment to meet the requirements of the Kyoto Proto-
col, when it came into force on the 16th of February 2005. Denmark (in-
cluding Greenland) is committed to reduce greenhouse gases with 8 %.
The European Union is under the KP committed to reduce emissions of
greenhouse gases by 8 %. However, within the EU member states have
made a political agreement — the Burden Sharing Agreement — on the
contributions to be made by each state to the overall EU reduction level
of 8 %.

Under the Burden Sharing Agreement, Denmark (excluding Greenland
and the Faroe Islands) must reduce emissions by an average of 21 % in
the period 2008-2012 compared with the base year emission level.

In accordance with the Kyoto Protocol, Denmark’s base year emissions
include the emissions of CO,, CHs and N>O in 1990 in CO:-equivalents
and Denmark has chosen the emissions of HFCs, PFCs and SF¢ in 1995 in
COz-equivalents for the base year.

1.1.4 The role of the European Union

The European Union (EU) is a party to the UNFCCC and the Kyoto Pro-
tocol. Therefore, the EU has to submit similar datasets and reports for the
collective 15 EU Member States under the burden sharing. The EU im-
poses some additional guidelines and obligations to these EU Member
States through Decision No. 280/2004/EC concerning a mechanism for
monitoring community greenhouse gas emissions and for implementing
the Kyoto Protocol (EU monitoring mechanism).

1.1.5 Background information on supplementary information required
under KP article 7.1

For the LULUCF activities under Article 3, paragraphs 3 and 4, of the
Kyoto Protocol Denmark has chosen annual accounting. Article 3.3 cov-
ers direct, human induced afforestation (A), reforestation (R) and defor-



estation (D) activities, and accounting of these activities is mandatory.
Under Article 3.4 Denmark has elected the activities Forest Management
(FM), Cropland Management (CM) and Grazing Land Management
(GM) for optional accounting of the first Commitment Period (CP). Net
removals from FM activity can be used to compensate net emissions
from activities under Article 3.3., and through the issuance of removal
units (RMUs) up to a cap value. Denmark’s cap value for the CP is 916
667 tonnes CO; equivalents.

1.2 A description of the institutional arrangement for
inventory preparation

On behalf of the Ministry of the Environment and the Ministry of Cli-
mate and Energy NERI is responsible for the calculation and reporting of
the Danish national emission inventory to EU and the UNFCCC (United
Nations Framework Convention on Climate Change) and UNECE
CLRTAP (Convention on Long Range Transboundary Air Pollution)
conventions. Hence, the National Environmental Research Institute
(NERI), University of Aarhus, prepares and publishes the annual sub-
mission for Denmark to the EU and UNFCCC of the National Inventory
Report and the GHG inventories in the Common Reporting Format, in
accordance with the UNFCCC guidelines. Furthermore, NERI is respon-
sible for reporting the national inventory for the Kingdom of Denmark to
the UNFCCC. NERI is also the body designated with overall responsibil-
ity for the national inventory under the Kyoto Protocol for Greenland
and Denmark.

The work concerning the annual greenhouse gas emission inventory is
carried out in cooperation with Danish ministries, research institutes, or-
ganisations and companies. The Government of Greenland is responsible
for finalising and transferring the inventory for Greenland to NERI. The
Faroe Islands Environmental Agency is responsible for finalising and
transferring the inventory for the Faroe Islands to NERI.

There are now data agreements in place with both Greenland and the
Faroe Islands ensuring the data delivery.

NERI has been and is engaged in work in connection to the meetings of
the Conference of Parties (COP) to the UNFCCC and the meetings of the
parties (COP/MOP) to the Kyoto protocol and its subsidiary bodies,
where the reporting rules are negotiated and settled. Furthermore, NERI
participates in the EU Monitoring Mechanism, Working Group 1 (WG1),
where the guidelines, methodologies etc. on inventories to be prepared
by the EU Member States are regulated.

The main experts responsible for the sectoral inventories and the corre-
sponding chapters and annexes in this report are:
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Project leader

Ole-Kenneth Nielsen (okn@dmu.dk)

Sector Sub-sector Expert name
Energy Stationary combustion: Malene Nielsen, Ole-Kenneth Nielsen
Transport and other mobile sources Morten Winther
Fugitive emissions: Marlene Plejdrup, Ole-Kenneth Nielsen
Industrial processes Leif Hoffmann
Solvent and other product use Patrik Fauser, Katja Hjelgaard
Agriculture Mette Hjorth Mikkelsen, Rikke Albrektsen &

Steen Gyldenkaerne

LULUCF Vivian Kvist Johannsen, Lars Vesterdal &
Steen Gyldenkaerne
Waste Solid waste disposal on land Marianne Thomsen, Katja Hjelgaard
Wastewater handling Marianne Thomsen
Waste incineration Katja Hjelgaard
Greenland Lene Baunbaek

Faroe Islands

Maria Gunnleivsdéttir Hansen

The work concerning the annual greenhouse emission inventory is car-
ried out in cooperation with other Danish ministries, research institutes,
organisations and companies:

Danish Energy Agency, the Ministry of Climate and Energy:
Annual energy statistics in a format suitable for the emission inventory
work and fuel-use data for the large combustion plants. Company re-
ports submitted under EU ETS.

Danish Environmental Protection Agency, The Ministry of the Environ-
ment: Database on waste and emissions of the F-gases.

Danish Nature Agency, The Ministry of the Environment: Database on
Danish waste water quality parameters.

Statistics Denmark, The Ministry of Economic and Business Affairs: Sta-
tistical yearbook, sales statistics for manufacturing industries and agri-
cultural statistics.

Faculty of Agricultural Sciences, Aarhus University: Data on use of min-
eral fertiliser, feeding stuff consumption and nitrogen turnover in ani-
mals.

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

Danish Centre for Forest, Landscape and Planning, University of Copen-
hagen: Background data for Forestry and CO; uptake by forest. Respon-
sible for preparing estimates of emissions/removals for reporting under
KP article 3.3 and for reporting FM under article 3.4.

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




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

Danish companies: Audited green accounts and direct information gath-
ered from producers and agency enterprises.

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

Additionally NERI receives data from Greenland and the Faroe Islands
in order to report for the Kingdom of Denmark:

Statistics Greenland: Complete CRF tables for Greenland and documen-
tation for the inventory process.

The Faroe Islands Environmental Agency: Complete CRF tables for the
Faroe Islands and documentation for the inventory process.

The complete emission inventories for the three different submissions
(EU, Kyoto Protocol and UNFCCC) by Denmark are compiled by NERI
and along with the documentation report (NIR) sent for official ap-
proval. In recent years the responsibility for official approval has
changed. Previously it was the Danish Environmental Protection Agency
(Ministry of the Environment) now it is the Danish Energy Agency (Min-
istry of Climate and Energy). This means that the emission inventory is
finalised no later than March 15, whereupon the official approval is done
prior to the reporting deadlines under the UNFCCC and the Kyoto Pro-
tocol.

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

The background data (activity data and emission factors) for estimation
of the Danish emission inventories is collected and stored in central da-
tabases located at NERI. The databases are in Access format and handled
with software developed by the European Environmental Agency and
NERI. As input to the databases, various sub-models are used to esti-
mate and aggregate the background data in order to fit the format and
level in the central databases. The methodologies and data sources used
for the different sectors are described in Chapter 1.4 and Chapters 3 to 9.
As part of the QA/QC plan (Chapter 1.6), the data structure for data
processing support the pathway from collection of raw data to data
compilation, modelling and final reporting.

For each submission, databases and additional tools and submodels are
frozen together with the resulting CRF-reporting format. This material is
placed on central institutional servers, which are subject to routine back-
up services. Material which has been backed up is archived safely. A fur-
ther documentation and archiving system is the official journal for NERI.
In this journal system, correspondence, both in-going and out-going, is
registered, which in this case involves the registration of submissions
and communication on inventories with the UNFCCC Secretariat, the
European Commission, review teams, etc.
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Figure 1.1 shows a schematic overview of the process of inventory
preparation. The figure illustrates the process of inventory preparation
from the first step of collecting external data to the last step, where the
reporting schemes are generated for the UNFCCC and EU (in the CRF
format (Common Reporting Format)) and to the United Nations Eco-
nomic Commission for Europe/Cooperative Programme for Monitoring
and Evaluation of the Long-range Transmission of Air Pollutants in
Europe (UNECE/EMEP) (in the NFR format (Nomenclature For Report-
ing)). For data handling, the software tool is CollectER (Pulles et al.,
1999) and for reporting the software tool is the CRF reporter tool devel-
oped by the UNFCCC Secretariat together with additional tools devel-
oped by NERI Data files and programme files used in the inventory
preparation process are listed in Table 1.1.

Table 1.1 List of current data structure; data files and programme files in use.
QA/QC  Name Application type Path Type Input sources
Level
4 store CFR Submissions External report I\ROSPROJ\LUFT_EMNInventory\AllYears\MS Excel, CRF Reporter
(UNFCCC and EU) 8_AlISectors\Level_4a_Storage\ xml
4 store NFR Report External report |\ROSPROJ\LUFT_EMNInventory\AllYears\ xIs NRF Report N8 Process
8_AllSectors\Level_4a_Storage\
3 process CRF Reporter Management ~ Working path: local machine (exe + mdb) National Compliler and
tool Archive path: Importer2CRF(xml) and
I\ROSPROJ\LUFT_EMNInventory\AllYears\ IDAtoCRF(xml)
8_AllSectors\Level_3b_Processes
3 process NRF Report N8 Helptool I\ROSPROJ\LUFT_EMNInventory\AllYears\ Excel NERIRep and Report
Process 8_AllSectors\Level_3b_Processes\NFR Template (xIs)
3 process Importer2CRF Help tool I\ROSPROJLUFT_EMN\Inventory\AllYears\ MS Access CRF Reporter, Collec-
8_AllSectors\Level_3b_Processes tEr2CRF, and excel files
3 process CollectER2CRF Help tool I\ROSPROJ\LUFT_EMNInventory\AllYears\ MS Access NERIRep
8_AllSectors\Level_3b_Processes
3 proces |IDA2CRF Help tool I\ROSPROJ\LUFT_EMNInventorn\AllYears\ MS Access IDA_backend
8_AllSectors\Level_3b_Processes
2 process NERIRep Help tool Working path: MS Access CollectER databases;
3 store I\ROSPROJ\LUFT_EMNDMURep dk1972.mdb..dkxxxx.mdb
and IDA_backend
2 process CollectER Management =~ Working path: local machine (exe +mdb) Sector Expert
tool Archive path:
I\ROSPROJ\LUFT_EMNInventory\AllYears\
8_AllSectors\Level_2b_Processes
2 store dk1972.mdb.dkxxxx Datastore I\ROSPROJ\LUFT_EMNInventory\AllYears\ MS Access CollectER
.mdb 8_AllSectors\Level_2a_Storage
1 process |IDA Management  I\ROSPROJ\LUFT_EMN\Agriculture\invento MS Access Sector Expert
ryAgricultureData
1 store IDA_Backend Datastore IN\ROSPROJ\LUFT_EMNAgriculture\Invento MS Access IDA

ryAgricultureData
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Figure 1.1 Schematic diagram of the process of inventory preparation.

Denmark has different geographical definitions for different submis-
sions. Under the European Union only mainland Denmark is included.
For the reporting under the Kyoto Protocol the submission includes
Denmark and Greenland, while the reporting under the UNFCCC in-
cludes Denmark, Greenland and the Faroe Islands.

Due to the different geographical scopes of the Danish inventory sub-
missions it is necessary to operate three independent installations of the
CRF Reporter software on different virtual computers.

For the preparation of the Danish submission under the Kyoto Protocol
the full Danish CRF is aggregated with the Greenlandic CRF and for the
UNFCCC reporting this is also aggregated with the CRF of the Faroe Is-
lands. The process of aggregation requires additional software tools and
two additional installations of CRF Reporter. The process of aggregating
the KP inventory is described in Chapter 17.

1.4 Brief general description of methodologies and data
sources used

Denmark’s air emission inventories are based on the Revised 1996 Inter-
governmental Panel on Climate Change (IPCC) Guidelines for National
Greenhouse Gas Inventories (IPCC, 1997), the Good Practice Guidance
and Uncertainty Management in National Greenhouse Gas Inventories
(IPCC, 2000), the Good Practice Guidance for Land Use, Land-Use
Change and Forestry (IPCC, 2003) and the CORINAIR methodology.
CORINAIR (COoRdination of INformation on AIR emissions) is a Euro-
pean air emission inventory programme for national sector-wise emis-
sion estimations, harmonised with the IPCC guidelines. To ensure esti-
mates are as timely, consistent, transparent, accurate and comparable as
possible, the inventory programme has developed calculation method-
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ologies for most subsectors and software for storage and further data
processing (EMEP-/CORINAIR, 2007).

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

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

1.4.1 Stationary Combustion Plants

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

The Danish emission inventory for stationary combustion plants is based
on the CORINAIR system described in Illerup et al. (2000). The inventory
is based on activity rates from the Danish energy statistics and on emis-
sion factors for different fuels, plants and sectors.

The Danish Energy Agency aggregates fuel consumption rates in the of-
ficial Danish energy statistics to SNAP categories.

For each of the fuel and SNAP categories (sector and e.g. type of plant), a
set of general emission factors has been determined. Some emission fac-
tors refer to the IPCC Guidelines or the EMEP/EEA Guidebook and
some are country-specific and refer to Danish legislation, Danish re-
search reports or calculations based on emission data from a consider-
able number of plants.

Some of the large plants, such as e.g. power plants and municipal waste
incineration plants are registered individually as large point sources and
emission data from the actual plants are used. This enables use of plant
specific emission factors that refer to emission measurements stated in
annual environmental reports, etc. At present, the emission factors for
CH4 and N>O are, however, not plant-specific, whereas emission factors
for SO, and NOx often are. For CO» it was for the first time possible to
use data reported under the EU-ETS in the emission inventory for 2006.
Therefore it was possible to derive some plant specific CO, emission fac-
tors for coal and oil fired power plants.

The CO; from incineration of the plastic part of municipal waste is in-
cluded in the Danish inventory.

In addition to the detailed emission calculation in the national approach,
COz emission from fuel combustion is aggregated using the reference
approach. In 2009, the CO; emission inventory based on the reference
approach and the national approach, respectively, differ by -1.28 %.



Please refer to Chapter 3.2 and Annex 3A for further information on the
emission inventory for stationary combustion plants.

1.4.2 Transport

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

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

For air traffic, the 2001-2009 estimates are made on a city-pair level, us-
ing flight data from the Danish Civil Aviation Agency (CAA-DK) and
LTO and distance-related emission factors from the CORINAIR guide-
lines (Tier 2 approach). For previous years the background data consists
of LTO/aircraft type statistics from Copenhagen Airport and total LTO
numbers from CAA-DK. With appropriate assumptions, consistent time-
series of emissions are produced back to 1990, which also include the
findings from a Danish city-pair emission inventory in 1998.

Off-road working machines and equipment are grouped in the following
sectors: inland waterways, agriculture, forestry, industry, and household
and gardening. In general, the emissions are calculated by combining in-
formation on the number of different machine types and their respective
load factors, engine sizes, annual working hours and emission factors
(Tier 2 approach).

For the most important ferry routes in Denmark (a sub-part of Naviga-
tion (1A3d)) detailed calculations are made by combining annual num-
ber of return trips, sailing time, engine size, load factor and emission fac-
tors (Tier 2 approach).

Please refer to Chapter 3.3 and Annex 3B for further information on
emissions from transport.

1.4.3 Fugitive Emissions from Fuels

Emissions from offshore activities are estimated using the methodology
described in the Emission Inventory Guidebook (EMEP/EEA, 2009). The
sources include emissions from the extraction of oil and gas, on-shore oil
tanks, flaring and onshore and offshore loading of ships. The emission
factors are based on the figures given in the guidebook, except for the
onshore oil tanks where national values are used.
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The VOC emissions from 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
processing the products and from sulphur recovery plants. The emission
calculations are based on information from the Danish refineries and the
energy statistics.

Inventories of the VOC emission from gas transmission and distribution
is based on annual environmental reports from the Danish gas transmis-
sion company, Energinet.dk, and annual data from the distribution com-
panies.

Please refer to Chapter 3.5 for further information on fugitive emissions
from fuels.

1.4.4 Industrial Processes

Energy consumption associated with industrial processes and the emis-
sions thereof are included in the Energy sector of the inventory. This is
due to the overall use of energy balance statistics for the inventory.

There is only one producer of cement in Denmark, Aalborg Portland Ltd.
The activity data for the production of cement clinker is obtained from
the company and the CO; emission is from the company report to EU-
ETS. The methodology is approved by the Danish Energy Agency and
the yearly emission estimate is in accordance with the methodology.

The reference for the activity data for production of lime, hydrated lime,
expanded clay products and bricks are the production statistics from the
manufacturing industries, published by Statistics Denmark.

Limestone is used for the refining of sugar as well as for wet flue gas
cleaning at power plants and waste incineration plants. The reference for
the activity data is Statistics Denmark for sugar, Energinet.dk for gyp-
sum from power plants combined with specific information on con-
sumption of CaCOs at specific power plants and National Waste Statis-
tics for gypsum from waste incineration. The emission factors are based
on stoichiometric relations between consumption of CaCO; and gypsum
generation as well as consumption of lime for sugar refining and precipi-
tation with CO». This information is supplemented with company re-
ports to EU-ETS.

The reference for the activity data for asphalt roofing is Statistics Den-
mark for consumption of roofing materials, combined with technical
specifications for roofing materials produced in Denmark. The emission
factors are default factors.

For road paving with asphalt the reference for the activity data is Statis-
tics Denmark for consumption of asphalt and cut-back asphalt. The
emission factors are default factors for consumption of asphalt and an es-
timated emission factor for cut-back asphalt based on the statistics on the
emission of NMVOC compiled by the industrial organisations in ques-
tion.



The reference for activity data for the production of glass and glass wool
are obtained from the producers published in their environmental re-
ports. Emission factors are based on stoichiometric relations between
raw materials and CO, emissions. This information is supplemented
with company reports to EU-ETS.

The production of lime and yellow bricks gives rise to CO emissions.
The emission factors are based on stoichiometric relations, assumption
on CaCOs content in clay as well as a default emission factor for ex-
panded clay products. This information is supplemented with company
reports to EU-ETS.

There has been one producer of nitric acid in Denmark. To date, the data
in the inventory relies on information from the producer. The producer
reports emissions of NOx and NH; as measured emissions and emissions
of N2O for 2003 as estimated emissions. The emission of N>O in 2005 and
forward is not occurring as the nitric acid production was closed down
in the middle of 2004.

There is one producer of catalysts in Denmark. The data in the inventory
relies on information published by the producer in environmental re-
ports.

There is one steelwork in Denmark. The activity data as well as data on
consumption of raw materials (coke) has been published by the producer
in environmental reports. Emission factors are based on stoichiometric
relations between raw materials and CO; emission. The electro steelwork
was closed in 2005.

The inventory on the F-gases (HFCs, PFCs and SFe) is based on work car-
ried out by the Danish Consultant Company "Planmilje". Their yearly
report (DEPA, 2011) documents the inventory data up to the year 2009.
The methodology is implemented for the whole time-series 1990-2009,
but full information on activities only exists since 1995.

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

1.4.5 Solvents

The approach for calculating the emissions of Non-Methane Volatile Or-
ganic Carbon (NMVOC) from industrial and household use in Denmark
focuses on single chemicals rather than activities. This leads to a clearer
picture of the influence from each specific chemical, which enables a
more detailed differentiation on products and the influence of product
use on emissions. The procedure is to quantify the use of the chemicals
and estimate the fraction of the chemicals that is emitted as a conse-
quence of use.

The detailed approach in EMEP/CORINAIR (2004) is used. Here all
relevant consumption data on all relevant solvents must be inventoried
or at least those together representing more than 90 % of the total
NMVOC emission. Simple mass balances for calculating the use and
emissions of chemicals are set up 1) use = production + import — export,
2) emission = use * emission factor. Production, import and export fig-
ures are extracted from Statistics Denmark, from which a list of 427 sin-
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gle chemicals, a few groups and products is generated. For each of these,
a “use” amount in tonnes pr yr (from 1995 to 2009) is calculated. It is
found that approximately 40 different NMVOCs comprise over 95 % of
the total use and it is these approximately 40 chemicals that are investi-
gated further. The “use” amounts are distributed across industrial activi-
ties according to the Nordic SPIN (Substances in Preparations in Nordic
Countries) database, where information on industrial use categories and
products is available in a NACE coding system. The chemicals are also
related to specific products. Emission factors are obtained from regula-
tors or the industry.

Outputs from the inventory are: a list where the approximately 40 most
predominant NMVOC:s are ranked according to emissions to air; specifi-
cation of emissions from industrial sectors and from households - contri-
bution from each chemical to emissions from industrial sectors and
households; tidal (annual) trend in NMVOC emissions, expressed as to-
tal NMVOC and single chemical, and specified in industrial sectors and
households.

This emission inventory includes N2O emissions from the use of anaes-
thesia for 2005-2009. Five companies sell N2O in Denmark and only one
company produces N>O. Due to confidentiality no data on produced
amount are available and thus the emissions related to N>O production
are unknown. An emission factor of one is assumed for all use, which
equals the sold amount to the emitted amount.

This year emissions from fireworks are included under other product
use. Data on consumption of fireworks are obtained from Statistics
Denmark. The emission factors used refer to international literature.

Please refer to Chapter 5 and Annex 3D for further information on the
emission inventory for solvent and other product use.

1.4.6 Agriculture

The emissions are provided in CRF: Table 4 Sectoral Report for Agricul-
ture and Table 4.A, 4.B(a), 4.B(b), 4.D and 4.F Sectoral Background Data
for Agriculture. The calculation of emissions from the agricultural sector
is based on methods described in the IPCC Guidelines (IPCC, 1996) and
the Good Practice Guidance (IPCC, 2000). Activity data for livestock is
on a one-year average basis from the agriculture statistics published by
Statistics Denmark (2010). Data concerning the land use and crop yield is
also from the agricultural statistics. Data concerning the feed consump-
tion and nitrogen excretion is based on information from the Faculty of
Agricultural Science, University of Aarhus. The CHs Implied Emission
Factors for Enteric Fermentation and Manure Management are based on
a Tier 2/CS approach for all animal categories except for poultry which
are based on a Tier 1 approach. All livestock categories in the Danish
emission inventory are based on an average of certain subgroups sepa-
rated by differences in animal breed, age and weight class. The emissions
from enteric fermentation for fur farming are estimated to be not appli-
cable.

Emission of N2O is closely related to the nitrogen balance. Thus, quite a
lot of the activity data is related to the Danish calculations for ammonia



emission (Mikkelsen et al., 2011). National standards are used to estimate
the amount of ammonia emission. When estimating the N>O emission
the IPCC standard value is used for all emission sources. The emission of
COz from Agricultural Soils is included in the LULUCEF sector.

A model-based system is applied for the calculation of the emissions in
Denmark. This model (IDA - Integrated Database model for Agricultural
emissions) is used to estimate emission from both greenhouse gases and
ammonia. A more detailed description is published in Mikkelsen et al.
(2011). The emission from the agricultural sector is mainly related to
livestock production. IDA works on a detailed level and includes around
38 livestock categories, and each category is subdivided according to
housing type and manure type. The emission is calculated from each
subcategory and the emission is aggregated in accordance with the live-
stock category given in the CRF.

To ensure data quality, both data used as activity data and background
data used to estimate the emission factor are collected, and discussed in
cooperation with specialists and researchers in different institutes and
research sections. Thus, the emission inventory will be evaluated con-
tinuously according to the latest knowledge. Furthermore, time-series
both of emission factors and emissions in relation to the CRF categories
are prepared. Any considerable variations in the time-series are ex-
plained.

The uncertainties for assessment of emissions from enteric fermentation,
manure management, agricultural soils and field burning of agricultural
residue have been estimated based on a Tier 1 and Tier 2 approach. The
most significant uncertainties are related to the emissions of N>O from
agricultural soils.

A more detailed description of the methodology for the agricultural sec-
tor is given in Chapter 6 and Annex 3E.

1.4.7 Forestry, Land Use and Land Use Change

A complete Land Use Change matrix based on satellite imaging of the
whole Danish land area has been performed into the six major area
classes. This has improved the coverage and the quality of the inventory
substantially.

In the forest inventory some changes has been made since the 2010 sub-
mission on how the standing C-stock are estimated. All applicable pools
are reported. This type of forest inventory is very similar to inventories
used in other countries, e.g. Sweden or Norway. Please see Chapter 7 for
further details.

CO; emissions from Cropland and Grassland are based on census data
from Statistics Denmark as regards size of area and crop yield combined
with GIS-analysis on land use from the EU agricultural subsidiary sys-
tem. This gives a very high accuracy on land use. All applicable pools are
reported for Cropland and Grassland. The emission from mineral soils
for cropland is estimated with a three-pooled dynamical soil C model (C-
TOOL). C-TOOL was initialised in 1980. The model is run for each
county in Denmark. Emissions from organic soils in Cropland are based
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on new national developed emission factors. For Grassland IPCC Tier 1b
values are used. The area with a complete new map of the organic soils
combined with field-specific crop data. National models have been de-
veloped for wooden perennial crops in Cropland based on area statistics
from Statistic Denmark. These are of minor importance. Sinks in hedge-
rows are based on a national developed model. The area with hedgerows
is based on hedgerows established with financial support from the Dan-
ish Government and aerial photos. Emissions from liming are based on
annual sales data collected by the Danish Agricultural Advisory Centre,
combined with the acid neutralisation capacity for each lot produced.

For Wetlands emissions are reported from peat extraction areas. Natural
wetlands are not reported. A comprehensive programme for restoration
of wetlands is taking place in Denmark. “Land” converted to Wetlands is
therefore reported.

For the purpose of having estimates for the KP accounting “Land” con-
verted to Settlements is reported but not Settlements remaining Settle-
ments.

No estimates are made for Other Land remaining Other Land and no
conversion of land to Other Land is made. For the purpose of having es-
timates for the KP accounting estimates for living biomass are provided
for land converted from Other Land to Other Land Use.

1.4.8 Waste

For 6.A Solid Waste Disposal on Land, only managed waste disposal
sites are of importance and registered; i.e. unmanaged and illegal dis-
posal of waste is considered to play a negligible role in the context of this
category. The CHjy emission at the Danish SWDSs is based on a First Or-
der Decay (FOD) model according to an IPCC tier 2 approach (IPCC
1997, 2000 and 2006). Data on waste types and amounts deposited at
solid waste disposal sites is according to the official registration per-
formed by the Danish Environmental Protection Agency (DEPA). The
model calculations are performed using landfill site characteristics and
statistics on the amounts of waste fractions deposited each year. Im-
proved documentation of the methodology, input parameter data in-
cluding uncertainty analysis are described in Chapter 8.2.

For 6.B Waste Water Handling, country-specific methodologies for calcu-
lating the emissions of CHs and N>O at wastewater treatment plants
(WWTPs). The review team have requested better documentation of de-
rived EF and national activity data, and improvements has been per-
formed with respect to dividing the contributions to the net methane
emission into specific treatment processes. Fugitive methane releases
from the municipal and private WWTPs have been divided into contri-
butions from 1) the sewer system, primary settling tank and biological N
and P removal processes, 2) from anaerobic treatment processes in closed
systems with biogas extraction and combustion for energy production
and 3) septic tanks. N2O formation and releases during the treatment
processes at the WWTPs and from discharged effluent waste water are
included. Documentation of the improved methodology, emission fac-
tors and activity data are described in Chapter 8.3.




Regarding 6.C Waste Incineration all municipal, industrial, hazardous
and medical waste incinerated is used for energy and heat production.
This production is included in the energy statistics, hence emissions are
included in the CRF under fuel combustion activities (CRF sector 1A),
and more specifically waste incineration takes place in CRF sectors 1Ala,
1A2f and 1A4a. For the 2011 submission reporting in this category covers
incineration of corpses and carcasses. The activity data are obtained from
the National Association of Danish Crematoria, the three facilities incin-
erating carcasses and the Danish Emergency Management Agency.

In CRF category 6.D Other small emissions due to gasification of waste
are included for the years 1994-2005. In 2006 onwards these emissions do
not occur. In the 2011 submission emissions from accidental fires have
been reallocated from category 6C to category 6D

Please refer to Chapter 8 and Annex 3F for further information on emis-
sion inventories for waste.

1.4.9 KP-LULUCF

Regarding the possibility of including in the first commitment period
emissions and removals associated with land use, land-use change and
forestry activities under Article 3.4 of the Kyoto Protocol, Denmark has
decided to include emissions and removals from Forest Management
(FM), Cropland Management (CM) and Grazing land Management
(GM).

The national system has identified land areas associated with the activi-
ties under Article 3.4 of the Kyoto Protocol in accordance with defini-
tions, modalities, rules and guidelines relating to land use, land-use
change and forestry activities under the protocol by satellite monitoring,
use of EU Land Parcel Information System (LPIS), detailed crop informa-
tion data on field level, soil mapping and sample plots from the national
forest inventory (NFI). All land converted from other activities into
Cropland and Grassland is accounted for. No land has been allowed to
leave elected areas under art. 3.4.

The forest definition adopted in the NFI is identical to the FAO defini-
tion (TBFRA, 2000). It includes “wooded areas larger than 0.5 ha, that are
able to form a forest with a height of at least 5 m and crown cover of at
least 10 %”. The minimum width is 20 m. For afforestation the carbon
stock change in the period 1990 - 2009 is based both on the area of affore-
station, the information on species composition from the Forest Census
2000 and from the NFL In the afforestation a steady increase in carbon
stock is found. The estimates for the carbon pools in the afforestation are
similar to previous estimates, with a slight increase due to the new
knowledge on species composition, average carbon stock in those areas
based on the NFI data and new data on the carbon stock in soils. Carbon
stock change caused by deforestation is estimated based on the defor-
ested area and the mean values of carbon stock in the total forest area.
This is due to the fact that no specific knowledge is available on the car-
bon pools of the deforested areas. For Forest Management are used cen-
sus and NFI data.
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For Cropland and Grassland the same methodology is used in the Con-
vention reporting as used in the KP reporting.

Please see Chapter 11 for further details.

1.4.10 Use of EU Emission Trading Scheme data

In 2004 the first guidelines for the monitoring and reporting of green-
house gas emissions pursuant to the EU Emission Trading Scheme (ETS)
Directive (2003/87/EC) were implemented (EU Commission, 2004).
These were updated in 2007 and are available from the EU Commission
website (EU Commission, 2007).

The Danish emission inventory only includes data from plants using
higher tier methods as defined in the EU decision establishing guidelines
for monitoring and reporting (EU Commission, 2007). In the Guidelines
the specific methods for determining carbon contents, oxidation factor
and calorific value are specified.

In the Danish inventory plant or activity based CO, emission factors
have been derived for power plants combusting coal and oil, refinery gas
and flare gas in refineries, fuel gas and flare gas at off-shore installations,
cement production, production of brick and tiles and lime production.
For all these sources the EU ETS reports are only used in the Danish in-
ventory for plants using high tier methods. The EU ETS data have been
applied for the years 2006 - 2009.

The EU ETS reporting guidelines emphasizes the need for a high quality
reporting through ensuring completeness, consistency, accuracy, trans-
parency and faithfulness. The quality criteria as defined under the EU
ETS reporting guidelines are in complete agreement with the principles
in the IPCC good practice guidance. For all activities covered by the EU
ETS installations are divided in to three categories (A, B and C) depend-
ing on the annual CO, emission. A category A installation has an annual
emission of less than 50 Gg CO,, a category B installation has an annual
emission of between 50 and 500 Gg COzand a category C installation has
an annual emission of more than 500 Gg CO.. For each activity table 1 of
the EU ETS guidelines (EU Commission, 2007) specifies the minimum
tier level for the different calculation parameters. An example for com-
bustion installations is shown in Table 1.2, the full list for all activities is
available in the EU ETS guidelines (EU Commission, 2007).

Table 1.2 Example of minimum requirements in EU ETS guidelines (EU Commission, 2007).

Activity data L o
— Emission factor Oxidation factor
Fuel flow Net calorific value
Activity A B C A B C A B C A B C

Commercial standard fuels

Other gaseous and liquid
fuels

Solid fuels

2 3 4 2a/2b 2a/2b 2a/2b 2a/2b 2a/2b 2a/2b 1 1 1
2 3 4 2a/2b 2a/2b 3 2a/2b 2a/2b 3 1 1 1

1 2 3 2a/2b 3 3 2a/2b 3 3 1 1 1

The determination of the variables needed for the emission calculation
has to be done in accordance with international standards. It is not pos-
sible to list all the relevant standards here, but an overview is available



in annex 1, chapter 13 of the EU ETS guidelines. There are also demands
concerning sampling methods and frequency of analysis.

As an example the tier 3 regarding fuel flow for fuel combustion, corre-
sponds to a determination of the fuel consumption with an maximum
uncertainty of 2.5 % taking into account possible effects of stock change.
Tier 4 is a maximum uncertainty of 1.5 %. These uncertainties are very
low and are in line with what could be expected from a well functioning
energy statistics system. More information regarding the use of EU ETS
data in the specific subsectors of the inventory is included in Chapter
3.2.5 (Power plants), Chapter 3.5.2 (Refineries and off-shore installations)
and Chapter 4.2.2 (Cement production and other mineral products).

The operators shall establish, document, implement and maintain effec-
tive data acquisition and handling activities. This means assigning re-
sponsibilities for the quality process, as well as quality assurance, re-
views and validation of data. Furthermore an independent verification
ensuring that emissions have been monitored in accordance with the EU
ETS guidelines and that reliable and correct emission data are reported.
There are also demands that records and documentation of the control
activities must be stored for at least 10 years. The demands for the
QA/QC system in the EU ETS guidelines are fully comparable to the re-
quirements in the IPCC good practice guidance. Even so NERI also per-
forms QC checks of the data received as part of company reporting un-
der EU ETS. This includes comparing the reported parameters with pre-
vious years, identifying outliers etc. In case NERI detects what is consid-
ered to be abnormal values NERI contacts the Danish Energy Agency,
which is the regulating authority for the EU ETS system in Denmark.

1.5 Brief description of key categories

The key category analysis described in this section covers only Denmark.
The aggregation used for the analysis is not directly suited for emissions
from Greenland. If Greenlandic emissions were included in the analysis,
they would not affect the overall results of the key category analysis. For
a key category analysis covering Greenland refer to Chapter 16 and for
Denmark and Greenland refer to Chapter 17.

All KCA have been carried out in accordance with Good Practice Guid-
ance (GPG) and IPCC Guidelines (2006).

The KCA for Denmark includes a total of 12 different analyses:
e base year, reporting year and trend
e including and excluding LULUCF

e Tier 1 and tier 2 approach

The KCA is based on 143 emission source categories including 20 LU-
LUCEF source categories.

The 12 different KCA for Denmark point out 26-36 key source categories

each and a total of 63 different key source categories. The number of key
categories in each of the main sectors is: energy 31, industrial processes
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5, solvents and other product use 0, agriculture 12, LULUCF 11 and
waste 4.

The tier 1 approach point out mainly the large emission sources as key
categories and thus CO, emission from stationary and mobile combus-
tion are important key categories. The tier 2 approach point out some of
the sources with larger uncertainty rates.

The categorisation and results of all KCA are included in Annex 1.

1.5.1 Tier 1 key category analysis

The KCA for 1990 excluding LULUCF points out 26 key categories (32
key categories for the KCA including LULUCEF). Stationary combustion
of coal is the main source category accounting for 35 % of the emission!.
Road transport, stationary combustion of gas oil and stationary combus-
tion of natural gas account for 14 %, 7 % and 6 % respectively.

The KCA for 2009 excluding LULUCF points out 26 key categories (32
key categories for the KCA including LULUCEF). Stationary combustion
of coal is the main source category accounting for 26 % of the emission!.
Road transport, and stationary combustion of natural gas account for 20
% and 15 % respectively.

The KCA for trend (1990-2009) excluding LULUCF points out 26 key
categories (36 key categories for the KCA including LULUCEF). Station-
ary combustion of coal is the main source category accounting for 21 %
of the emission!. Stationary combustion of natural gas, road transport
and stationary combustion of gas oil account for 21 %, 15 % and 9 % re-
spectively.

1.5.2 Tier 2 key category analysis

The KCA for 1990 excluding LULUCF points out 26 key categories (31
key categories for the KCA including LULUCEF). N:O from leaching is
the main source category accounting for 16 % of the aggregation value2.
N20 from synthetic fertilizer, CH4 from solid waste disposal on land and
N20 from animal waste applied to soils account for 16 %, 9 % and 7 %
respectively.

The KCA for 2009 excluding LULUCF points out 29 key categories (33
key categories for the KCA including LULUCF). N2O from leaching is
the main source category accounting for 11 % of the aggregation value?.
N20O from synthetic fertilizer, CHs from solid waste disposal on land,
N20 from animal waste applied to soils and N>O from biomass combus-
tion in stationary combustion plants account for 9 %, 9 %, 9 % and 6 %
respectively.

The KCA for trend (1990-2009) excluding LULUCF points out 28 key
categories (35 key categories for the KCA including LULUCE). N>O
from synthetic fertilizer is the main source category accounting for 18 %
of the aggregation value2. N>O from leaching, N>O from biomass com-

1 Data for the KCA excluding LULUCEF.
2 According to IPCC Guidelines (2006).



bustion in stationary combustion plants and consumption of HFC ac-
count for 15 %, 9 % and 6 % respectively.

1.56.3 KP-LULUCF

See Chapter 11.9.1 for discussion on the key category analysis of KP-
LULUCF.

1.6 Information on QA/QC plan including verification and
treatment of confidential issues where relevant

1.6.1 Introduction

This section outlines the Quality Control (QC) and Quality Assurance
(QA) plan for greenhouse gas emission inventories performed by the
Danish National Environmental Research Institute (Serensen et al., 2005).
The plan is in accordance with the guidelines provided by the IPCC
(IPCC, 1997), and the Good Practice Guidance and Uncertainty Man-
agement in National Greenhouse Gas Inventories (IPCC, 2000). The ISO
9000 standards are also used as important input for the plan.

The QA/QC plan also covers Greenland. NERI receives the data corre-
sponding to data processing level 3 and data storage level 4 and the data
undergoes the same QA /QC procedure as the Danish data, some further
QC checks are described in Chapter 17. The QA/QC specific to the
Greenlandic emission inventory is described in Chapter 16.

1.6.2 Concepts of quality work

The quality planning is based on the following definitions as outlined by
the ISO 9000 standards as well as the Good Practice Guidance (IPCC,
2000):

¢ Quality management (QM) Coordinates activity to direct and control
with regard to quality.

¢ Quality Planning (QP) Defines quality objectives including specifica-
tion of necessary operational processes and resources to fulfil the
quality objectives.

¢ Quality Control (QC) Fulfils quality requirements.

e Quality Assurance (QA) Provides confidence that quality require-
ments will be fulfilled.

e Quality Improvement (QI) Increases the ability to fulfil quality re-
quirements.

The activities are considered inter-related in this report as shown in Fig-
ure 1.2.
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Quality planning (QP)
1 &
Quality control (QC) 2 |  _  Quality assurance (QA)

TV

Quality improvement (Ql)

Figure 1.2 Interrelation between the activities with regard to quality. The arrows are ex-
plained in the text below this figure.

1: The QP sets up the objectives and, from these, measurable properties
valid for the QC.

2: The QC investigates the measurable properties that are communicated
to QA for assessment in order to ensure sufficient quality.

3. The QP identifies and defines measurable indicators for the fulfilment
of the quality objectives. This yields the basis for the QA and has to be
supported by the input coming from the QC.

4: The result from QC highlights the degree of fulfilment for every qual-
ity objective. It is thus a good basis for suggestions for improvements to
the inventory to meet the quality objectives.

5: Suggested improvements in the quality may induce changes in the
quality objectives and their measurability.

6: The evaluation carried out by external authorities is important input
when improvements in quality are being considered.

1.6.3 Definition of quality

A solid definition of quality is essential. Without such a solid definition,
the fulfilment of the objectives will never be clear and the process of
quality control and assurance can easily turn out to be a fuzzy and un-
pleasant experience for the people involved. On the contrary, in case of a
solid definition and thus a clear goal, it will be possible the make a valid
statement of “good quality” and thus form constructive conditions and
motivate the inventory work positively. A clear definition of quality has
not been given in the UNFCCCC guidelines. In the Good Practice Guid-
ance, Chapter 8.2, however, it is mentioned that:

“Quality control requirements, improved accuracy and reduced uncer-
tainty need to be balanced against requirements for timeliness and cost
effectiveness.” The statement of balancing requirements and costs is not
a solid basis for QC as long as this balancing is not well defined.

The resulting standard of the inventory is defined as being composed of
accuracy and regulatory usefulness. The goal is to maximise the standard
of the inventory and the following statement defines the quality objec-
tive:

The quality objective is only inadequately fulfilled if it is possible to make an in-
ventory of higher standard without exceeding the frame of resources.



1.6.4 Definition of Critical Control Points (CCP)

A Critical Control Point (CCP) is defined in this submission as an ele-
ment or an action which needs to be taken into account in order to fulfil
the quality objectives. Every CCP has to be necessary for the objectives
and the CCP list needs to be extended if other factors, not defined by the
CCP list, are needed in order to reach at least one of the quality objec-
tives.

The objectives for the QM, as formulated by IPCC (2000), are to improve
elements of transparency, consistency, comparability, completeness and
confidence. In the IPCC guidelines (IPCC, 1997), the element “confi-
dence” is replaced by “accuracy” and in this plan “accuracy” is used.

The objectives for the QM are used as CCPs, including the elements men-
tioned above. The following explanation is given by IPCC guidelines
(IPCC, 1997) for each CCP:

Transparency means that the assumptions and methodologies used for an
inventory should be clearly explained to facilitate replication and as-
sessment of the inventory by users of the reported information. The
transparency of the inventories is fundamental to the success of the
process for communication and consideration.

Consistency means that an inventory should be internally consistent in all
its elements with inventories of other years. An inventory is consistent if
the same methodologies are used for the base and for all subsequent
years and if consistent datasets are used to estimate emissions or remov-
als from source or sinks. Under certain circumstances, an inventory us-
ing different methodologies for different years can be considered to be
consistent if it has been recalculated in a transparent manner in accor-
dance with the Intergovernmental Panel on Climate Change (IPCC)
guidelines and good practice guidance.

Comparability means that estimates of emission and removals reported by
Annex I Parties in inventories should be comparable among Annex I par-
ties. For this purpose, Annex I Parties should use the methodologies and
formats agreed upon by the COP for estimating and reporting invento-
ries. The allocation of different source/sink categories should follow the
split of Revised 1996 IPCC Guidelines for national Greenhouse Gas Inventories
(IPCC, 1997) at the level of its summary and sectoral tables.

Completeness means that an inventory covers all sources and sinks, as
well as all gases, included in the IPCC guidelines as well as other exist-
ing relevant source/sink categories, which are specific to individual An-
nex I Parties and, therefore, may not be included in the IPCC guidelines.
Completeness also means full geographic coverage of sources and sinks
of an Annex I Party.

Accuracy is a relative measure of the exactness of an emission or removal
estimate. Estimates should be accurate and should systematically neither
over nor underestimate emissions or removals. Uncertainties on esti-
mates should be reduced if possible. Appropriate methodologies should
be used in accordance with the IPCC good practice guidance, to promote
data accuracy in inventories.
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The robustness against unexpected disturbance of the inventory work
has to be high in order to secure high quality, which is not covered by
the CCPs above. The correctness of the inventory is formulated as an in-
dependent objective. This is so because the correctness of the inventory is
a condition for all other objectives to be effective. A large part of the Tier
1 procedure given by the Good Practice Guidance (IPCC, 2000) is actu-
ally checks for miscalculations and, thus, supports the objective of cor-
rectness. Correctness, as defined here, is not similar to accuracy, because
the correctness takes into account miscalculations, while accuracy relates
to minimizing the always present data-value uncertainty.

Robustness implies arrangement of inventory work as regards e.g. inven-
tory experts and data sources in order to minimize the consequences of
any unexpected disturbance due to external and internal conditions. A
change in an external condition could be interruption of access to an ex-
ternal data source and an internal change could be a sudden reduction in
qualified staff, where a skilled person suddenly leaves the inventory
work.

Correctness has to be secured in order to avoid uncontrollable occurrence
of uncertainty directly due to errors in the calculations.

The different CCPs are not independent and represent different degrees
of generality. E.g. deviation from comparability may be accepted if a high
degree of transparency is applied. Furthermore, there may even be a con-
flict between the different CCPs. E.g. new knowledge may suggest im-
provements in calculation methods for better completeness, but the same
improvements may to some degree violate the consistency and comparabil-
ity criteria with regard to earlier years” inventories and the reporting
from other nations. It is, therefore, a multi-criteria problem of optimisa-
tion to apply the set of CCPs in the aim for good quality.

1.6.5 Process-oriented QC

The strategy is based on a process-oriented principle (ISO 9000 series)
and the first step is, thus, to set up a system for the process of the inven-
tory work. The product specification for the inventory is a dataset of
emission figures and the process, thereby, equates with the data flow in
the preparation of the inventory.

The data flow needs to support the QC/QA in order to facilitate a cost-
effective procedure. The flow of data has to take place in a transparent
way by making the transformation of data detectable. It should be easy
to find the original background data for any calculation and to trace the
sequence of calculations from the raw data to the final emission result.
Computer programming for automated calculations and checking will
enhance the accuracy and minimize the number of miscalculations and
flaws in input value settings. Especially manual typing of numbers needs
to be minimized. This assumes, however, that the quality of the pro-
gramming has been verified to ensure the correctness of the automated
calculations. Automated value control is also one of the important means
to secure accuracy. Realistic uncertainty estimates are necessary for se-
curing accuracy, but they can be difficult to produce due to the uncer-
tainty related to the uncertainty estimates themselves. It is, therefore,
important to include the uncertainty calculation procedures into the data



structure as far as possible. The QC/QA needs to be supported as far as
possible by the data structure; otherwise the procedures can easily be-
come troublesome and subject to frustration.

Both data processing and data storage form the data structure. The data
processing is carried out using mathematical operations or models. The
models may be complicated where they concern human activity or be
simple summations of lower aggregated data. The data storage includes
databases and file systems of data that are either calculated using the
data processing at the lower level, using input to new processing steps or
even using both output and input in the data structure. The measure for
quality is basically different for processing and storage, so these need to
be kept separate in a well-designed quality manual. A graphical display
of the data flow is seen in Figure 1.3 and explained in the following.

The data storage takes place for the following types of data:

External Data: a single numerical value of a parameter coming from an
external source. These data govern the calculation of Emission calculation
nput.

Emission calculation input: Data for input to the final emission calcula-
tion in terms of data for release source strength and activity. The data is
directly applicable for use in the standardized forms for calculation.
These data are calculated using external data or represent a direct use of
External Data when they are directly applicable for Emission Calculations.

Emission Data: Estimated emissions based on the emission calculation in-
put.

Emission Reporting: Reporting of emission data in requested formats
and aggregation level.

Data Processing Data Storage
Emission Reporting Level
Calculating 4
Level 3 aggregated |
parameters
[ | Emission Data Level 3
Level 2 Calculating
emission | Emission calculation input Level 2
Level 1 Preparation of
factors for emission
calculations External data Level 1

Figure 1.3 The general data structure for the emission inventory.
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Key levels are defined in the data structure as:

Data storage Level 1, External data

Collection of external data for calculation of emission factors and activity
data. The activity data are collected from different sectors and statistical
surveys, typically reported on a yearly basis. The data consist of raw
data, having an identical format to the data received and gathered from
external sources. Level 1 data acts as a base-set, on which all subsequent
calculations are based. If alterations in calculation procedures are made,
they are based on the same dataset. When new data are introduced they
can be implemented in accordance with the QA /QC structure of the in-
ventory.

Data storage Level 2, Data directly usable for the inventory

This level represents data that have been prepared and compiled in a
form that is directly applicable for calculation of emissions. The com-
piled data are structured in a database for internal use as a link between
more or less raw data and data that are ready for reporting. The data are
compiled in a way that elucidates the different approaches in emission
assessment: (1) directly on measured emission rates, especially for larger
point sources, (2) based on activities and emission factors, where the
value setting of these factors are stored at this level.

Data storage Level 3, Emission data

The emission calculations are reported by the most detailed figures and
divided in sectors. The unit at this level is typically mass pr yr for the
country. For sources included in the SNAP system, the SNAP level 3 is
relevant. Internal reporting is performed at this level to feed the external
communication of results.

Data storage Level 4, Final reports for all subcategories
The complete emission inventory is reported to UNFCCC at this level by
summing up the results from every subcategory.

Data processing Level 1 Compilation of external data

Preparation of input data for the emission inventory based on the exter-
nal data sources. Some external data may be used directly as input to the
data processing at level 2, while other data needs to be interpreted using
more or less complicated models, which takes place at this level. The in-
terpretation of activity data is to be seen in connection with availability
of emission factors and vice versa. These models are compiled and proc-
essed as an integrated part of the inventory preparation.

Data processing Level 2 Calculation of inventory figures

The emission for every subcategory is calculated, including the uncer-
tainty for all sectors and activities. The summation of all contributions
from sub-sources makes up the inventory.

Data processing Level 3 Calculation aggregated parameters

Some aggregated parameters need to be reported as part of the final re-
porting. This does not involve complicated calculations but important
figures, e.g. implied emission factors at a higher aggregated level to be
compared in time-series and with other countries.



1.6.6 Definition of Point of Measurements (PM)

The CCPs have to be based on clear measurable factors, otherwise the QP
will end up being just a loose declaration of intent. Thus, in the follow-
ing, a series of Points for Measuring (PM) is identified as building blocks
for a solid QC. Table 8.1 in Good Practice Guidance is a listing of such
PMs. However, the listing in Table 1.1 below is an extended and modi-
fied listing, in comparison to Table 8.1. in the Good Practice Guidance
supporting all the CCPs. The PMs will be routinely checked in the QC
reporting and, when external reviews take place, the reviewers will be
asked to assess the fulfilment of the PMs using a checklist system. The
list of PMs is continually evaluated and modified to offer the best possi-
ble support for the CCPs. The actual list used is seen in Table 1.2.

61



62

Table 1.2 The list of PMs as used.

Level CCP Id Description

Data Storage 1. Accuracy DS.1.1.1 General level of uncertainty for every dataset including
the reasoning for the specific values

level 1

DS.1.1.2  Quantification of the uncertainty level of every single data
value, including the reasoning for the specific values.

2. Comparability DS1.2.1 Comparability of the data values with similar data from
other countries, which are comparable with Denmark, and
evaluation of the discrepancy.

3.Completeness  DS.1.3.1 Documentation showing that all possible national data
sources are included, by setting down the reasoning
behind the selection of datasets.

4.Consistency DS.1.4.1  The origin of external data has to be preserved whenever
possible without explicit arguments (referring to other
PMs)

6.Robustness DS.1.6.1 Explicit agreements between the external institution hold-
ing the data and NERI about the conditions of delivery

DS.1.6.2 At least two employees must have a detailed insight into
the gathering of every external dataset.

7.Transparency DS.1.7.1 Summary of each dataset including the reasoning behind
the selection of the specific dataset

DS.1.7.2  The archiving of datasets needs to be easily accessible
for any person in the emission inventory

DS.1.7.3  References for citation for any external dataset have to be
available for any single number in any dataset.

DS.1.7.4  Listing of external contacts for every dataset

Data 1. Accuracy DP.1.1.1 Uncertainty assessment for every data source as input to
Processing Data Storage level 2 in relation to type of variability. (Dis-
level 1 tribution as: normal, log normal or other type of variability)

DP.1.1.2  Uncertainty assessment for every data source as input to
Data Storage level 2 in relation to scale of variability (size
of variation intervals)

DP.1.1.3  Evaluation of the methodological approach using interna-
tional guidelines

DP.1.1.4  Verification of calculation results using guideline values

2.Comparability DP.1.2.1  The inventory calculation has to follow the international
guidelines suggested by UNFCCC and IPCC.

3.Completeness  DP.1.3.1  Assessment of the most important quantitative knowledge
which is lacking.

DP.1.3.2  Assessment of the most important cases where access is
lacking with regard to critical data sources that could
improve quantitative knowledge.

4.Consistency DP.1.4.1  In order to keep consistency at a high level, an explicit
description of the activities needs to accompany any
change in the calculation procedure

DP.1.4.2 lIdentification of parameters (e.g. activity data, constants)
that are common to multiple source categories and con-
firmation that there is consistency in the values used for
these parameters in the emission calculations

5.Correctness DP.1.5.1 Shows at least once, by independent calculation, the
correctness of every data manipulation

DP.1.5.2  Verification of calculation results using time-series

DP.1.5.3  Verification of calculation results using other measures

DP.1.5.4  Show one-to-one correctness between external data

sources and the databases at Data Storage level 2




Continued

Level CCP Id Description
6.Robustness DP.1.6.1  Any calculation must be anchored to two responsible
persons who can replace each other in the technical issue
of performing the calculations.
7.Transparency DP.1.7.1  The calculation principle and equations used must be
described

DP.1.7.2  The theoretical reasoning for all methods must be de-
scribed

DP.1.7.3  Explicit listing of assumptions behind all methods

DP.1.7.4  Clear reference to dataset at Data Storage level 1

DP.1.7.5 A manual log to collect information about recalculations

Data Storage 2.Comparability = DS.2.2.1  Comparison with other countries that are closely related
level 2 to Denmark and explanation of the largest discrepancies
5.Correctness DS.2.5.1 Documentation of a correct connection between all data
types at level 2 to data at level 1
DS.2.5.2  Check if a correct data import to level 2 has been made
6.Robustness DS.2.6.1  All persons in the inventory work must be able to handle
and understand all data at level 2.
7.Transparency DS.2.7.1  The time trend for every single parameter must be graphi-
cally available and easy to map

DS.2.7.2  Aclear Id must be given in the dataset having reference

to level 1.
Data 1. Accuracy DP.2.1.1 Documentation of the methodological approach for the
Processing uncertainty analysis
level 2
DP.2.1.2  Quantification of uncertainty
2.Comparability DP.2.2.1  The inventory calculation has to follow the international
guidelines suggested by UNFCCC and IPCC
6.Robustness DP.2.6.1  Any calculation at level 4 must be anchored to two re-
sponsible persons who can replace each other in the
technical issue of performing the calculations.
7.Transparency DP.2.7.1  Reporting of the calculation principle and equations used

DP.2.7.2  Reporting of the theoretical reasoning for all methods

DP.2.7.3  Reporting of assumptions behind all methods

DP.2.7.4  The reasoning for the choice of methodology for uncer-
tainty analysis needs to be written explicitly.

Data Storage 1. Accuracy DS.3.1.1  Quantification of uncertainty
level 3
5.Correctness DS.3.5.1  Comparison with inventories of the previous years on the
level of the categories of the CRF as well as on SNAP
source categories. Any major changes are checked,
verified, etc.

DS.3.5.2  Total emissions, when aggregated to CRF source catego-
ries, are compared with totals based on SNAP source
categories (control of data transfer).

DS.3.5.3  Checking of time-series of the CRF and SNAP source
categories as they are found in the Corinair databases.
Considerable trends and changes are checked and ex-
plained.

7.Transparency DS.3.7.1  Documentation of a correct connection between all data

types at DS3 to data at level DS2
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Continued

Level CCP Id Description

Data 7.Transparency DP.3.7.1  In the calculation sheets, there must be clear Id to Data
Processing Storage level 3 data

level 3

Data Storage 1. Accuracy DS.4.1.1  Questionnaire to external experts: The performance of the
level 4 PMs that relate to accuracy.

2.Comparability DS.4.2.1 Description of similarities and differences in relation to
other countries’ inventories for the methodological ap-
proach.

3.Completeness DS.4.3.1  Questionnaire to external experts: The performance of the
PMs that relate to completeness.

DS.4.3.2  National and international verification including explana-
tion of the discrepancies.

DS.4.3.3  Check that the no sources where a methodology exists in
the IPCC guidelines are reported as NE by Greenland.

4.Consistency DS.4.4.1  The inventory reporting must follow the international
guidelines suggested by UNFCCC and IPCC.

DS.4.4.2  Check time-series consistency of the reporting by
Greenland and the Faroe Islands prior to aggregating the
final submissions.

5.Correctness DS.4.5.1  Check that the aggregated submissions for Denmark
under the Kyoto Protocol and the UNFCCC match the
sum of the individual submissions.

7.Transparency DS.4.7.1  External review for evaluation of the communication per-
formance.

DS.4.7.2  Perform QA on the documentation report provided by the
Government of Greenland.

1.6.7 Plan for the quality work

The IPCC uses the concept of a tiered approach, i.e. a stepwise approach,
where complexity, advancement and comprehensiveness increase. Gen-
erally, more detailed and advanced methods are recommended in order
to give guidance to countries which have more detailed datasets and
more capacity, as well as to countries with less available data and man-
power. The tiered approach helps to focus attention on the areas of the
inventories that are relatively weak, rather than investing effort in irrele-
vant areas. Furthermore, the IPCC guidelines recommend using higher
tier methods for key categories in particular. Therefore, the identification
of key categories is crucial for planning quality work. However, there ex-
ist several issues regarding the listing of priority categories: (1) The con-
tribution to the total emission figure (key source listing); (2) The contri-
bution to the total uncertainty; (3) Most critical categories in relation to
implementation of new methodologies and thus highest risk for miscal-
culations. All the points listed are necessary for different aspects of pro-
ducing high quality work. These listings will be used to secure imple-
mentation of the full quality scheme for the most relevant categories.
Verification in relation to other countries has been undertaken for prior-
ity categories.



1.6.8 Implementation of the QA/QC plan

The PMs listed in Table 1.2 are described for each sector in the QA /QC
sections of Chapters 3-8, where a status with regard to implementation is
also given. Some of the PMs are the same for all sectors and a common
description for these PMs is given in Section 1.6.10, below. The focus has
been on level 1 for both data storage and data processing as this is the
most labour-intensive part. The quality system will be evaluated and ad-
justed continuously.

1.6.9 Archiving of data and documentations

The QA/QC work is supported by an inventory file system, where all
data, models and QA /QC procedures and checks are stored as files in
folders (Figure 1.4).
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Figure 1.4 Schematic diagram of the folder structure in the inventory file system.

The inventory file system consists of the following levels: year, sector
and the level for the process of the inventory work, as illustrated in Fig-
ure 1.4. The first level in the file system is year, which here means the in-
ventory year and not the calendar year. The sector level contains the PMs
relevant for the individual sectors i.e. the first levels (DS1 and DP1) (ex-
cept the PMs described in Section 1.6.10), while the rest of the PMs (DS2-
4 and DP2-3), are common for all sectors.

All data, models and other QA /QC related files are stored in the inven-

tory file system and are accessible for all staff involved in the inventory
work.

65



66

1.6.10 Common QA/QC PMs

The following PMs are common for all the sectors:

Data storage Level 1

Data Storage [6. Robustness  |DS.1.6.2 |At least two employees must have a detailed
level 1 insight into the gathering of every external
dataset.

For all sectors: energy, industrial processes, solvent and other product
use, agriculture, LULUCF and waste, two persons have detailed insight
in data gathering and processing. A strong effort is continuously made to
ensure the robustness of the inventory process.

Data Storage [7. Transparency [DS.1.7.2 [The archiving of datasets needs to be easy
level 1 accessible for any person involved in the
emission inventory.

All data, models and other QA /QC related files are stored in the inven-
tory file system and are accessible for all inventory staff members. Refer
to Section 1.6.9.

Data processing Level 1

Data Process- (4. Consistency |DP.1.4.2 [ldentification of parameters (e.g. activity data,
ing level 1 constants) that are common to multiple
source categories and confirmation that there
is consistency in the values used for these
parameters in the emission calculations.

This PM is supported by the inventory file system where it is possible to
compare and harmonise parameters that are common to multiple source
categories.

Data Process- [6.Robustness |DP.1.6.1 |Any calculation must be anchored to two

ing level 1 responsible persons who can replace each
other in the technical issue of performing the
calculations.

All data, models and other QA /QC related files are stored in the inven-
tory file system and are accessible for all inventory staff members. Refer
to Section 1.6.9.

Data storage Level 2

Data Storage [2.Comparability |DS.2.2.1 |[Comparison with other countries that are
level 2 closely related to Denmark and explanation
of the largest discrepancies.

Systematic inter-country comparison has only been made on data stor-
age level 4. Refer to DS 4.3.2.

Data Storage [6.Robustness |DS.2.6.1 |All persons in the inventory work must be
level 2 able to handle and understand all data at
level 2.

This PM is fulfilled for all sectors. The PM is supported by the inventory
file system. Refer to Section 1.6.9.



Data Storage |[7.Transparency |DS.2.7.1 |[The time trend for every single parameter
level 2 must be graphically available and easy to
map.

Programs exist to make time-series for all parameters. A tool for graphi-
cally showing time-series has not yet been developed.

Data Storage (7.Transparency [DS.2.7.2 |A clear Id must be given in the dataset hav-
level 2 ing reference to level 1.

An overview of all external data is given in DS 1.4.1 including ID num-
bers for all external datasets. Many references already exist in the data-
bases (level 2) which point to the original source of data, but ID numbers
have to be implemented and extended to all data in the databases.

Data Processing Level 2

Data 1. Accuracy DP.2.1.1 |Documentation of the methodological ap-
Processing proach for the uncertainty analysis
level 2

Refer to chapter 1.7.

Data 1. Accuracy DP.2.1.2 |Quantification of uncertainty
Processing

level 2

Refer to chapter 1.7 and the QA/QC sections in the sectoral chapters
(Chapter 3-8).

Data 2.Comparability [DP.2.2.1 [The inventory calculation has to follow the
Processing international guidelines suggested by
level 2 UNFCCC and IPCC.

The emission calculations follow the international guidelines.

Data 6.Robustness  [DS.2.6.1 |All persons in the inventory work must be
Processing able to handle and understand all data at
level 2 level 2.

At present the emission calculations are carried out using applications
developed at NERI. The software development and programme runs are
anchored to two inventory staff members.

Data 7. Transparency |DP.2.7.1 |Reporting of the calculation principle and
Processing equations used.
level 2

Due to the uniform treatment of input data in the calculation routines
used by the NERI software programmes, a central documentation of cal-
culation principles, equations, theoretical reasoning and assumptions
must be given, treating all national emission sources. This documenta-
tion still remains to be made, but is planned to be carried out in the fu-
ture.
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Data 7. Transparency |DP.2.7.2 |Reporting of the theoretical reasoning for all
Processing methods

level 2

Due to the uniform treatment of input data in the calculation routines
used by the NERI software programmes, a central documentation of cal-
culation principles, equations, theoretical reasoning and assumptions
must be given, treating all national emission sources. This documenta-
tion still remains to be made, but is planned to be carried out in the fu-
ture.

Data 7. Transparency |DP.2.7.3 [Reporting of assumptions behind all meth-
Processing ods
level 2

Due to the uniform treatment of input data in the calculation routines
used by the NERI software programmes, a central documentation of cal-
culation principles, equations, theoretical reasoning and assumptions
must be given, treating all national emission sources. This documenta-
tion still remains to be made, but is planned to be carried out in the fu-
ture.

Processing
level 2

Data 7. Transparency |DP.2.7.4 [The reasoning for the choice of methodology

for uncertainty analysis needs to written
explicitly.

Refer to chapter 1.7 and the QA /QC sections in the sectoral chapters.

Data storage Level 3

Data Storage
level 3

1. Accuracy

DS.3.1.1

Quantification of uncertainty

Refer to chapter 1.7 and the QA /QC sections in the sector chapters.

Data Storage
level 3

5.Correctness

DS.3.5.1

Comparison with inventories of the previous
years on the level of the categories of the
CRF as well as on SNAP source categories.
Any major changes are checked, verified,
etc.

Time-series is prepared and checked, any major change is closely exam-
ined with the purpose of verifying and explaining changes from earlier

inventories.

Data Storage
level 3

5.Correctness

DS.3.5.2

Total emissions when aggregated to CRF
source categories are compared with totals
based on SNAP source categories (control
of data transfer).

Total emission, when aggregated to IPCC and LRTAP reporting tables, is
compared with totals based on SNAP source categories (control of data

transfer).



Data Storage [5.Correctness |DS.3.5.3 [Checking of time-series of the CRF and
level 3 SNAP source categories as they are found
in the Corinair databases. Considerable
trends and changes are checked and ex-
plained.

Time-series are prepared and checked, any major change is closely exam-
ined with the purpose of verifying and explaining fluctuations.

Data Storage [7.Transparency |DS.3.7.1 |Documentation of a correct connection be-
level 3 tween all data types at DS3 to data at level
DS2

A central documentation will be provided, treating all national emission
sources.

Data Processing Level 3

Data 7. Transparency |DP.3.7.1 [In the calculation sheets, there must be
Processing clear Id to Data Storage level 3 data.
level 3

A central documentation will be provided, treating all national emission
sources.

Data Storage Level 4

Data Storage |1. Accuracy DS.4.1.1  |Questionnaire to external experts: The
level 4 performance of the PMs that relates to
accuracy

This PM is checked when the sectoral reports are reviewed by external
experts.

Data Storage |2.Comparability [DS.4.2.1 |Description of similarities and differences in
level 4 relation to other countries’ inventories for
the methodological approach

For each key source category, a comparison has been made between
Denmark and the EU-15 countries. This is performed by comparing
emission density indicators, defined as emission intensity value divided
by a chosen indicator. The indicators are identical to the ones identified
in the Norwegian verification inventory (Holtskog et al., 2000). The cor-
relation between emissions and an independent indicator does not nec-
essarily imply cause and effect, but in cases where the indicator is di-
rectly associated with the emission intensity value, such as for the energy
sector, the emission density indicator is a measure of the implied emis-
sion factor and a direct comparison can be made. A qualitative verifica-
tion of implied emission factors can, furthermore, be made when a
measured or theoretical value of the CO, content in the respective fuel
type (or other relevant parameter) is available. For the energy sector, all
countries are, in principle, comparable and inter-country deviations arise
from variations in fuel purities and fuel combustion efficiencies. A com-
parison of national emission density indicators, analogous to the implied
emission factors, will give valuable information on the quality and effi-
ciency of the national energy sectors.

Furthermore, the inter-country comparison of emission density indica-
tors and comparison of theoretical values gives a methodological verifi-
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cation of the derivation of emission intensity values, and of the correla-
tion between emission intensity values and activity values.

When emissions are compared with non-dependent parameters, similari-
ties with regard to geography, climate, industry structure and level of
economic development may be necessary for obtaining comparable
emission density indicators (Fauser et al., 2007).

Data Storage [3.Completeness [DS.4.3.1  |Questionnaire to external experts: The
level 4 performance of the PMs that relate to com-
pleteness

This PM is checked when the sectoral reports are reviewed by external
experts. Please see the sectoral chapters for information on the review of
sectoral reports.

Data Storage [3.Completeness |DS.4.3.2  |National and international validation includ-
level 4 ing explanation of the discrepancies.

Refer to DS 4.2.1

Data Storage [3.Completeness |DS.4.3.3  |Check that no sources where a methodol-
level 4 ogy exists in the IPCC guidelines or good
practice guidance are reported as NE by
Greenland

A check is made to filter any NE’s from the CRF tables. If any green-
house gas emissions are reported as NE, it is checked whether method-
ologies exist in the IPCC guidelines or the IPCC good practice guidance.
If methodologies do exist efforts are made to quickly estimate and report
emissions.

Data Storage [4.Consistency [DS.4.4.1 [The inventory reporting must follow the
level 4 international guidelines suggested by
UNFCCC and IPCC.

The inventory reporting is in accordance with the UNFCCC guidelines
on reporting and review (UNFCCC, 2007). The present report includes
detailed and complete information on the inventories for all years from
the base year to the year of the current annual inventory submission, in
order to ensure the transparency of the inventory. The annual emission
inventory for Denmark is reported in the Common Reporting Format
(CRF) as requested in the reporting guidelines. The CRF-spreadsheets
contain data on emissions, activity data and implied emission factors for
each year. Emission trends are given for each greenhouse gas and for to-
tal greenhouse gas emissions in CO, equivalents. The complete sets of
CRF-files are available on the NERI homepage (www.dmu.dk).

Data Storage [4.Consistency [DS.4.4.2 [Check time-series consistency of the report-
level 4 ing of Greenland and the Faroe Islands prior
to aggregating the final submissions

The time-series for all pollutants in the submissions from Greenland and
the Faroe Islands are checked at the CRF 3 level for large variations in
the time-series. Any large variations are explained or corrected in coop-
eration with the authorities in Greenland and the Faroe Islands.



Data Storage [5.Correctness |DS.4.5.1 |Check that the aggregated submissions for
level 4 Denmark under the Kyoto Protocol and the
UNFCCC matches the sum of the individual
submissions

To ensure that the submission for Denmark under the Kyoto Protocol
matches the sum of the submissions of Denmark and Greenland a
spreadsheet check has been implemented to ensure complete correctness
of the submitted inventory. The same procedure is followed for the sub-
mission under the UNFCCC, where it is ensured that the submitted
emissions equate to the sum of Denmark, Greenland and the Faroe Is-
lands. Special attention is paid to the additional information provided in
the CREF, e.g. for the agricultural sector. Certain parameters can not sim-
ply be added, e.g. animal weights. In these cases a weighted average is
reported in the CRF tables.

Data Storage [7.Transparency |DS.4.7.1 |External review for evaluation of the com-
level 4 munication performance

The transparency of the CRF reporting is reviewed by experts when
UNFCCC performs annual review of the Danish GHG inventory.

Data Storage [7.Transparency |DS.4.7.2 |Perform QA on the documentation report
level 4 provided by the Government of Greenland

The documentation report is received by NERI from the Government of
Greenland in the early spring every year. The documentation report is
included in the NIR as Chapter 16. NERI experts read and provide com-
ments on the report to the Government of Greenland, so that any ques-
tions are resolved prior to the UNFCCC reporting deadline of April 15.

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

1.7.1 Tier 1 uncertainties

The uncertainty estimates are based on the Tier 1 methodology in the
IPCC Good Practice Guidance (GPG) (IPCC, 2000). Uncertainty estimates
for the following sectors are included in the current year: stationary
combustion plants, mobile combustion, fugitive emissions from fuels,
industry, solid waste and wastewater treatment, CO, from solvents, ag-
riculture and LULUCEF. The sources included in the uncertainty estimate
cover 100 % of the total net Danish greenhouse gas emissions and re-
movals.

The uncertainties for the activity rates and emission factors are shown in
Table 1.3.
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Table 1.3 Summary of base year and 2009 emissions in Gg CO»-eq and activity data and emission factor uncertainties. Calcu-
lated Tier 1 and Tier 2 uncertainties for each emission source are given as % of the total 2009 emission. The base year for F-
gases is 1995 and for all other sources the base year is 1990. Tier 2 uncertainty is not calculated for LULUCF.

Emission Tier 1

Base year Yeart Activity data factor Combined Tier 2

IPCC Source category Gas emission  emission uncertainty uncertainty uncertainty uncertainty
% of total % of total

Gg CO2eq Gg CO;eq % %  emissions emissions

Stationary Combustion, Coal CO, 23 834 15726 0.9 1.1 0.373 0.357
Stationary Combustion, BKB CO, 11 1 3 5 0.000108  0.000104
Stationary Combustion, Coke CO, 138 81 2.0 5 0.00730 0.00710
Stationary Combustion, Fossil waste CO, 394 1266 4.8 25 0.538 0.570
Stationary Combustion, Petroleum coke CO, 410 550 2.0 5 0.0494 0.0477
Stationary Combustion, Residual oil CO, 2440 1077 0.88 2 0.0393 0.0379
Stationary Combustion, Gas oil CO, 4547 1792 25 4 0.141 0.136
Stationary Combustion, Kerosene CO, 366 8 2.6 5 0.000742  0.000727
Stationary Combustion, LPG CO, 164 88 2.2 5 0.00801 0.00771
Stationary Combustion, Refinery gas CO, 816 876 1 2 0.0327 0.0736
Stationary Combustion, Natural gas CO, 4335 9380 1.0 0.4 0.170 0.163
Stationary Combustion, SOLID CH,4 13 4 0.97 100 0.00711 0.0102
Stationary Combustion, LIQUID CH, 3 1 1.1 100 0.00217 0.00325
Stationary Combustion, GAS CH,4 3 6 1 100 0.00994 0.0153
Natural gas fuelled engines, GAS CH, 1 192 1 2 0.00716 0.00695
Stationary Combustion, WASTE CH, 1 1 5 100 0.00233 0.00337
Stationary Combustion, BIOMASS CH, 105 148 20 100 0.252 0.358
Biogas fuelled engines, BIOMASS CH,4 0 28 3.7 10 0.00499 0.00498
Stationary Combustion, SOLID N.O 68 43 0.97 400 0.286 0.406
Stationary Combustion, LIQUID N.O 40 16 1.1 1000 0.263 0.339
Stationary Combustion, GAS N.O 16 41 1 750 0.510 0.689
Stationary Combustion, WASTE N-O 7 16 5 400 0.106 0.151
Stationary Combustion, BIOMASS N.O 38 81 2.2 1000 1.35 0.750
Transport, Road transport CO, 9282 12125 2 5 1.09 1.07
Transport, Military CO; 119 160 2 5 0.0144 0.0140
Transport, Railways CO, 297 230 2 5 0.0207 0.0201
Transport, Navigation (small boats) CO, 48 100 41 5 0.0689 0.0812
Transport, Navigation (large vessels) CO; 748 498 11 5 0.100 0.143
Transport, Fisheries CO; 591 557 2 5 0.0501 0.0486
Transport, Agriculture CO; 1272 1268 24 5 0.519 0.575
Transport, Forestry CO; 36 17 30 5 0.00868 0.00970
Transport, Industry (mobile) CO, 842 823 41 5 0.568 0.651
Transport, Residential CO, 39 63 35 5 0.0372 0.0422
Transport, Commercial/institutional CO, 74 174 35 5 0.103 0.115
Transport, Civil aviation CO, 243 156 10 5 0.0290 0.0287
Transport, Road transport CH, 53 15 2 40 0.00100 0.0115
Transport, Military CH, 0 0 2 100 0.000185  0.000277
Transport, Railways CH, 0 0 2 100 0.000234  0.000351
Transport, Navigation (small boats) CH, 0 1 41 100 0.000923 0.00146
Transport, Navigation (large vessels) CH, 0 0 11 100 0.000386  0.000441
Transport, Fisheries CH,4 0 0 2 100 0.000475  0.000704
Transport, Agriculture CH4 2 2 24 100 0.00350 0.00511
Transport, Forestry CH,4 0 0 30 100 0.000136  0.000207
Transport, Industry (mobile) CH, 1 1 41 100 0.00114 0.00171
Transport, Residential CH, 1 1 35 100 0.00244 0.00380
Transport, Commercial/institutional CH, 2 4 35 100 0.00622 0.00948
Transport, Civil aviation CH, 0 0 10 100 0.000343  0.000497
Transport, Road transport N.O 93 119 2 50 0.0996 0.122
Transport, Military N.O 1 2 2 1000 0.0285 0.0452
Transport, Railways N.O 3 2 2 1000 0.0329 0.0474
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Transport, Navigation (small boats) N>O 0 1 41 1000 0.0180 0.0265
Transport, Navigation (large vessels) N-O 15 10 11 1000 0.163 0.194
Transport, Fisheries N.O 11 11 2 1000 0.182 0.240
Transport, Agriculture N2O 15 17 24 1000 0.278 0.406
Transport, Forestry N.O 0 0 30 1000 0.00281 0.00414
Transport, Industry (mobile) N.O 11 11 41 1000 0.181 0.251
Transport, Residential N>O 0 0 35 1000 0.00558 0.00845
Transport, Commercial/institutional N>O 0 1 35 1000 0.0138 0.0182
Transport, Civil aviation N,O 3 3 10 1000 0.0419 0.0608
1.B.2. Flaring in refinery CO; 24 17 11 5 0.00341 0.00314
1.B.2. Flaring off-shore CO. 276 241 7.5 5 0.0363 0.0313
1.B.2. Flaring in refinery CH, 1 0 11 15 3.52E-05  3.69E-05
1.B.2. Flaring off-shore CH,4 0 1 7.5 5  0.000171 0.00384
1.B.2. Refinery processes CH,4 1 45 1 125 0.0937 0.148
1.B.2. Land based activities CH,4 17 29 2 40 0.0195 0.0224
1.B.2. Off-shore activities CH,4 15 37 2 30 0.0187 0.0209
1.B.2. Transmission of natural gas CH, 4 0 15 5 5.1E-05  4.93E-05
1.B.2. Distribution of natural gas CH, 5 3 25 10 0.00127 0.00727
1.B.2 Venting in gas storage CH4 0 1 15 5 0.000294  0.000284
1.B.2. Flaring in refinery N2O 0 0 11 500 0.000363 0.000975
1.B.2. Flaring off-shore N-O 1 1 7.5 500 0.0047 0.0121
2A1 Cement production CO, 882 764 1 0.0286 0.0277
2A2 Lime production CO; 116 43 5 5 0.00511 0.00508
2A3 Limestone and dolomite use CO, 14 38 5 5 0.00448 0.00432
2A5 Asphalt roofing CO, 0 0 5 25 6.61E-06  6.92E-06
2A6 Road paving with asphalt CO» 2 2 5 25 0.0007  0.000759
2A7 Glass and Glass wool CO; 55 34 5 2 0.00303  0.000945
2B5 Catalysts/Fertilizers, Pesticides and Sul-

phuric acid CO, 1 2 5 5 0.000251 0.000247
2C1 Iron and steel production CO; 28 0 5 5 0 0
2D2 Food and Drink CO. 4 2 5 5 0.000227 0.000214
2G Lubricants CO. 50 31 2 5 0.00281 0.00273
2B2 Nitric acid production N.O 1043 0 2 25 0 0
2F Consumption of HFC HFC 218 799 10 50 0.680 0.810
2F Consumption of PFC PFC 1 14 10 50 0.0121 0.0144
2F Consumption of SF6 SFe 107 37 10 50 0.0312 0.0375
3A Paint application CO, 26 9 10 15 0.00260 0.00270
3B Degreasing and dry cleaning CO: 0 0 10 15 21E-09 2.21E-09
3C Chemical products, manufacturing and

processing CO; 23 12 10 15 0.00368 0.00380
3D5 Other CO, 86 44 10 20 0.0163 0.0170
3D5 Consumption of fireworks C0O2 0 0 8 300 0.00117 0.00113
3D5 Consumption of fireworks CH,4 0 0 8 300 0 0.000444
3D1 Other - Use of N20 for Anaesthesia N2O 0 34 5 5 0.00399 0.00385
3D5 Consumption of fireworks N,O 1 3 8 300 0.0162 0.0151
4A Enteric Fermentation CH,4 3249 2859 2 20 0.960 0.995
4B Manure Management CH, 976 1228 5 20 0.423 0.457
4F Field burning af agricultural residues CH, 2 3 25 50 0.00268 0.000154
4.B Manure Management N>O 604 426 22 50 0.390 0.483
4.D1.1 Syntehetic Fertilizer N.O 2395 1196 25 100 2.06 3.15
4.D1.2 Animal waste applied to soils N.O 1097 1163 30 100 2.03 3.10
4.D1.3 N-fixing crops N2O 269 248 20 100 0.422 0.614
4.D1.4 Crop Residue N2O 361 312 20 100 0.531 0.812
4.D1.5 Cultivation of histosols N.O 171 164 20 100 0.279 0.418
4.D.2 Grassing animals N>O 311 213 25 100 0.367 0.554
4.D3 Atmospheric deposition N,O 465 296 19 100 0.503 0.754
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4.D3 Leaching N.O 2455 1416 20 100 2.41 3.60
4.D1.6 Sewage sludge and Industrial waste

used as fertiliser N.O 28 81 20 100 0.138 0.202
4.F Field Burning of Agricultural Residues N,O 1 1 25 50 0.00103 0.00125
5.A.1 Broadleaves CO; -659 -1012 15 50 -0.882

5.A.1 Conifers CO; -66 -1579 15 50 -1.38

5.A.2 Broadleaves CO, 3 -78 15 50 -0.0684

5.A.2 Conifers CO, 7 -67 15 50 -0.0584

511D Forest Land. N.O 16 12 30 75 0.0162

5.B Cropland, Living biomass CO; 174 76 10 50 0.0645

5.B Cropland, Dead organic matter CO; 6 1 10 50 0.00111

5.B Cropland, Mineral soils CO; 1054 -198 10 75 -0.250

5.B Cropland, Organic soils CO; 1343 1282 10 90 1.94

5.B Disturbance, Land converted to cropland N.O 3 0 50 75 0.000619

5.C Grassland, Living biomass CO, 304 35 10 50 0.0297

5.C Grassland, Dead organic matter CO, 32 3 10 50 0.00222

5.C Grassland, Mineral soils CO, 1 24 10 75 0.0308

5.C Grassland, Organic soils CO, 137 137 10 90 0.208

5.D Wetlands, Living biomass CO, 0 -1 10 50 -0.00965

5.D Wetlands, Dead organic matter CO, 0 0 10 100 0.000182

5.D Wetlands, Soils CO, 86 16 10 100 0.0272

511D Wetlands. Peatland N.O 0 0 10 100 0.000227

5.E Settlements, Living biomass CO. 90 55 10 50 0.0466

51V Cropland Limestone CO, 623 186 0 0 0

6 A. Solid Waste Disposal on Land CH,4 1111 1039 10 118 2.05 1.89
6 B. Wastewater Handling CH,4 66 75 44 78 0.112 0.0772
5 B. Wastewater Handling - Direct N>O 27 47 37 98 0.0829 0.0173
6 B. Wastewater Handling - Indirect N-O 82 34 59 39 0.0396 0.0151
6.D Accidental fires, buildings CO, 15 18 10 500 0.147 0.134
6.D Accidental fires, vehicles CO, 7 10 10 500 0.0839 0.0760
6.C Incineration of corpses CH,4 0 0 1 150 2.62E-05 2.45E-05
6.C Incineration of carcasses CH,4 0 0 40 150 1.32E-05  1.30E-05
6.D Compost production CH, 27 78 40 100 0.140 0.144
6.D Accidental fires, buildings CH,4 2 3 10 700 0.0332 0.0295
6.D Accidental fires, vehicles CH,4 0 0 10 700 0.00514 0.00508
6.C Incineration of corpses NoO 0 0 1 150 0.000484  0.000455
6.C Incineration of carcasses N>O 0 0 40 150 0.000243  0.000245
6.D Compost production N>O 11 40 40 100 0.0728 0.0730
6.D Accidental fires, buildings N2O 0 0 0 0 0 0
6.D Accidental fires, vehicles N,O 0 0 0 0 0 0

1.7.2 Results of the tier 1 uncertainty estimation

The estimated uncertainties for total GHG and for CO,, CH4, N2O and F-
gases are shown in Table 1.4. The base year for F-gases is 1995 and for all
other sources the base year is 1990. The total Danish net GHG emission is
estimated with an uncertainty of +5.7 % and the trend in net GHG emis-
sion since 1990 has been estimated to be -16.2 % + 3.0 %-age points. The
GHG uncertainty estimates do not take into account the uncertainty of

the GWP factors.

The uncertainty on CHy emission from solid waste disposal, N2O emis-
sion from leaching and run-off and N>O emission from synthetic fertil-
iser are the largest sources of uncertainty for the Danish GHG inventory.
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The uncertainty of the GHG emission from combustion (sector 1A) is 2.7
% and the trend uncertainty is -7.5 % +2.0 %-age points.

Table 1.4 Uncertainties 1990-2009.

Uncertainty Trend Uncertainty in trend
[%] [9%] [%-age points]
GHG 5.7 -16.2 +3.0
CO: 3.8 -15.5 +2.7
CH. 24 25 +4.8
N2O 42 -37 +12
F-gases 48 +161 +62

1.7.3 Tier 2 uncertainties

On the recommendation of recent ERTs Denmark has undertaken a tier 2
uncertainty analysis. Please see the sectoral chapters for the sectoral re-
sults of the tier 2 uncertainty analysis. Below is a description on the theo-
retical basis for the tier 2 uncertainty calculations. For the overall result
please refer to Chapter 1.7.4.

When to use Tier 2

When the activity data and emission factors cannot fulfil the criteria for
using the error propagation equations in Tier 1 an alternative stochastic
simulation, i.e. Monte Carlo method, can be employed. The Monte Carlo
method constitutes Tier 2 and Approach 2 in IPCC (2000 and 2006) and is
suitable for estimating uncertainty in emission rates, from uncertainties
in activity data and emission factors, when:

e Uncertainties are large.

e Their distribution are non-normal.

e The algorithms are complex function and not only simple multiplica-
tion of activity data with emission factors.

e Correlations occur between some of the activi.ty data sets, emission
factors, or both.

Uncertainties found in inventory source categories can vary widely from
a few percent to orders of magnitude. When using a normal distribution
for a parameter with large uncertainty there is a risk of having a certain
probability for negative values, which is not possible in reality. Further-
more large uncertainty gives a certain probability of having extremely
large values, i.e. values orders of magnitude larger than the mean value.
Extreme values are an often occurring quality for the distribution of real-
istic activity data and emission factors. However, in some cases the ex-
treme values are unrealistic and here the method allows for upper and
lower truncation of input parameters. This implies applying a lower
and/or upper boundary for the distribution function of input parame-
ters. A logarithmic plot of data with large uncertainties will transform a
skewed distribution probability function (a) into a bell-shaped log-
normal distribution function (b), cf. Figure 1.5. The latter can be defined
by a mean value, o, and standard deviation, &, respectively. The log-
normal distribution is selected as standard in the first version of the Tier
2 and Approach 2 uncertainty assessment for year 2009. A further feature
of applying truncation boundaries is that a probability distribution will
converge towards a box distribution when narrowing the truncation in-
terval.
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Figure 1.5 Log-normal distribution (logso), both on original (a) and log scale (b). The median ( & *) is 100 and

the multiple standard deviation (o) is 2. The resulting median (equal mean) and the standard deviation in the
logio distribution is respectively & =10g10(100) = 2 and ¢ = log1o(2) = 0.301 (Limbert et al., 2001).

In case the uncertainty is much smaller than the mean value then the
normal and log-normal distributions will not differ much, cf. Figure 1.6,
where the relationship between normal and log-normal distributions are
illustrated (Limbert et al., 2001).

o
S — ---- 12
<1 g 15
— 2.0
I S e S Bt 4.0
i‘_ ----- 8.0
= HA
G s
j I .
q} T—
o4 *«\
o '3
E f\'_
s f
I !l
l;
k
" -
o b SEF——
| | | | | |

0 50 100 150 200 250

Figure 1.6 Comparison between the normal distribution (green area, median 100, standard deviation 20)
the different degrees of variability (described by o’) for log-normal distributions that all have the same me-
dian value, i.e. & on original scale, of 100 (Limbert et al., 2001).

The difference in shape between a normal and log-normal distribution is
seen in Figure 1.6 for different values of o". The standard deviation for
the normal distribution is 20 and thus equal to 20 % of the mean value
and the log-normal distribution having a 0" value of 1.2 reflects the same
level of “deviation” as in the normal distribution. So, the discrepancy be-
tween the green area and the curve for 0°=1.2 illustrates the difference in
interpretation of a 20 % deviation as measured by respectively the nor-
mal and log-normal distribution. This discrepancy is so limited that it is
overruled by the vagueness related to empirical quantification of the un-
certainty level based on expert knowledge and data and the fact that any
assumed distribution function is an approximation. Therefore, by using



log-normal distributions as standard description of all uncertainty input
it will in reality include normal distributions when the magnitude of un-
certainty is limited to a minor fraction of the mean value.

A way of calculating the intervals of confidence, expressed by the me-
dian (& *) and standard deviation (0%), for a log-normal distribution on
original scale, cf. Figure 1a, is presented in Limbert et al. (2001). For
normally distributed data, the interval [median + standard deviation]
covers a probability of 68.3 %, while [median + 2*standard deviation]
covers 95.5 %. Correspondingly for log normal data on original scale, cf.
Figure 1a, the interval [@* / 0", " * 0] covers 68.3 % and the interval
[a™/ (02 o *(0%)?] covers 95.5 %.

Often the default uncertainty values in IPCC (2000) e.g. for emission fac-
tors, are expressed as a percentage, e.g. 30 %. When this represents a
standard deviation (68.3 %) on original scale we will proceed using o* =
1.3 in the uncertainty analysis. When it represents a 95 % interval of con-
tidence, we will use 0" = (1.3)"0.5 = 1.14 in the uncertainty analysis.
When the 95 % interval of confidence on original scale is below ap-
proximately 300 % the standard deviation for a log-normal distribution
on original scale, can be approximated by dividing with a factor of 2, i.e.
0.3/2 =0.15, and thus 0" = 1.15.

Procedure of Tier 2 (Monte Carlo method)
The procedure of the Tier 2 (MC) analysis consists of four steps where
only Step 1 requires effort from the user:

e Step 1: Estimation of activity data and emission factors, their associ-
ated mean values, uncertainties such as standard deviation, probabil-
ity density functions and any correlations.

e Step 2: Selection of random values of activity data and emission fac-
tors.

e Step 3: Calculate emissions from selected random values.

e Step 4: The calculated result in step 3 is stored and the process is re-
peated from step 2.

Repetition of steps 2 and 3 are continued until the calculated mean value
and error intervals are sufficiently determined (typically 10,000 times).
Each single repetition is denoted a “single sample” in the following and
one execution of steps 2 and 3 is denoted a “MC sample”.

The software is developed in excel VBA programming by a scientist as-
sociated with the sector experts, which enables a transparent and accu-
rate transfer and interpretation of emission factors and activity data (in-
put) and calculated emissions with uncertainties (output).

Different criteria and guidelines for estimation of value uncertainty for
activity data and emission factors are outlined in the next section.
Whether they are based on information from models, empirical data or
expert judgement, they form lines of evidence towards the most appro-
priate estimate. The basic paradigm for a MC analysis is outlined in Fig-
ure 1.7.
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Figure 1.7 Methodological principle in compiling and quantifying input data for input parameters, e.g. emission factors,

which are to be used in Tier 2 (MC) uncertainty analysis. Each evidence is formed from assessment of information from
models, empirical data or expert judgement. The upper dotted box represents step 1 in the MC analysis, which is per-
formed for each input parameter. The lower dotted box represents steps 2 to 4, and is performed in the emission modelling
with all input parameters.

The principle of the MC method is to generate many “possible” calcula-
tions and thus map the resulting “possible” results. The possible calcula-
tions are made based on the “realistic” variability (uncertainty) related to
the input parameter values. This variability needs to be described as a
distribution function. The MC method is considered in two parts: (1) A
distribution estimation part, where the variabilities of the input parame-
ters are parameterised; (2) A technical part that makes the simulation
based on the estimated distributions. The first part is highly critical and
requires high attention. The second part is a question of programming
and therefore mostly a technical issue. The MC method is a model for
how uncertainty of input parameters influences the calculation results,
so the MC also involves uncertainty in the prediction of uncertainty. It is
therefore important to predict the variability of the input parameters as
correctly as possible. The MC method does not include the validity of the
calculations as estimators of reality but only the uncertainty of the input
parameter values. Consequently, there are many fundamental types of
uncertainty that are not included in the MC method.

The method is based on single samples, where the mean is unity and
where the variability is determined by the uncertainty of the parameter
as discussed above, see Figure 1.8. This sampled value is subsequently
multiplied with the best estimate of the parameter value to yield a sam-
pled value for this parameter. The reason for this two stage sampling is
that it makes it possible directly to include correlation in uncertainty be-
tween years as explained below.
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Figure 1.8 The principle in a single MC draw of the value x4 where the median (@ ) is unity
and where the standard deviation (o) determines the variation around 1.

Correlation in the uncertainty may occur between years, e.g. when the
same sources are responsible for uncertainties in several years. This takes
place because many sources of uncertainty are dependent between years,
so if a parameter is over-estimated for one year then this parameter may
also tend to be overestimated other years. This implies that when the un-
certainty is high one year the uncertainty will also be high the other
year(s). The principle of performing a MC analysis with an emission fac-
tor and activity data that have uncertainties that are correlated between
one or more years is illustrated in Figure 1.9.

The principle in Figure 1.9 is to sample a value (x) as shown in Figure 4,
where the median value is unity and subsequently multiply the sampled
value with the estimated median value (e.g. ADs;=AD;i-x). This two-step
approach makes is possible to include correlating uncertainty between
different years. If two years are correlated then a deviation from the es-
timated mean value is assumed to be the same in relative terms for the
two years. By sampling, using the median of unity once, and subse-
quently use this value to estimate the value for the two years, using the
two medians for each year, this will yield the correlation between the
two years as a simple consequence and thereby be directly simulated in
the MC sampling.

The MC sampling is illustrated in Figure 1.9 for a single source, where s
is the sampling number index, counting up to e.g. 10,000. In Figure 5
there will be a strong correlation between year 2 and 3, because both the
uncertainty of EF and AD is correlated, for year 1 there will be a partial
correlation with respectively year 2 and 3 because the uncertainty of the
EF value is correlated, but the uncertainty is independent for AD. Year 4
is completely independent of the other years. The figure is only illustrat-
ing a single source and typically the emission estimates includes several
sources each having some more or less correlated uncertainty. The final
emission estimates are thus more or less correlated between years in a
highly complex way.
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Performing MC analysis for correlated parameters corresponds to the
calculation scheme for MC analysis of emissions and the trend of a cate-
gory as shown in Appendix A (IPCC, 2006) (Figure 3.7 pp. 3.36). The
scheme shows calculations for correlated and non-correlated parameters.
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Figure 1.9 The principle of a MC sample for draws of random numbers and generation of any
emission factor and activity data for a four year period. The upper half illustrates the sampling of any
emission factor for year 1 to year 4. The uncertainty associated to the emission factor is correlated
for year 1, 2 and 3 and therefore the same random number is used for generating EF1, EF2 and
EF3. The lower half illustrates the sampling of activity data. The uncertainty associated to the activity
data is correlated for year 2 and 3 and therefore the same random number is used for generating
AC2 and ACS3. In the middle row the emission factor and activity data are multiplied for each year.
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In some cases there exist additional a priori information about categories
of activity data, where the total sum is know with high certainty, but
where the sub categories are more uncertain. In this case the single sam-
ples within one year are adjusted so all sub sources together adds up to
the correct total number and the single sampling in this case will de-
scribe the uncertainty between the single categories.



MC analyses for emissions

When a 95% confidence interval has been entered as percentages of me-
dian values of the input parameters, i.e. emission factors and activity
data, for source categories and sub-categories, the above MC procedure
is executed 10,000 times. The output of the MC analysis is reported as in
Table 1.5 where the median emissions are shown together with the 95%
confidence interval (2.5% - 97.5%).

Two basic questions are important to answer: (1) What is the uncertainty
for a time trend estimate; (2) What is the uncertainty within the same
year of the single sub-categories, source categories and the total estimate.
The first question takes correlation of uncertainty between years into ac-
count and the second question considers one year at a time and correla-
tion between years is not relevant.

In the ideal case it will be possible to answer the two questions based on
the same MC samples, where every single sample is stored for every
source and for every year. However, this is not possible in the VBA pro-
gramming due to limitations in variable table on a normal pc. Thus two
MC samplings take place: (1) The total emission is calculated for every
year and every MC sample, so for 10,000 MC samples and 20 years, this
needs storage of 200,000 numbers; (2) Every year is analysed separately
where only results for one year is stored at a time, so for 10,000 MC sam-
ples and 50 sources this yields 500,000 numbers to be stored. Using this
two-stage approach it is easily possible to run the MC analysis in Excel.
Consequently, the exact value for the median analysed for a specific year
(question 2 above) is not similar with the medians in the time trend
analysis (question 1 above) due to a finite number of MC samples, but
this is not a real problem. If this discrepancy is considered as critical then
it simply tells that the number of MC samples should be increased and
that the analysis thus has to be redone.

Table 1.5 Example of output scheme for tier 2 MC uncertainty analysis. Median emissions and 95 % confidence
intervals are calculated for total emission, emissions for source categories and emissions for sub-categories. Calcu-
lated 95% confidence intervals are furthermore calculated for activity data and emission factors.

Source Sub-

category categories Activity EF Emissions
<2.5% >97.5% Interval | <2.5% >97.5% Interval | Median <2.5% > 97.5% Interval

all all - - - -

A all - - -

B all - - -

C all - - -

A 1

A 2

A 3

B 1

B 2

C 1

C 2

C 3

C 4

Results for each row can also be reported as:
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Median emission [- (median - <2.5%)/median/100%, + (>97.5% -
median)/median/100%]

MC trend analysis

The trend analysis is performed by comparing emissions two years at a
time. The probability for Year 1 to be above Year 2 is calculated using the
equation:

P _ N yearl>year? - N year2>yearl
Y

earl>Year2 — ’
N +N

yearl>year?2 year2>yearl

where Nyeur1syear 2 is the number of MC samples where year 1 is estimated
to have higher emission than year 2, while Nyursyearz is the reverse,
where year 2 is estimated to have higher emission compared to year 1. In

case of P

earisyearz = 1t 18 strongly significant to conclude that year 1 has

higher emission than year 2, and reverse (significant that year 2 > year 1)
for P,

yearl>year2

be filled in to a matrix, where all years are compared with all other years.

=~ —1. This is a comparison between years in pairs that can

Table 1.6 Comparison of emissions between years in
trend analysis.

year 1 year 2 year 3 year 4
year 1 0
year 2 0
year 3 0
year 4 0

Results for trend analysis of emissions between two years, year 1 and
year 2, can be reported as median difference, <2.5% and >97.5%, or as:

Median difference [- (median difference - <2.5%)/median differ-
ence/100%, + (>97.5% - median difference)/median difference/100%]

Quantifying uncertainties in Tier 2

In order to perform the four steps of a Tier 2 (MC) uncertainty analysis
as described in the previous paragraph the user has to gather the infor-
mation stated in step 1. It is essential to establish the best possible esti-
mate, and the following guide sets up a procedure for assessing, quanti-
fying and compiling uncertainties for the parameters that are entered in
the emission models. The guide is based on IPCC guidelines (IPCC, 2000
& 2006) and NUSAP and expert elicitation in van der Sluijs et al. (2004).

The uncertainty of a parameter, e.g. activity data and emission factor, is
considered to be proportional to the associated parameter. This means
that the uncertainty is expressed as a percentage of the parameter value.
The median value is used and the uncertainties represent the parameter
standard deviation, o". We assume log-normal distributions, which
equals normal distributions at low uncertainty values. Although van der
Sluijs et al. (2004) suggest different probability distribution functions de-
pending on the level of knowledge on input parameters we will use log-
normal distributions for all parameters, as argued in the previous sectio.

The methodology offers a possibility for correlating the uncertainties of
two or more parameters. When uncertainties of two or more parameters



are assumed to be correlated they will be attributed the same random
number in any MC sample, as explained in the previous paragraph.

Uncertainties will be reported according to the IPCC General Reporting
Table for Uncertainty. Uncertainties will be reported for:

e Total uncertainty of the entire sector

e Key source categories

o Aggregated CRF levels

e Most differentiated CRF category levels that are entered by the user

IPCC guideline - Sources of data

Quantifying uncertainties is dependent on the source of data, and in
general there are three broad sources of data and information (IPCC,
2000 & 2006):

Information contained in models

A model is a representation of the real world and does therefore not ex-
actly mimic real-world systems. The structure of a model is often
thought of in terms of the equations used. The key considerations in
model uncertainty are; has the correct, most relevant real-world system
been identified and are the model equations accurate representations of
the chosen system. Typically the model equations are the product of ac-
tivity data and emission factors, cf. Eq 1, but there may also be more
complex model equations for emissions and also for derivation of activ-
ity data and emission factors.

In some cases, model uncertainty can be significant. It is typically poorly
characterised and may not be characterised at all. The inventory expert
must consider the parameters that are used and assess if there are model
assumptions that are imprecise or inaccurate. For the most critical mod-
els an effort can be made to evaluate and quantify the size of the poten-
tial error that occurs from using the model. There are at least three ap-
proaches for estimating the model uncertainty: 1) comparison of a model
result with independent data, 2) comparison of a model result with the
result of alternative models, and 3) expert judgement regarding the
magnitude of the model uncertainty. These approaches can be used in
combination.

Empirical data for sources and sinks and activity

This implies empirical data associated with measurements of emissions,
emission factors and activity data from surveys and censuses. When es-
timating uncertainty from measured emissions data, considerations in-
clude; Representativeness of the data and potential for bias, precision
and accuracy of the measurements, sample size and inter-individual
variability in measurements and their implications for uncertainty in
mean annual emissions, inter-annual variability in emissions and
whether estimates are based on an average of several years or on the ba-
sis of a particular year.

Quantification of uncertainties and defining the probability distribution
function (PDF) for empirical data can be summarised as follows: 1)
Compilation of activity data, emission factors and other parameters.
These data typically represent variability, 2) Visualisation of data by
plotting empirical distribution functions for each parameter; horizontally
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according to numerical value or interval and vertically by frequency, 3)
Fitting, evaluation and selection of PDFs for representing variability of
data, 4) Characterisation of mean value and of uncertainty in the mean of
the distributions for variability. If the standard error of the mean is
small, a normality assumption can be made regardless of the sample size
or skewness of data. If the standard error of the mean is large, then typi-
cally a log-normality assumption can be made, 5) Once mean values, un-
certainties and standard errors have been specified, these can be used as
input to Tier 2 MC analysis for estimating uncertainties in total emis-
sions, 6) Sensitivity analysis can be used to determine which parameters
induce highest uncertainties in the total uncertainty, and prioritise efforts
to develop good estimates of these key uncertainties.

Expert judgement as a source of information

In many situations, relevant empirical data are not available for activity
data, emission factors etc. to an inventory. In such situations, a practical
solution is to obtain well informed judgements from domain experts re-
garding best estimates and uncertainties of input data.

Commonly used methods for converting an expert’s judgement regard-
ing uncertainty into a quantitative PDF are: 1) Fixed value; Estimate the
probability of being higher (or lower) than an arbitrary value and repeat,
three or five times. For example, what is the probability that an emission
factor would be less than 100? 2) Fixed probability; Estimate the value
associated with a specified probability of being higher (or lower). For ex-
ample, what is the emission factor such that there is only a 2.5% prob-
ability that the emission factor could be lower (or higher) than that value,
3) Interval methods; For example, choose a value of the emission factor
such that it is equally likely that the true emission factor would be higher
or lower than that value. This yields the median. Then divide the lower
range into two bins such that there is assumed to be equally likely (25%
probability) that the emission factor could be in either bin. Repeat this
for the other end of the distribution. Finally, either fixed probability or
fixed value methods could be used to get judgements for extreme values,
4) Graphing; the expert draws a distribution. This should be used cau-
tiously because some experts are overconfident about their knowledge of
PDFs.

Sometimes the only available expert judgement consists of a range,
maybe quoted together with a most likely value. Under these circum-
stances the following rules are considered good practice: Where experts
only provide an upper and a lower value, assume that the PDF is uni-
form and that the range corresponds to the 95 percent confidence inter-
val. Where experts also provide a most likely value (point estimate), as-
sume a triangular PDF using the most likely values as the mode and as-
sume that the upper and lower values each exclude 2.5% of the popula-
tion. The distribution needs not to be symmetrical. Normal or log-normal
distributions can be used given appropriate justifications.

Concluding remarks and planned improvements

Tier 2 uncertainties are found to be greater than Tier 1 uncertainties.
When large input uncertainties, e.g. > 10%, are used, the deviation be-
comes pronounced. For smaller input uncertainties, e.g. < 1%, tierl ap-
proximates Tier 2 calculations.



The Log-normal distribution was selected due the likely conditions for
the distribution as being close to a normal distribution for smaller uncer-
tainties on one hand and close to the understanding of larger uncertain-
ties on the other hand. However, in case of larger uncertainty the out-
come of the MC analysis includes rather extreme values that in some
cases are unrealistic. The method therefore allows for truncation of input
uncertainties, either a lower boundary, upper boundary or both, depend-
ing of which truncation is most realistic.

1.7.4 Results of the tier 2 uncertainty estimation

Tier 2 uncertainty results for sectors and categories are shown in Table
1.3. The input uncertainties for activity data and emission factors stated
in Table 1.3 are used both in Tier 1 and Tier 2 uncertainty calculations.
The total Danish net GHG emission for 2009 is estimated with an uncer-
tainty of +5.4 % and -4.2 and the trend in net GHG emission since 1990 is
estimated to be -10.4 % (+9.4 and -8.3 %-age points).

Tier 2 uncertainties are typically larger than tier 1 uncertainties when in-
put uncertainties are larger than approximately 25%, which corresponds
to the model domain of Tier 1 method. This implies that the Tier 2
method is more reliable for large input uncertainties.

1.8 General assessment of the completeness

The present Danish greenhouse gas emission inventory includes all ma-
jor sources identified by the Revised IPPC Guidelines. Please see Annex
5 for detailed discussion on minor sources that are not included.
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2 Trends in Greenhouse Gas Emissions

The trends presented in this Chapter cover the emissions from Denmark.
Due to the small emissions originating from Greenland the trends are
very similar in fact close to identical. A trend discussion of the aggre-
gated greenhouse gas emissions from Denmark and Greenland is in-
cluded in Chapter 17.1.

2.1 Description and interpretation of emission trends for
aggregated greenhouse gas emissions

Greenhouse Gas Emissions

The greenhouse gas emissions are estimated according to the IPCC
guidelines and are aggregated into seven main sectors. The greenhouse
gases include CO,, CHs, N>O, HFCs, PFCs and SF. Figure 2.1 shows the
estimated total greenhouse gas emissions in CO» equivalents from 1990
to 2009. The emissions are not corrected for electricity trade or tempera-
ture variations. CO; is the most important greenhouse gas contributing
in 2009 to National total in CO; equivalents excluding LULUCF (Land
Use and Land Use Change and Forestry) with 78.8 % followed by N>O
with 10.1 %, CHy 9.7 % and F-gases (HFCs, PFCs and SFs) with 1.4 %.
Seen over the time-series from 1990 to 2009 these percentages have been
increasing for F-gases, almost constant for CO, and CHs and falling for
NO. Stationary combustion plants, transport and agriculture represent
the largest categories, followed by Industrial processes, Waste and Sol-
vents, see Figure 2.1. The net CO; uptake by LULUCF in 2009 is 1.8 % of
the total emission in CO; equivalents excl. LULUCEF. The national total
greenhouse gas emission in CO; equivalents excluding LULUCF has de-
creased by 10.3 % from 1990 to 2009 and decreased 15.9 % including LU-
LUCE. Comments on the overall trends etc seen in Figure 2.1 are given in
the sections below on the individual greenhouse gases.
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Figure 2.1 Greenhouse gas emissions in CO; equivalents distributed on main sectors for 2009 (excluding LULUCF) and time-
series for 1990 to 2009 (including LULUCF).
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2.2 Description and interpretation of emission trends by
gas

2.2.1 Carbon dioxide

The largest source to the emission of CO; is the energy sector, which in-
cludes combustion of fossil fuels like 0il, coal and natural gas (Figure
2.2). Energy Industries contribute with 49 % of the emissions (excl. LU-
LUCEF). About 27 % come from the transport sector. The CO; emission
(excl. LULUCEF) decreased by 4.6 % from 2008 to 2009. The main reason
for this decrease was the financial crises causing reduction in especially
manufacturing industries and cement production. In 2009, the actual
CO; emission (incl. LULUCF) was 15.5 % less than the emission in 1990.
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2.2.2 Nitrous oxide

Agriculture is the most important N>O emission source in 2009 contrib-
uting 91.2 % (Figure 2.3) of which N>O from agricultural soils accounts
for 92.3 %. N2O is emitted as a result of microbial processes in the soil.
Substantial emissions also come from drainage water and coastal waters
where nitrogen is converted to N>O through bacterial processes. How-
ever, the nitrogen converted in these processes originates mainly from
the agricultural use of manure and nitrogen fertilisers. The main reason
for the drop in the emissions of N>O in the agricultural sector of 32.4 %
from 1990 to 2009 is legislation to improve the utilisation of nitrogen in
manure. The legislation has resulted in less nitrogen excreted pr unit of
livestock produced and a considerable reduction in the use of nitrogen
tertilisers. The basis for the N2O emission is then reduced. Combustion
of fossil fuels in the energy sector, both stationary and mobile sources,
contributes 6.2 %. The N>O emission from transport contributes by 2.2 %
in 2009. This emission has increased during the nineties because of the
increase in the use of catalyst cars. Production of nitric acid stopped in
2004 and the emissions from industrial processes is therefore not occur-
ring from 2005 onwards. The sector Solvent and Other Product Use cov-
ers N2O from e.g. anaesthesia.
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2.2.3 Methane

The largest sources of anthropogenic CH4 emissions are agricultural ac-
tivities contributing in 2009 with 70.4 %, waste (20.6 %), public power
and district heating plants (3.2 %), see Figure 2.4. The emission from ag-
riculture derives from enteric fermentation and management of animal
manure contributing with 49.2 % and 21.2 % of the national CH, emis-
sion excl LULUCEF in 2009. The CH4 emission from public power and dis-
trict heating plants increased in the nineties, mainly 1992-1996, due to the
increasing use of gas engines in the decentralised cogeneration plant sec-
tor. Up to 3 % of the natural gas in the gas engines is not combusted. The
deregulation of the electricity market has made production of electricity
in gas engines less favourable, therefore the fuel consumption has de-
creased and hence the CH4 emission has decreased. Over the time-series
from 1990 to 2009, the emission of CHy from enteric fermentation has de-
creased 12.0 % due to the decrease in the number of cattle. However, the
emission from manure management has in the same period increased
25.8 % due to a change in traditional stable systems towards an increase
in slurry-based stable systems. Altogether, the emission of CH4 from the
agriculture sector has decreased by 3.3 % from 1990 to 2009. The emis-
sion of CH4 from solid waste disposal has decreased 6.4 % since 1990 due
to an increase in the incineration of waste.
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Figure 2.4 CH,4 emissions. Distribution according to the main sectors (2009) and time-series for 1990 to 2009.



2.2.4 HFCs, PFCs and SF¢

This part of the Danish inventory only comprises a full data set for all
substances from 1995. From 1995 to 2000, there has been a continuous
and substantial increase in the contribution from the range of F-gases as
a whole, calculated as the sum of emissions in CO; equivalents, see Fig-
ure 2.5. This increase is simultaneous with the increase in the emission of
HFCs. For the time-series 2000-2009, the increase is lower than for the
years 1995 to 2000. The increase from 1995 to 2009 for the total F-gas
emission is 161 %. SFs contributed considerably to the F-gas sum in ear-
lier years, with 33 % in 1995. Environmental awareness and regulation of
this gas under Danish law has reduced its use in industry, see Figure 2.5.
A further result is that the contribution of SF¢ to F-gases in 2009 was only
4.3 %. The use of HFCs has increased several folds. HFCs have, therefore,
become the even more dominant F-gases, comprising 66.9 % in 1995, but
94.0 % in 2009. HFCs are mainly used as a refrigerant. Danish legislation
regulates the use of F-gases, e.g. since January 1, 2007 new HFC-based
refrigerant stationary systems are forbidden. Refill of old systems are
still allowed. The use of air conditioning in mobile systems and the
amount of HFC for this purpose increases.
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Figure 2.5 F-gas emissions. Time-series for 1990 to 2009.

2.3 Description and interpretation of emission trends by
source

2.3.1 Energy

The emission of CO; from Energy Industries has decreased by 8.7 %
from 1990 to 2009. The relatively large fluctuation in the emission is due
to inter-country electricity trade. Thus, the high emissions in 1991, 1996,
2003 and 2006 reflect a large electricity export and the low emissions in
1990 and 2005 are due to a large import of electricity. The increasing
emission of CHy during the nineties is due to the increasing use of gas
engines in decentralised cogeneration plants. The CHs emissions from
this sector has been decreasing since 2001 due to the liberalisation of the
electricity market. The CO; emission from the transport sector increased
by 23.5 % from 1990 to 2009, mainly due to increasing road traffic.
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2.3.2 Industrial processes

The emissions from industrial process, i.e. emissions from processes
other than fuel combustion, amount in 2009 to 2.9 % of the total emission
in CO; equivalents (excl. LULUCF). The main sources are cement pro-
duction, refrigeration, foam blowing and calcination of limestone. The
COz emission from cement production — which is the largest source con-
tributing in 2009 with 1.3 % of the National total — increased by 13.4 %
from 1990 to 2009. The second largest source has previously been N>O
from the production of nitric acid. However, the production of nitric
acid/fertiliser ceased in 2004 and therefore the emission of N.O also
ceased.

2.3.3 Agriculture

The agricultural sector contributes in 2009 with 15.8 % of the total green-
house gas emission in CO; equivalents (excl. LULUCF) and is the most
important sector regarding the emissions of N>O and CHa. In 2009, the
contribution of N>O and CHj to the total emission of these gases was 91.2
% and 70.4 %, respectively. The NoO emission from agriculture de-
creased by 32.4 % and the CHj emission including field burning and re-
duction of biogas decreased by 3.3 % from 1990 to 2009.

2.3.4 Forestry

The carbon stock change for forests has been estimated based on best
available data. Based on mapped forest area in 1990 and in 2005 a calcu-
lation of carbon stored in both forest remaining forest and in afforesta-
tion since 1990 have been performed. The forest areas in 1990 as well as
in 2005 have been mapped to be larger than previously estimated for the
times. The calculation of carbon stock in 1990 and in 2000 used age dis-
tribution as reported in census 1990 and in 2000 as an expression of the
total forest land allocation to species and ages. Based on the actual
measurements of carbon storage in different species and age classes with
the current National Forest Inventory, the total standing carbon stock
was calculated. For each of the years 1990 - 2000 calculated a standing
carbon stock as a moving average, corrected for the deforestation which
was detected. Windthrows and the effects of these are included in the
overall estimation of changes in carbon stock. As carbon stock is based
on moving average the annual effect is not dramatically.

Since the NFI was initiated in 2002, it is representative from 2005. Calcu-
lation of carbon stock in the period 2000-2004 is based on NFI in 2005
and carbon stock as calculated for 2000. For 2005-2009 carbon stock is
calculated solely on the basis of the NFI - with additional information
about the total forest area from satellite image mapping. The data for
2009 estimates the Danish forests to be a large sink of 2 736 Gg CO..

The forecast for the period 2010 - 2020 show a decreasing trend of forest
carbon stock. This is due to the current high proportion of old trees,
which face rejuvenation. Hereby large old trees felled and replaced by
new small trees. The net result is that the total carbon stock decreases. If
the forests had a completely even distribution of ages, carbon stock
would be virtually constant - assuming unchanged harvesting and
growth. Changes in forest management, may affect the development of
forests. Thus, a postponement of cutting of old trees - will postpone the



decline in carbon storage. Conversely, increased logging (e.g. due to in-
creased demand, increased price or similar) may lead to a sharper de-
cline in carbon stock.

For the afforestated areas a steady increase in carbon stocks is expected
also in the future years. The rate of increase of area will depend on both
availability of land and on possible subsidies for afforestation. Deforesta-
tion occurs mainly in relation to other specific projects e.g. for nature res-
toration or test areas for wind mills.

2.3.5 Cropland, Grassland and Wetlands

The emission estimates for mineral cropland soils is estimated with a
dynamic Tier 3 model which take into account actual biomass input to
the soil and actual temperatures. The harvest yield in 2009 was the high-
est ever recorded in Denmark and combined with moderate tempera-
tures the mineral soils turned to be a small sink compared to 2008. 2008
were very warm which resulted in a net loss of carbon from the cropland
soils. A new map of organic soils and new national EF for organic soils
has been implemented in the current inventory. This has, among other
things, altered the distribution of the emission from organic soils be-
tween cropland soils and grassland soils. The emission from organic
cropland soils has been estimated to 1 282 Gg CO. and the total emission
from Cropland to 1 347 Gg CO.. Since 1990 there has been a decrease in
the total C-stock in mineral soils which partly can be allocated to the
global warming. A continuous increase in raised number of shelterbelts
increases the C sequestration here.

Grassland is showing a stable annual emission around 125 Gg CO; per
year which mainly comes from the utilisation of organic soils.

Emissions from managed wetlands with peat extraction are unaltered at
a low level.

2.3.6 Waste

The waste sector contributes in 2008 with 2.2 % to the National total of
greenhouse gas emissions (excl. LULUCF), 20.6 % of the total CHs emis-
sion and 2.0 % of the total N>O emission. The GHG emission from the
sector has decreased by 0.4 % from 1990 to 2009. This decrease is a result
of (1) a decrease in the CHs emission from solid waste disposal sites
(SWDS) by 4.4 % due to the increasing use of waste for power and heat
production, and (2) a decrease in emission of N>O from wastewater
(WW) handling systems of 26.1 % due to upgrading of WW treatment
plants. These decreases are counteracted by an increase in CHs from WW
of 12.7 % due to increasing industrial load to WW systems. In 2009 the
contribution of CHy from SWDS was 17.9 % of the total CH4 emission.
The CH4 emission from WW amounts in 2009 to 1.3 % of the total CH4
emissions. The emission of N>O from WW in 2008 is 1.3 % of national to-
tal of N2O. Since all incinerated waste is used for power and heat pro-
duction, the emissions are included in the 1A IPCC category.
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2.4 Description and interpretation of emission trends for
indirect greenhouse gases and SO

2.41 NO,

The largest sources of emissions of NOx are road transport followed by
other mobile sources and combustion in energy industries (mainly public
power and district heating plants). The transport sector is the sector con-
tributing the most to the emission of NOx and, in 2009, 45.3 % of the
Danish emissions of NOx stems from road transport, national navigation,
railways and civil aviation. Also emissions from national fishing and off-
road vehicles contribute significantly to the NOx emission. For non-
industrial combustion plants, the main sources are combustion of wood,
gas oil and natural gas in residential plants. The emissions from energy
industries have decreased by 70 % from 1990 to 2009. In the same period,
the total emission decreased by 53 %. The reduction is due to the increas-
ing use of catalyst cars and installation of low-NOx burners and denitri-
fying units in power and district heating plants.
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Figure 2.6 NOx emissions. Distribution according to the main sectors (2009) and time-series for 1990 to 2009.

242 CO

Non-industrial combustion plants and transport is by far the major con-
tributors to the total emission of this pollutant with 62.4 and 30.0 % of
the total CO emission. The total CO emission decreased by 45 % from
1990 to 2009, largely because of decreasing emissions from road trans-
portation due to the introduction of private catalyst cars in 1990 and the
introduction of even more emission-efficient private cars in the following
years.
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2.43 NMVOC

The emissions of NMVOC originate from many different sources and
can be divided into two main groups: incomplete combustion and
evaporation. Road vehicles and other mobile sources such as national
navigation vessels and off-road machinery are the main sources of
NMVOC emissions from incomplete combustion processes. Road trans-
portation vehicles are still the main contributors even though the emis-
sions have declined since the introduction of catalyst cars in 1990. The
evaporative emissions mainly originate from the use of solvents and the
extraction, handling and storage of oil and natural gas. The emissions
from the energy industries have increased during the nineties due to the
increasing use of stationary gas engines, which have much higher emis-
sions of NMVOC than conventional boilers. The total anthropogenic
emissions have decreased by 49.7 % from 1990 to 2009, largely due to the
increased use of catalysts in cars and reduced emissions from use of sol-
vents.
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244 SO,

The main part of the SO, emission originates from combustion of fossil
fuels, i.e. mainly coal and oil, in public power and district heating plants.
From 1980 to 2009, the total emission decreased by 96.7 %. The large re-
duction is mainly due to installation of desulphurisation plant and use of
fuels with lower content of sulphur in public power and district heating
plants. Despite the large reduction of the SO, emissions, these plants
make up 33.5 % of the total emission in 2009. Also emissions from indus-
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trial combustion plants, non-industrial combustion plants and other mo-
bile sources are important. National sea traffic (navigation and fishing)
contributes with about 13.2 % of the total SO; emission. This is due to the
use of residual oil with high sulphur content.
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Figure 2.9 SO, emissions. Distribution according to the main sectors (2009) and time-series for 1990 to 2009.

2.5 Description and interpretation of emission trends for
KP-LULUCF inventory in aggregate, by activity and
by gas

Coverage relating to reporting of activities under Article 3.3 and elected
activities under Article 3.4 are listed in Table 2.10 for reporting concern-
ing change in carbon pool and for greenhouse gas sources. All pools are
reported. Carbon stock change in below-ground biomass for Cropland
Management and Grazing Land Management under Article 3.4 are in-
cluded under Above-ground biomass for the same area categories. Fer-
tilisation of forests and other land is negligible and all fertiliser con-
sumption is therefore reported in the agricultural sector. All liming is re-
ported under Cropland because only very limited amounts are used in
forestry and on permanent grassland. Field burning of wooden biomass
is prohibited in Denmark and therefore reported as not occurring. Wild-
fires are very seldom and if occurring very small in Denmark and hence
reported as NO.

CO; is by far the most important greenhouse gas relating to activities
under Article 3.3 and Article 3.4. There is however a minor contribution
of N>O due to Deforestation (1.2 % of GHG from Deforestation in 2009)
and Forest Management (0.5 % of GHG from Forest Management in
2009).



Table 2.10 Coverage of reporting of change of carbon pools relating to activities under Article 3.3 and elected activities

under Article 3.4.

Change in carbon pool reported Greenhouse gas sources reported
Above- Below- Litter Dead Soil | Fertili- Drainage of Disturbance Liming Biomass
ground  ground wood zation soils under associated burning
bio- bio- forest with land-use
mass mass manage- conversion to
ment croplands
N.O N.O N.O CO, CO> CHs; NO
o Afforestation
2 and R R R R R IE IE NO NO NO
g Reforestation
< Deforestation R R R R R R IE NO NO NO
Forest
R R R R R IE R IE NO NO NO
Management
<
e Cropland R IE NO NO R R R NO NO NO
< Management
€ .
< GrazingLand | g E NO NO R IE NO NO NO
Management
Revegetation NA NA NA NA NA NA NA NA NA

R: reported, NR: not reported, IE: included elsewhere, NO: not occurring, NA: not applicable.

2.5.1 Forest

The trends in forest in the first commitment period are dependent on
both the current structure of the forests and the management actions in
the coming years. If similar management is applied as in the previous 15
years a decline in the total carbon stock in the forest remaining forest is
expected. However, for 2008 and 2009 a sink in forest remaining forest is
reported.

For the afforestated areas a steady increase in carbon stocks is expected
also in the future years. The rate of increase of area will depend on both
availability of land and on possible subsidies for afforestation. Deforesta-
tion occurs mainly in relation to other specific projects e.g. for nature res-
toration or test areas for wind mills.

2.5.2 Cropland, Grassland and Wetlands

The trend for the Cropland and Grassland under KP-LULUCF seems to
be that there has been a stabilisation of the loss of C from agricultural
soils compared to previous due to an increased input of organic matter
in the soil. However, the loss depends much of the climatic conditions.
As a consequence of the global warming, where 18 years out of the last
20 years has been above the average for 1961-1990, it is difficult to avoid
substantial losses of C from the agricultural soils in future. The changes
in Cropland management since 1990 have undoubtedly prevented fur-
ther losses of soil carbon. A further increase in the actual temperature
will have consequences for the ability to maintain or even to prevent fur-
ther losses of soil carbon.

The reestablishment of wetlands on agricultural land is especially tar-
geted towards organic soils which lead to a decreased emission from
these soils. Further reestablishments are expected to take place in the fu-
ture.
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3 Energy (CRF sector 1)

3.1 Overview of the sector
The energy sector has been reported in four main chapters:

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

3.4 Additional information on fuel combustion (CRF sector 1A)
3.5 Fugitive emissions (CRF sector 1B)

Though industrial combustion is part of stationary combustion, detailed
documentation for some of the specific industries is discussed in the in-
dustry chapters. Table 3.1.1 shows detailed source categories for the en-
ergy sector and plant category in which the sector is discussed in this re-
port.



Table 3.1.1 CRF energy sectors and relevant NIR chapters.
IPCCid IPCC sector name NERI documentation
1 Energy Stationary combustion, Transport, Fugitive, Industry
1A Fuel Combustion Activities Stationary combustion, Transport, Industry
1A1 Energy Industries Stationary combustion
1A1a Electricity and Heat Production Stationary combustion
1A1b Petroleum Refining Stationary combustion, Fugitive
1A1c Solid Fuel Transf./Other Energy Industries Stationary combustion
1A2 Fuel Combustion Activities/Industry (ISIC) Stationary combustion, Transport, Industry
1A2a Iron and Steel Stationary combustion, Industry
1A2b Non-Ferrous Metals Stationary combustion, Industry
1A2c Chemicals Stationary combustion, Industry
1A2d Pulp, Paper and Print Stationary combustion, Industry
1A2e Food Processing, Beverages and Tobacco Stationary combustion, Industry
1A2f Other (please specify) Stationary combustion, Transport, Industry
1A3 Transport Transport
1A3a Civil Aviation Transport
1A3b Road Transportation Transport
1A3c Railways Transport
1A3d Navigation Transport
1A3e Other (please specify) Transport
1A4 Other Sectors Stationary combustion, Transport
1A4a Commercial/Institutional Stationary combustion
1A4b Residential Stationary combustion, Transport
1A4c Agriculture/Forestry/Fishing Stationary combustion, Transport
1A5 Other (please specify) Stationary combustion, Transport
1A5a Stationary Stationary combustion
1A5b Mobile Transport
1B Fugitive Emissions from Fuels Fugitive
1B1 Solid Fuels Fugitive
1B1a Coal Mining Fugitive
1B1al Underground Mines Fugitive
1B1a2 Surface Mines Fugitive
1B1b Solid Fuel Transformation Fugitive
1Bi1c Other (please specify) Fugitive
1B2 QOil and Natural Gas Fugitive
1B2a Qil Fugitive
1B2a2 Production Fugitive
1B2a3 Transport Fugitive
1B2a4 Refining/Storage Fugitive
1B2a5 Distribution of oil products Fugitive
1B2a6 Other Fugitive
1B2b Natural Gas Fugitive
1B2b1  Production/processing Fugitive
1B2b2 Transmission/distribution Fugitive
1B2c Venting and Flaring Fugitive
1B2c1 Venting and Flaring Oil Fugitive
1B2c2 Venting and Flaring Gas Fugitive
1B2d  Other Fugitive
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Summary tables for the energy sector are shown below.

Table 3.1.2 CO; emission from the energy sector.

Greenhouse gas 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
source categories
(Gg)
1. Energy 51,343 61,815 56,005 58,342 62,284 59,112 72,344 62,818 58,770 56,129
A. Fuel Combustion 51,043 61,223 55,393 57,808 61,759 58,697 71,888 62,178 58,295 55,120
(Sectoral Approach)
1. Energy Industries 25,952 34,775 29,835 31,387 35,521 32,046 44,316 35,194 31,541 28,443
2. Manufacturing Indus- 5,412 5,965 5,874 5,767 5,723 5,829 6,007 6,059 6,079 6,167
tries and Construction
3. Transport 10,617 11,001 11,200 11,319 11,802 11,940 12,188 12,381 12,353 12,373
4. Other Sectors 8,943 9,195 8,344 9,096 8,460 8,631 9,201 8,373 8,120 7,954
5. Other 119 287 141 237 252 252 176 171 204 182
B. Fugitive Emissions 300 593 611 534 526 415 456 641 475 1,010
from Fuels
1. Solid Fuels NA,NO NA,NO NA,NO NANO NANO NA,NO NANO NANO NA,NO NANO
2. Oil and Natural Gas 300 593 611 534 526 415 456 641 475 1,010
Continued 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
(Gg)
1. Energy 51,655 53,457 53,045 58,184 52,658 49,098 57,013 52,176 49,155 47,274
A. Fuel Combustion 50,992 52,749 52,449 57,568 51,974 48,600 56,534 51,758 48,779 47,017
(Sectoral Approach)
1. Energy Industries 25,414 26,715 26,918 31,584 25,766 22,566 30,463 25,827 23,705 23,698
2. Manufacturing Indus- 5,953 6,035 5,748 5,673 5,736 5,438 5,563 5,389 4,905 3,915
tries and Construction
3. Transport 12,173 12,184 12,282 12,738 13,047 13,166 13,544 14,161 13,929 13,109
4. Other Sectors 7341 7,718 7,412 7,481 7,186 7,159 6,838 6,206 6,133 6,135
5. Other 111 97 89 92 239 271 126 175 108 160
B. Fugitive Emissions 662 708 596 616 684 499 478 418 376 258
from Fuels
1. Solid Fuels NA,NO NA,NO NANO NA,NO NA/NO NA,NO NANO NANO NANO NANO
2. Oil and Natural Gas 662 708 596 616 684 499 478 418 376 258




Table 3.1.3 CH, emission from the energy sector.

Greenhouse gas 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
source categories
(Go)
1. Energy 10.99 1231 1225 1271 18.94 25.17 29.29 29.22 30.44 30.78
A. Fuel Combustion 8.92 9.74 9.79 10.03 16.02 21.84 26.03 25.75 27.03 26.93
(Sectoral Approach)
1. Energy Industries 050 064 072 087 6.11 11.39 1447 13.87 1525 15.36
2. Manufacturing Indus- 040 045 047 0.51 037 047 089 0.89 098 0.97
tries and Construction
3. Transport 255 264 263 258 253 240 229 219 2.08 1.96
4. Other Sectors 546 599 596 6.06 7.01 757 837 880 870 8.64
5. Other 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01
B. Fugitive Emissions 207 257 246 268 291 333 326 347 3.4 3.86
from Fuels
1. Solid Fuels NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO
2. Oil and Natural Gas 207 257 246 268 291 333 326 347 3.4 3.86
Continued 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
(Go)
1. Energy 30.51 3152 30.95 30.71 31.36 29.81 29.89 28.04 27.55 24.80
A. Fuel Combustion 26.54 27.36 26.77 26.42 26.25 2470 2348 2195 2150 19.25
(Sectoral Approach)
1. Energy Industries 14.64 1554 1512 14.40 14.08 1240 11.49 9.57 10.17 8.87
2. Manufacturing Indus- 1.19 1.23 1.15 1.12 1.14 1.06 092 070 074 0.69
tries and Construction
3. Transport 1.82 1.69 1.58 1.50 1.39 1.27 1.18 1.07 0.91 0.76
4. Other Sectors 8.89 8.88 8.91 9.40 9.63 9.96 9.89 10.61 9.68 8.93
5. Other 0.01 0.01 0.00 0.00 o0.01 0.01 0.01 0.01 0.00 0.01
B. Fugitive Emissions 397 415 418 429 5.11 5.11 6.41 6.08 6.05 5.55
from Fuels
1. Solid Fuels NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO
2. Oil and Natural Gas 397 415 418 429 5.11 5.11 6.41 6.08 6.05 5.55
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Table 3.1.4 N>O emission from the energy sector.

Greenhouse gas 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
source
categories
(Gg)
1. Energy 1.05 1.18 1.15 1.18 1.21 1.22 1.38 1.31 1.26 1.26
A. Fuel Combustion 1.04 1.18 1.15 1.17 1.21 1.21 1.38 1.31 1.25 1.25
(Sectoral Approach)
1. Energy Industries 027 035 032 033 038 0.36 049 042 0.38 0.38
2. Manufacturing Indus- 0.17 019 019 017 015 014 0.14 014 0.14 0.14
tries and Construction
3. Transport 037 039 041 0.42 0.45 048 050 052 051 0.51
4. Other Sectors 023 024 023 024 023 0.23 023 0.22 0.21 0.21
5. Other 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.01 o0.01
B. Fugitive Emissions 0.00 0.01 0.01 0.00 000 0.00 0.00 o0.01 0.00 0.01
from Fuels
1. Solid Fuels NA,N NA,NO NANO NA,NO NA,NO NA,NO NANO NANO NANO NAN
(0] (0]
2. Oil and Natural Gas 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01
Continued 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
(Go)
1. Energy 1.22 1.25 1.26 1.32 1.27 1.24 1.33 1.30 1.26 1.20
A. Fuel Combustion 1.22 1.25 1.26 1.31 1.26 1.24 1.32 1.29 1.26 1.20
(Sectoral Approach)
1. Energy Industries 036 038 039 043 038 0.35 042 037 036 0.36
2. Manufacturing Indus- 0.14 014 014 0.13 013 0.12 0.14 013 0.12 0.10
tries and Construction
3. Transport 050 049 048 0.49 049 047 047 048 047 043
4. Other Sectors 0.22 024 024 0.26 025 0.28 029 030 030 0.30
5. Other 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.01
B. Fugitive Emissions 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00
from Fuels
1. Solid Fuels NA,N NA,NO NA,NO NANO NA,NO NANO NA,NO NA,NO NANNO NAN
(0] (0]
2. Oil and Natural Gas 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.00 o0.00

3.2

Stationary combustion (CRF sector 1A1, 1A2 and

1A4)

3.2.1 Source category description

In the Danish emission database all activity rates and emissions are de-
fined in SNAP sector categories (Selected Nomenclature for Air Pollu-
tion) according the CORINAIR system. The emission inventories are
prepared from a complete emission database based on the SNAP source
categories. Aggregation to the IPCC source category codes is based on a
correspondence list enclosed in Annex 3A-1. Stationary combustion is
defined as combustion activities in the SNAP sectors 01 — 03.

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

e 1Al Energy Industries.

¢ 1A2 Manufacturing Industries and Construction.

o 1A4 Other Sectors.

However, the emission sources 1A2 and 1A4 also include emission from
transport subcategories. The emission source 1A2 includes emissions



from some off-road machinery in the industry. The emission source 1A4
includes off-road machinery in agriculture, forestry and house-
hold/gardening. Further emissions from national fishing are included in
subcategory 1A4.

The emission and fuel consumption data included in tables and figures
in Chapter 3.2 only include emissions originating from stationary com-
bustion plants of a given IPCC source category. The IPCC source cate-
gory codes have been applied unchanged, but some source category
names have been changed to reflect the stationary combustion element of
the source.

The CO; emission from calcinations is not part of the source category En-
ergy. This emission is included in the source category Industrial Processes.

3.2.2 Fuel consumption data

In 2009 the total fuel consumption for stationary combustion plants was
521 PJ of which 411 PJ was fossil fuels and 110 PJ was biomass.

Fuel consumption distributed according to the stationary combustion
subcategories is shown in Figure 3.2.1 and Figure 3.2.2. The majority - 61
% - of all fuels is combusted in the source category, Public electricity and
heat production. Other source categories with high fuel consumption are
Residential and Industry.

Fuel consumption including biomass
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Figure 3.2.1 Fuel consumption of stationary combustion source categories, 2009. Based
on DEA (2010a).

Coal and natural gas are the most utilised fuels for stationary combus-

tion plants. Coal is mainly used in power plants and natural gas is used
in power plants and decentralised combined heating and power (CHP)
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plants, as well as in industry, district heating, residential plants and off-
shore gas turbines (see Figure 3.2.2).

Detailed fuel consumption rates are shown in Annex 3A-2.
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Figure 3.2.2 Fuel consumption of stationary combustion 2009, disaggregated to fuel

type. Based on DEA (2010a).

Fuel consumption time-series for stationary combustion plants are pre-
sented in Figure 3.2.3. The fuel consumption for stationary combustion
was 5 % higher in 2009 than in 1990, while the fossil fuel consumption
was 10 % lower and the biomass fuel consumption 158 % higher than in
1990.

The consumption of natural gas and biomass has increased since 1990
whereas coal consumption has decreased.
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Figure 3.2.3 Fuel consumption time-series, stationary combustion. Based on DEA
(2010a).

The fluctuations in the time-series for fuel consumption are mainly a re-
sult of electricity import/export, but also of outdoor temperature varia-
tions from year to year. This, in turn, leads to fluctuations in emission
levels. The fluctuations in electricity trade, fuel consumption, CO, and
NOx emission are illustrated and compared in Figure 3.2.4. In 1990 the
Danish electricity import was large causing relatively low fuel consump-
tion, whereas the fuel consumption was high in 1996 due to a large elec-
tricity export. In 2009 the net electricity import was 1.2 P], whereas there
was a 5.2 PJ electricity import in 2008. The large electricity export that
occurs some years is a result of low rainfall in Norway and Sweden caus-
ing insufficient hydropower production in both countries.

To be able to follow the national energy consumption as well as for sta-
tistical and reporting purposes, the Danish Energy Agency produces a
correction of the actual fuel consumption and CO, emission without
random variations in electricity imports/exports and in ambient tem-
perature. This fuel consumption trend is also illustrated in Figure 3.2.4.
The corrections are included here to explain the fluctuations in the time-
series for fuel rate and emission.
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Fuel consumption adjusted for electricity trade
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Fuel consumption time-series for the subcategories to stationary combus-
tion are shown in Figure 3.2.5,3.2.6 and 3.2.7.

Fuel consumption for Energy Industries fluctuates due to electricity trade
as discussed above. The fuel consumption in 2009 was 16 % higher than
in 1990. The fluctuation in electricity production is based on fossil fuel
consumption in the subcategory Electricity and Heat Production. The en-
ergy consumption in Other energy industries is mainly natural gas used in
gas turbines in the off-shore industry. The biomass fuel consumption in

Energy Industries 2009 added up to 61 PJ, which is 3.5 times the level in
1990.

The fuel consumption in Industry was 21 % lower in 2009 than in 1990
(Figure 3.2.6). The fuel consuption industrial plants has decreased con-
siderably as a result of the financial crisis. The biomass fuel consumption
in Industry in 2009 added up to 8 PJ which is a 10 % increase since 1990.

The fuel consumption in Other Sectors decreased 10 % since 1990 (Figure
3.2.7). The biomass part of the fuel consumption has increased from 16 %
in 1990 to 39 % in 2009. Wood consumption in residential plants in 2009
was 2.3 times the consumption in year 2000.

Time-series for subcategories are shown in Chapter 3.2.4.
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Figure 3.2.5 Fuel consumption time-series for subcategories - 1A1 Energy Industries.
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Figure 3.2.7 Fuel consumption time-series for subcategories - 1A4 Other Sectors.

3.2.3 Emissions

Greenhouse gas emission

The GHG emissions from stationary combustion are listed in Table 3.2.1.
The emission from stationary combustion accounted for 47 % of the na-
tional GHG emission (excluding LULUCEF) in 2009.

The CO; emission from stationary combustion plants accounts for 61 %
of the national CO; emission (not including LULUCF). The CHs emission
accounts for 7 % of the national CH, emission and the N>O emission for 3
% of the national N>O emission.

Table 3.2.1 Greenhouse gas emission, 2009 ".

CO, CHs N0
Gg CO, equivalent
1A1 Fuel Combustion, Energy industries 23698 186 113

1A2 1A2 Fuel Combustion, Manufacturing Industries and Con- 3092 14 20
struction”

1A4 Fuel Combustion, Other sectors " 4055 180 63
Emission from stationary combustion plants 30845 380 196
Emission share for stationary combustion 61% 7% 3%

" Only stationary combustion sources of the category is included.

CO; is the most important GHG pollutant accounting for 98.2 % of the
GHG emission (COz eq.) from stationary combustion. CH4 accounts for
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1.2 % and N2O for 0.6 % of the GHG emission (COz eq.) from stationary
combustion (Figure 3.2.8).

CH, N,O
1.2% 0.6%
co,
98.2%

Figure 3.2.8 Stationary combustion - GHG emission (CO. equivalent), contribution from
each pollutant.

Figure 3.2.9 depicts the time-series of GHG emission (COz eq.) from sta-
tionary combustion and it can be seen that the GHG emission develop-
ment follows the CO; emission development very closely. Both the CO:
and the total GHG emission are lower in 2009 than in 1990, CO. by 18 %
and GHG by 17 %. However, fluctuations in the GHG emission level are
large.
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Figure 3.2.9 GHG emission time-series for stationary combustion.

The fluctuations in the time-series are largely a result of electricity im-
port/export, but also of outdoor temperature variations from year to
year. The fluctuations follow the fluctuations in fuel consumption dis-
cussed in Chapter 3.2.2. As mentioned in Chapter 3.2.2, the Danish En-
ergy Agency estimates a correction of the actual CO, emission without
random variations in electricity imports/exports and in ambient tem-
perature. The GHG emission corrected for electricity import/export and
ambient temperature has decreased by 28 % since 1990, and the CO»
emission by 29 %. These data are included here to explain the fluctua-
tions in the emission time-series.

CO;
The carbon dioxide (COz) emission from stationary combustion plants is
one of the most important GHG emission sources. Thus the CO, emis-



sion from stationary combustion plants accounts for 61 % of the national
CO; emission. Table 3.2.2 lists the CO, emission inventory for stationary
combustion plants for 2009. Electricity and heat production accounts for 69
% of the CO, emission from stationary combustion. This share is some-
what higher than the fossil fuel consumption share for this category,
which is 61 % (Figure 3.2.1). This is due to a large share of coal in this
category. Other large CO> emission sources are Industry and Residential
plants. These are the source categories, which also account for a consid-
erable share of fuel consumption.

Table 3.2.2 CO, emission from stationary combustion plants, 2009").

COg Gg 1Ada . ;iiiiléemial 1A4c Agriculture
1A1a Public electricity and heat production 21224 Commerall 9% I Forestry/
1A1b Petroleum refining 933 3% 1.1%
1A1c Other energy industries 1542 142 Industry
1A2  Industry 3092 0%
1A4a Commercial/Institutional Ao Otfor
1A4b Residential 2925 energy industries
1A4c  Agriculture/Forestry/Fisheries 324 5%
Total 30845 1A1a Public

1A1b Petroleum electricity and

refining heat production
3% 69%

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

In the Danish inventory the source category Electricity and heat production
is further disaggregated. The CO, emission from each of the subcatego-
ries is shown in Table 3.2.3. The largest subcategory is power plant boil-
ers >300MW.

Table 3.2.3 CO, emission from subcategories to 1A1a Electricity and heat production.

Sub- Subcategory name CO;,
category Gg Public power,
|D bl wer, slati_onary
(SNAP) gas tiromes ~_ Snones

8%
0101 Public power

010101  Combustion plants > 300MW (boilers) 16365 Public power,

boilers < 50

010102  Combustion plants > 50MW and < 1172 mw

1%

300 MW (boilers)

010103  Combustion plants <50 MW (boilers) 296 Public power,

010104  Gas turbines 1732 S < P power;
010105  Stationary engines 883 3oomw ?Sgrgg
0102 District heating plants 7%
010202 Combustion plants > 50MW and < 158

300 MW (boilers)

010203 Combustion plants <50 MW (boilers) 619

CO; emission from combustion of biomass fuels is not included in the to-
tal CO; emission data, because biomass fuels are considered CO; neutral.
The CO; emission from biomass combustion is reported as a memo item
in the Climate Convention reporting. In 2009 the CO, emission from
biomass combustion was 11 861 Gg.

In Figure 3.2.10 the fuel consumption share (fossil fuels) is compared to
the CO; emission share disaggregated to fuel origin. Due to the higher
CO: emission factor for coal than oil and gas, the CO, emission share
from coal combustion is higher than the fuel consumption share. Coal
accounts for 41 % of the fossil fuel consumption and for 51 % of the CO»
emission. Natural gas accounts for 40 % of the fossil fuel consumption
but only 30 % of the CO, emission.
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Fossil fuel consumption share.
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Figure 3.2.10 CO, emission, fuel origin.

51%

Time-series for CO, emission are provided in Figure 3.2.11. Despite an
increase in fuel consumption of 5 % since 1990 CO, emission from sta-
tionary combustion has decreased by 18 % because of the change of fuel

type used.

The fluctuations in total CO: emission follow the fluctuations in CO,
emission from Electricity and heat production (Figure 3.2.11) and in coal
consumption (Figure 3.2.4). The fluctuations are a result of electricity

import/export as discussed in Chapter 3.2.2.
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Figure 3.2.11 CO. emission time-series for stationary combustion plants.




CHg,

The methane (CHs) emission from stationary combustion plants accounts
for 7 % of the national CHys emission. Table 3.2.4 lists the CHy emission
inventory for stationary combustion plants in 2009. Electricity and heat
production accounts for 49 % of the CHy emission from stationary com-
bustion, which is somewhat less than the fuel consumption share. The
emission from residential plants adds up to 37 % of the emission.

Table 3.2.4 CH, emission from stationary combustion plants, 2009".

1A4c Agriculture
/ Forestry /

CH4 Mg Fisheries

6%

1A1a Public electricity and heat production 8817

1A1b Petroleum refining 4 1A4b 1A1a Public
1A1c Other energy industries 46 Residential electricity and
1A2 Industry 656 o heat production
1A4a Commercial/Institutional 729 ;:?)‘:;lmgrcial/
1A4b Residential 6722 sittional
1A4c Agriculture/Forestry/Fisheries 1130
Total 18103 TAlc Other AT Petroleum

1A2 Industry energy industries o, 9

4% 0.3% 0.02%

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

The CHy emission factor for reciprocating gas engines is much higher
than for other combustion plants due to the continuous ignition/burn-
out of the gas. Lean-burn gas engines have an especially high emission
factor. A considerable number of lean-burn gas engines are in operation
in Denmark and in 2009 these plants accounted for 58 % of the CHi
emission from stationary combustion plants (Figure 3.2.12). Most engines
are installed in CHP plants and the fuel used is either natural gas or bio-
gas. Residential wood combustion is also a large emission source.

Other
stationary

combustion
plants
5%

Residential Gas
wood engines
combustion 58%

37%

Figure 3.2.12 CH4 emission share for gas engines and residential wood combustion,
2009.

Figure 3.2.13 shows the time-series for CHs emission. The CHs emission
from stationary combustion has increased by a factor of 3.0 since 1990.
This results from the considerable number of lean-burn gas engines in-
stalled in CHP plants in Denmark during the 1990s. Figure 3.2.14 pro-
vides time-series for the fuel consumption rate in gas engines and the
corresponding increase of CH4 emission. The decline in later years is due
to structural changes in the Danish electricity market, which means that
the fuel consumption in gas engines has been decreasing.

The emission from residential plants has increased since 1990 due to in-
creased combustion of biomass in residential plants until 2007. The con-
sumption has however decreased since 2007. Combustion of wood ac-
counted for 76 % of the emission from residential plants in 2009.
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Figure 3.2.13 CH,4 emission time-series for stationary combustion plants.
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Figure 3.2.14 Fuel consumption and CH4 emission from gas engines, time-series.

N20

The nitrous oxide (N20O) emission from stationary combustion plants ac-
counts for 3 % of the national N>O emission. Table 3.2.5 lists the N>O
emission inventory for stationary combustion plants in the year 2009.
Electricity and heat production accounts for 48 % of the N>O emission from
stationary combustion.
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Table 3.2.5 N,O emission from stationary combustion plants, 2009".

1A4c Agriculture
/ Forestry /
Fisheries

2%

N-O Mg 1Adb
Residential
25%

1A1a Public electricity and heat production 301 1Ata Public
1A1b Petroleum refining 4 | pa slectricity and
1A1c Other energy industries 59 Commercial / vt

1A2  Industry B4 pittona!

1Ad4a Commercial/Institutional 29 1A2 Industry

1A4b Residential 159 "

1A4c Agriculture/Forestry/Fisheries 16 1A1c Other TA1b Petroleum
Total 632 gz}jrgy industries Iﬁanng

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

Figure 3.2.15 shows time-series for N2O emission. The N>O emission
from stationary combustion has increased by 15 % from 1990 to 2009, but
again fluctuations in emission level due to electricity import/export are

considerable.
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Figure 3.2.15 N>O emission time-series for stationary combustion plants.

SOz, NOy, NMVOC and CO

The emissions of sulphur dioxide (SOz), nitrogen oxides (NOx), non vola-
tile organic compounds (NMVOC) and carbon monoxide (CO) from
Danish stationary combustion plants 2009 are presented in Table 3.2.6.

SO; from stationary combustion plants accounts for 73 % of the national
emission. NOy, CO and NMVOC account for 32 %, 37 % and 20 % of na-
tional emissions, respectively.

Table 3.2.6 SO,, NOy, NMVOC and CO emission, 2009".
Pollutant NOx CO NMVOC SO,
Gg Gg Gg Gg

1A1 Fuel consumption, Energy industries 281 94 2.0 4.9
1A2 Fuel consumption, Manufacturing Industries and Construction” 6.8 10.3 0.3 2.8
1A4 Fuel consumption, Other sectors"” 77 127.0 17.0 3.0
Emission from stationary combustion plants 426 146.7 19.2 10.8
Emission share for stationary combustion, % 32 37 20 73

1)  Only emissions from stationary combustion plants in the source categories are included.
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SO

Stationary combustion is the most important emission source for SO, ac-
counting for 73 % of the national emission. Table 3.2.7 presents the SO
emission inventory for the stationary combustion subcategories.

Electricity and heat production is the largest emission source accounting for
43 % of the emission. However, the SO, emission share is lower than the
fuel consumption share for this source category, which is 61 %. This is a
result of effective flue gas desulphurisation equipment installed in
power plants combusting coal. In the Danish inventory the source cate-
gory Electricity and heat production is further disaggregated. Figure 3.2.16
shows the SO, emission from Electricity and heat production on a disag-
gregated level. Power plants >300MW, are the main emission source,
accounting for 52 % of the emission.

The SO, emission from industrial plants is 26 %, a remarkably high emis-
sion share compared with fuel consumption. The main emission sources
in the industrial category are combustion of coal and residual oil, but
emissions from the cement industry is also a considerable emission
source. Ten years ago SO emission from the industrial category only ac-
counted for a small part of the emission from stationary combustion, but
as a result of reduced emissions from power plants the share has now in-
creased.

Time-series for SO, emission from stationary combustion are shown in
Figure 3.2.17. The SO, emission from stationary combustion plants has
decreased by 93 % since 1990. The large emission decrease is mainly a re-
sult of the reduced emission from Electricity and heat production, made
possible due to installation of desulphurisation plants and due to the use
of fuels with lower sulphur content. Despite the considerable reduction
in emission from electricity and heat production plants, these still ac-
count for 43 % of the emission from stationary combustion, as mentioned
above. The emission from other source categories also decreased consid-
erably since 1990. Time-series for subcategories are shown in Chapter

3.24.
Table 3.2.7 SO, emission from stationary combustion plants, 2009".
1A4c Agriculture
/F try /
SO» Mg Fishorios

1%

1A1a Public electricity and heat production 4589  1a4

1A1b Petroleum refining 341 Resdental 1A1a Public
. . % electricity and
1A1c Other energy industries 8 heat production

1A2 Industry 2847 43%
1A4a Commercial/Institutional 13 ™
1A4b Residential 1636 Conmercial /
1A4c Agriculture/Forestry/Fisheries 1219 Institutional 1A1b Petroleum
Total 10771 '%* refining
1A2 Industry 1A1c Other 8%
27% energy industries

0.1%
" Only emission from stationary combustion plants in the source categories is included.
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Figure 3.2.16 Disaggregated SO, emissions from 1A1a Energy and heat production.
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Figure 3.2.17 SO, emission time-series for stationary combustion.

N0x

Stationary combustion accounts for 32 % of the national NOx emission.
Table 3.2.8 shows the NOx emission inventory for stationary combustion
subcategories.

Electricity and heat production is the largest emission source accounting for
47 % of the emission from stationary combustion plants. The emission
from public power boilers > 300 MW, accounts for 39 % of the emission
in this subcategory.

Industrial combustion plants are also an important emission source ac-
counting for 16 % of the emission. The main industrial emission source is
cement production, which accounts for 57 % of the emission.

Residential plants account for 15 % of the NOx emission. The fuel origin
of this emission is mainly wood accounting for 65 % of the residential

plant emission.

Other energy industries which is mainly off-shore gas turbines accounts
for 16 % of the NOx emission.
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Time-series for NOx emission from stationary combustion are shown in
Figure 3.2.18. NOx emission from stationary combustion plants has de-
creased by 63 % since 1990. The reduced emission is largely a result of
the reduced emission from electricity and heat production due to instal-
lation of low NOx burners, selective catalytic reduction (SCR) units and
selective non-catalytic reduction (SNCR) units. The fluctuations in the
time-series follow the fluctuations in electricity and heat production,
which, in turn, result from electricity trade fluctuations.

Table 3.2.8 NO, emission from stationary combustion plants, 2009".

1A4c Agriculture
/ Forestry /
Fisheries

2%

1A4b

Residential
NO« Mg 15%

1A1a Public electricity and heat production 19796 , .

1A1b Petroleum refining 1610 commercial / 1A1a_Public
1A1c Other energy industries 6686 Instiutional Pt ot

2%

1A2 Industry 6764 46%
1A4a Commercial/Institutional 812 1A2 Industry

1A4b Residential 6192 "

1A4c Agriculture/Forestry/Fisheries 702

Total 42563

1A1c Other 1A1b Petroleum
refining
15% 4%

" Only emission from stationary combustion plants in the source categories is included.
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Figure 3.2.18 NOy emission time-series for stationary combustion.

NMVOC

Stationary combustion plants account for 20 % of the national NMVOC
emission. Table 3.2.9 presents the NMVOC emission inventory for the
stationary combustion subcategories.

Residential plants are the largest emission source accounting for 84 % of
the emission from stationary combustion plants. For residential plants
NMVOC is mainly emitted from wood and straw combustion, see Figure
3.2.19.

Electricity and heat production is also a considerable emission source,
accounting for 10 % of the emission. Lean-burn gas engines have a rela-
tively high NMVOC emission factor and are the most important emis-
sion source in this subcategory (see Figure 3.2.19). The gas engines are ei-
ther natural gas or biogas fuelled.



Time-series for NMVOC emission from stationary combustion are
shown in Figure 3.2.20. The emission has increased by 31 % from 1990.
The increased emission is mainly a result of the increasing wood con-
sumption in residential plants and of the increased use of lean-burn gas
engines in CHP plants.

The emission from residential plants increased 34 % since 1990. The
NMVOC emission from wood combustion in 2009 was 2.5 times the 1990
level due to increased wood consumption. However, the emission factor
has decreased since 1990 due to installation of modern stoves and boilers
with improved combustion technology. Further the emission from straw
combustion in farmhouse boilers has decreased (75 %) over this period
due to both a decreasing emission factor and decrease in straw consump-
tion in this source category.

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

The decrease of the NMVOC emission since 2007 is a result of both a de-
cline of the consumption of wood in residential plants and a decreasing
emission factor for firewood combustion in residential plants.

Table 3.2.9 NMVOC emission from stationary combustion plants, 2009".

1At1a Public 1A1b Petroleum

electricity and refining 1A1c Other
NMVOC Mg heat production 0.003% energy industries

1A1a Public electricity and heat production =~ 1938 1A4c Agriculture  10%

0.2%

1A1b Petroleum refining 1 /F.Fs%ree:g/
1A1c Other energy industries 38 2% 102 Industry
295 1A4a
1A4a Commercial/Institutional 275 EZIRLT%’S;’:”
1A4b Residential 16245 1%
1A4c Agriculture/Forestry/Fisheries 444
19236

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

Residential plants Electricity and heat production
Gas oil Natural
50, gas Othoer
° 1% 0.1%
Other
Straw electricity and
7% heat
production
plants
26%
Gas engines
Wood 74%

90%

Figure 3.2.19 NMVOC emission from Residential plants and from Electricity and heat
production, 2009.

119



120

o2}
(O]
(G
O -
>
S 107
P4
5
0 — R %
O — AN O ¥ 1 © I 0 O O - A O I 1 O N~ 0 O
DD DD DYDY N”N O O O O O O O O O O
D O O O O O O O O O O O O O O O O O O O
- - - - - - -~ ~ -~ A A d d d d d N NN
——1A1a Public electricity and heat production —=—1A1b Petroleum refining
1A1c Other energy industries ——1A2 Industry
—*—1A4a Commercial / Institutional —e—1A4b Residential
——1A4c Agriculture / Forestry / Fisheries —&—Total

Figure 3.2.20 NMVOC emission time-series for stationary combustion.

(of0]

Stationary combustion accounts for 37 % of the national CO emission.
Table 3.2.10 presents the CO emission inventory for stationary combus-
tion subcategories.

Residential plants are the largest emission source, accounting for 81 % of
the emission. Wood combustion accounts for 89 % of the emission from
residential plants, see Figure 3.2.21. This is in spite of the fact that the
fuel consumption share is only 40 %. Combustion of straw is also a con-
siderable emission source whereas the emission from other fuels used in
residential plants is almost negligible.

Time-series for CO emission from stationary combustion are shown in
Figure 3.2.22. The emission has increased by 3 % from 1990. The time-
series for CO from stationary combustion plants follows the time-series
for CO emission from residential plants. The decreased wood consump-
tion in residential plants since 2007 has resulted in a decrease of CO
emission from stationary combustion since 2007.

The consumption of wood in residential plants in 2009 was 3.7 times the
1990 level. However, the CO emission factor for wood has decreased
since 1990 causing the CO emission from wood combustion in residential
plants in 2009 to be only 2.8 times the 1990 level. Both straw consump-
tion and CO emission factor for residential plants have decreased since
1990.

Table 3.2.10 CO emission from stationary combustion plants, 2009".

1A1a Public 1A1b Petroleum
electricity and refining
CO Mg heat production 0.08% 1Atc Other

energy industries

1A4c Agriculture 6% 0.12%

. — - / Forestry /
1A1a Public electricity and heat production 9079 Faee

1A1b Petroleum refining 118 5% ;{;f Industry
1A1c Other energy industries 176 1A
10330 Commercial /
1A4a Commercial/Institutional 865 sptional
1A4b Residential 118706 o
1A4c Agriculture/Forestry/Fisheries 7441 TAdb
146714 Residential

81%

1) Only emission from stationary combustion plants in the source categories is included.
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Figure 3.2.21 CO emission sources, residential plants, 2009.
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Figure 3.2.22 CO emission time-series for stationary combustion.

3.2.4 Sectoral trend

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

1A1 Energy industries

The emission source category 1A1 Energy Industries consists of the sub-
categories:
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¢ 1Ala Electricity and heat production.
e 1A1b Petroleum refining.
e 1Alc Other energy industries.

Figure 3.2.23 — 3.2.25 present time-series for the Energy Industries. Electric-
ity and heat production is the largest subcategory accounting for the main
part of all emissions. Time-series are discussed below for each subcate-
gory.
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Figure 3.2.25 Time-series for SO,

——1A1a Electricity and heat production
—+—1A1c Other energy industries

—=—1A1b Petroleum refining
—e—1A1 Total

NOy, NMVOC and CO emission, 1A1 Energy industries.

1A1a Electricity and heat production

Public electricity and heat production is the largest source category re-
garding both fuel consumption and greenhouse gas emissions for sta-
tionary combustion. Figure 3.2.26 shows the time-series for fuel con-

sumption and emissions.
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The fuel consumption in electricity and heat production was 10 % higher
in 2009 than in 1990. As discussed in Chapter 3.2.2 the fuel consumption
fluctuates mainly as a consequence of electricity trade. Coal is the fuel
that is affected the most by the fluctuating electricity trade. Coal is the
main fuel in the source category even in years with electricity import.
The coal consumption in 2009 was 31 % lower than in 1990. Natural gas
is also an important fuel and the consumption of natural gas has in-
creased since 1990, but decreased since 2003. A considerable part of the
natural gas is combusted in gas engines (Figure 3.2.23). The consumption
of municipal waste and biomass has increased.

The CO; emission was 13 % lower in 2009 than in 1990. This decrease — in
spite of higher fuel consumption - is a result of the change of fuel dis-
cussed above.

For CH4 the emission increase until the mid-nineties is a result of the
considerable number of lean-burn gas engines installed in CHP plants in
Denmark in this period. The decline in later years is due to structural
changes in the Danish electricity market, which means that the fuel con-
sumption in gas engines has been decreasing (Figure 3.2.23). The emis-
sion in 2009 was 19 times the 1990 emission level.

The N0 emission in 2009 was 19 % above the 1990 emission level. The
emission fluctuates similar to the fuel consumption.

The SO, emission has decreased 96 % since 1990. This decrease is a result
of both lower sulphur content in fuels and installation and improved
performance of desulphurisation plants.

The NOy emission has decreased 78 % due to installation of low NOx
burners, selective catalytic reduction (SCR) units and selective non-
catalytic reduction (SNCR) units. The fluctuations in time-series follow
the fluctuations in fuel consumption and electricity trade.

The emission of NMVOC in 2009 was 4.6 times the 1990 emission level.
This is a result of the large number of gas engines that has been installed
in Danish CHP plants as mentioned above.

The CO emission was 16 % higher in 2009 than in 1990. The fluctuations
follow the fluctuations of the fuel consumption. In addition the emission
from gas engines is considerable.
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Figure 3.2.26 Time-series for 1A1a Electricity and heat production.

Petroleum refining is a small source category regarding both fuel con-

sumption and greenhouse gas emissions for stationary combustion.
There are presently only two refineries operating in Denmark. Figure

3.2.27 shows the time-series for fuel consumption and emissions.
The significant decrease in both fuel consumption and emissions in 1996

is a result of the closure of a third refinery.

1A1b Petroleum refining
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The fuel consumption has increased 6 % since 1990 and the CO, emission
has increased 3 %.

The reduction in CH4 emission from 1995 to 1996 is caused by the closure
of a refinery. The reduction 1997 - 1999 is a result of inconsistency of
methodology that will be corrected in the next inventory3.

The N2O emission was 71 % higher in 2009 than in 1990. The emission
increased in 1990 — 1994 as a result of the installation of a gas turbine in
one of the refineries. The gas turbine was installed in 1993 (DEA 2010c)
but plant specific fuel consumption data (technology specific data) are
only available from 1994 onwards. Thus, the N>O emission in 1993 is
likely to be underestimated because the emission factor for gas turbines
is higher than for other plants in the sector.

The N2O emission factor for the refinery gas fuelled gas turbine has been
assumed equal to the emission factor for natural gas fuelled turbines and
thus the emission factor have been decreasing since 1994. This cause the
decreasing time-series since 1994. However, since only one gas turbine is
included in the sector the same emission factor will be applied for all
years in future inventories.

The emission of SO> has shown a pronounced decrease (90 %) since 1990,
mainly because of technical improvements at the refineries. The NOx
emission in 2009 was the same as in 1990. In recent years, data for both
SOz and NOx are plant specific data stated by the refineries.

The time-series for NMVOC will be recalculated in the next inventory
due to an inconsistency of methodology similar to the one mentioned
above concerning CH4. Further, the emission factor time-series are in-
consistent.

Inconsistent time-series for CO emission factors (2004 - 2005) will also be
corrected in the next inventory.

Emissions from refineries are further discussed in Chapter 3.5.

3 The emission of CHy and NMVOC have for some years been assumed (NERI as-
sumption) included annual plant specific emission data reported in emission source
1B2.
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series for fuel consumption and emissions.
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sumption in the off-shore industry. Gas turbines are the main plant type.
The CO; emission follows the fuel consumption and the emission in 2009

The fuel consumption in 2009 was 2.9 times the consumption in 1990.
was also 2.9 times the emission in 1990.

The source category Other energy industries comprises natural gas con-
Figure 3.2.28 shows the time

1A1c Other energy industries

Figure 3.2.27 Time-series for 1A1b Petroleum refining.



The emissions from all pollutants follow the increase of fuel consump-
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tionary and mobile sources. In this chapter only stationary sources are

included.
emissions. The data have not been disaggregated to industrial subcate-

Manufacturing industries and construction (Industry) consists of both sta-
Figure 3.2.29 — 3.2.31 show the time-series for fuel consumption and

1A2 Industry

Figure 3.2.28 Time-series for 1A1c Other energy industries.
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gories due to the fact that the Danish inventory is based on data for the
industrial plants as a whole. Disaggregation to subcategories for the re-
porting to the Climate Convention is discussed in the methodology
chapter (page 166).

The total fuel consumption in industrial combustion was 21 % lower in
2009 than in 1990. The fuel consumption has decreased considerably (24
%) since 2006 and the financial crisis has resulted in a remarkable de-
crease in 2009. The consumption of gas has increased since 1990 whereas
the consumption of coal has decreased. The consumption of residual oil
has decreased, but the consumption of petroleum coke increased. The
biomass part of fuel has not changed considerably since 1990.

The GHG emission and the CO, emission are both rather stable follow-
ing the small fluctuations in fuel consumption and the decrease since
2006. Due to change of applied fuels the GHG and CO, emissions have
decreased more than the fuel consumption since 1990; both emissions
have decreased 32 %.

The CH4 emission has increased from 1994-2000 and decreased again
from 2004 - 2007. In 2009 the emission was 95 % higher than in 1990. The
CH4 emission follows the consumption of natural gas in gas engines.
Most industrial CHP plants based on gas engines came in operation dur-
ing 1995 to 1999. The decrease in later years is a result of the liberalisa-
tion of the electricity market.

The N>O has decreased 32 % since 1990, mainly due to the decreased re-
sidual oil consumption. In resent years combustion of wood is a consid-
erable emission source.

The SO, emission has decreased 83 % since 1990. This is mainly a result
of lower consumption of residual oil in the industrial sector. Further the
sulphur content of residual oil and several other fuels has decreased
since 1990 due to legislation and tax laws.

The NOx emission fluctuations follow the fuel consumption in the ce-
ment production. However, the NOx emission has decreased 49 % since
1990 due to the reduced emission from industrial boilers in general.

The NMVOC emission has decreased 74 % since 1990. The decrease is a
mainly result of decreased emission factor for combustion of wood in in-
dustrial boilers. The emission from gas engines has however increased
considerably after 1995 due to the increased fuel consumption that is a
result of the installation of a large number of industrial CHP plants. The
NMVOC emission factor for gas engines is much higher than for boilers
regardless of the fuel.

The CO emission in 2009 was 34 % lower than in 1990. The main source

of emission is combustion in mineral wool production. This emission fol-
lows the fuel consumption in the mineral wool production plants.
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Figure 3.2.31 Time-series for SO,, NOx, NMVOC and CO emission, 1A2 Industry.
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1A4 Other Sectors
The emission source category 1A4 Other Sectors consists of the subcatego-
ries:

e 1A4a Commercial/Institutional plants.
e 1A4b Residential plants.
[ ]

1Alc Agriculture/Forestry.

Figure 3.2.32-34 present time-series for this emission source category.
Residential plants is the largest subcategory accounting for the largest
part of all emissions. Time-series are discussed below for each subcate-

gory.
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Figure 3.2.34 Time-series for SO,, NOx, NMVOC and CO emission, 1A4 Other Sectors.

1A4a Commercial and institutional plants
The subcategory Commercial and institutional plants has low fuel con-
sumption and emissions compared to the other stationary combustion

emission source categories. Figure 3.2.35 shows the time-series for fuel
consumption and emissions.
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The fuel consumption in commercial/institutional plants has decreased
27 % since 1990 and there has been a change of fuel type. The fuel con-
sumption consists mainly of gas oil and natural gas. The consumption of
gas oil has decreased and the consumption of natural gas has increased
since 1990. The consumption of wood and biogas has also increased. The
wood consumption in 2009 was five times the consumption in 1990.

The CO; emission has decreased 43 % since 1990. Both the decrease of
fuel consumption and the change of fuels — from gas oil to natural gas -
contribute to the decreased CO, emission.

The CH4 emission in 2009 was 14 times the 1990 level. The increase is
mainly a result of the increased emission from natural gas fuelled en-
gines. The emissions from biogas fuelled engines and from combustion
of wood also contribute to the increase. The time-series for consumption
of natural gas and biogas are shown in Figure 3.2.32.

The N>O emission in 2009 was 16 % higher than in 1990. This increase is
a result of the change of fuel from gas oil to natural gas* The emission
from wood combustion have also been increasing. The fluctuations of the
N20 emission follow the fuel consumption.

The SO, emission has decreased 93 % since 1990. The decrease is a result
of both the change of fuel from gas oil to natural gas and of the lower
sulphur content in gas oil and in residual oil. The lower sulphur content
(0.05 % for gas oil since 1995 and 0.7 % for residual oil since 1997) is a re-
sult of Danish tax laws (MST 1998).

The NOx emission was 32 % lower in 2009 than in 1990. The decrease is
mainly a result of the lower fuel consumption but also the change from
gas oil to natural gas has contributed to the decrease. The emission from
gas engines and wood combustion has increased.

The NMVOC emission in 2009 was 2.2 times the 1990 emission level. The
large increase is a result of the increased combustion of wood that is the
main source of emission. The increased consumption of natural gas in
gas engines also contribute to the increased NMVOC emission.

The CO emission has decreased 3 % since 1990. The emission from wood
and from natural gas fuelled engines and boilers has increased whereas
the emission from gas oil has decreased. This is a result of the change of
fuels applied in the sector.

4 Boilers
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lower than in 1990. However, the

The emission source category Residential plants consists of both stationary

and mobile sources. In this chapter only stationary sources are included.
%

consumption of gas oil has decreased since 1990 whereas the consump-

Figure 3.2.36 shows the time-series for fuel consumption and emissions.
For residential plants the total fuel consumption has been rather stable,
tion of wood has increased considerably (four times the 1990 level). The

consumption of natural gas has also increased since 1990.

and in 2009 the consumption was 2

1A4b Residential plants

Figure 3.2.35 Time-series for 1A4a Commercial /institutional.



136

The CO; emission has decreased by 39 % since 1990. This decrease is
mainly a result of the considerable change of applied fuel from gas oil to
wood and natural gas.

The CH4 emission from residential plants has increased 66 % since 1990
due to the increased combustion of wood in residential plants, which is
the main source of emission. The increased emission from gas engines
also contributes to the increased emission.

The change of fuel from gas oil to wood has resulted in a 77 % increase of
N20 emission since 1990 due to a higher emission factor for wood than
for gas oil.

The large decrease (63 %) of SO> emission from residential plants is
mainly a result of a change of sulphur content in gas oil since 1995. The
lower sulphur content (0.05 %) is a result of Danish tax laws (MST 1998).
In addition, the consumption of gas oil has decreased and the consump-
tion of natural gas that results in very low SO, emissions has increased.

The NOx emission has increased by 27 % since 1990 due to the increased
emission from wood combustion. The emission factor for wood is higher
than for gas oil.

The emission of NMVOC has increased 39 % since 1990 as a result of the
increased combustion of wood. The emission factor for wood has de-
creased since 1990, but not as much as the increase in consumption of
wood. The emission factor for wood and straw is higher than for liquid
or gaseous fuels.

The CO emission has increased 41 % due to the increased use of wood
that is the main source of emission. The emission from combustion of
straw has decreased since 1990.
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Figure 3.2.36 Time-series for 1A4b Residential plants.

The emission source category Agriculture/forestry consists of both station-

ary and mobile sources. In this chapter only stationary sources are in-
cluded. Figure 3.2.37 shows the time-series for fuel consumption and

1A4c Agriculture/forestry
emissions.

For plants in agriculture/forestry the fuel consumption has decreased 31

% since 1990. A remarkable decrease of fuel consumption has taken place

since year 2000.
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The type of fuel that has been applied has changed since 1990. In the
years 1994-2004 the consumption of natural gas was high, but in recent
years the consumption decreased again. A large part of the natural gas
consumption has been applied in gas engines (Figure 3.2.32). Most CHP
plants in agriculture/forestry based on gas engines came in operation in
1995-1999. The decrease in later years is a result of the liberalisation of
the electricity market.

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

The CO; emission in 2009 was 45 % lower than in 1990. The CO; emis-
sion increased from 1990 to 1996 due to increased fuel consumption.
Since 1996 the CO, emission has decreased in line with the decrease in
fuel consumption.

The CH4 emission in 2009 was 4 % higher than the emission in 1990. The
emission follows the time-series for natural gas combusted in gas en-
gines (Figure 3.2.32). The emission from combustion of straw has de-
creased as a result of the decreasing consumption of straw in the sector.

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

The SO; emission was 62 % lower in 2009 than in 1990. The emission de-
creased mainly in the years 1996-2002. The main emission sources are
coal, residual oil and straw.

The emission of NOx was 39 % lower in 2009 than in 1990. This is in line
with the decrease of fuel consumption.

The emission of NMVOC has decreased 46 % since 1990. The major
emission source is combustion of straw. The consumption of straw has
decreased since 1990. The emission from gas engines has increased
mainly due to increased fuel consumption.

The CO emission has decreased 77 % since 1990. The major emission
source is combustion of straw. In addition to the decrease of straw con-
sumption the emission factor for straw has also decreased since 1990.



6002 6002 6002 6002
+ 8002 t 8002 + 8002 + 8002
t 2002 t L002 t L002 b L002
t 9002 t 9002 + 9002 t 9002
F 5002 t 5002 t 002 t 5002
t ¥002 t ¥002 F ¥002 t ¥002
t €002 t £002 + €002 t €002
+ 2002 + 2002 + 2002 t 2002
b 1002 b 1002 F 1002 b 1002
t 0002 + 0002 + 0002 t 0002
t 6661 t 6661 \\ t 6661 t 6661
+ 8661 + 8661 - 8664 \\ - 8661
\ b 2661 b 2661 b 661 F 661
t 9661 t 9661 // - 9664 + 9661
t 9661 t 5661 F G661 t 5661
A b v661 b 661 b v661 b 661
V t €661 t €661 t €661 t €661
+ 2661 - 2661 - 2664 + 2661
r 166k r 166k A r 661 L1661k
0661 T T T T 066} T T T T 066+ : : : 0661
v o v o w o u 9 ® © ¥ 84 2@ ® © ¥ N 9 2 @ @ N © 1B ¥ O § 9 v o ©v o v o o o
(] (] o o ~— ~— o o ~— — ~— ~— ~— o o o o o — o o o o o o o o o o ™ © N N - -
69 208 69 *ON 69 ‘“OOANN 69 ‘00
6002 6002 6002 6002
F 8002 t 8002 r 8002
8002 |
1002 | S [ £002 t 2002 + 2002
< L
900z |23 [ 9002 [ 9002 9002
(2]
g0z [a£3 [ 002 002 002
oEm
yooz [ v002 - ¥002 | vo0e
o0z | £ t €002 L e00z + €002
o L
2002 | 3 t 2002 L 2002 2002
2 L
=i 002 |25 b 1002 b 1002 Y +00e
= - 000z | 000z - 000z
— EEE L
= 66} t 6661 t 6661 eeer
= Kl 8 - 8661 | ec61 - 8661
|| 7] r&
= RCIRIEA L s661 | 661 661
| P r 9661
=l zE88 - 9661 - 9664
| ce6 [TEE2 [ seer
— 533 L 66k | se61
| som0 r ¥661
_— vest r 661 - ¥661
——1 c66} ~ + €661
= g t €661 t €661
P——tze6lL | 2 3 + 2664
— 5 3 266k - 266k
—— 166} | 3O < b 1661
— of22 b 1661 k1661
+ N O o © ¥ « Oomm— mm%m 0661 0661 o 0 o 0 o [Te) 0.ummF
- - - ELtor] ! J j ! T T T ® o I - - =} S
. oomo Q@ N © 0w ¥ O o = < o [} o ] =} [} o =} =] =} o o S =]
rd ‘uondwnsuod jan4 o o o o o o o o o o ™ o I - - =] =] 1=} IS ] <} IS IS o
61 °00 69 "HO 69 ‘0°N

which is a European program for air
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emission inventories. CORINAIR includes methodology structure and

4

The methodology is described in the
EMEP/CORINAIR Emission Inventory Guidebook 2007 update, pre-

The Danish emission inventory is based on the CORINAIR (CORe IN-
inventories.

Projections (EEA 2007). Emission data are stored in an Access database,

pared by the UNECE/EMEP Task Force on Emissions Inventories and
from which data are transferred to the reporting formats.

3.2.5 Methodological issues
ventory on AIR emissions) system

software for

Figure 3.2.37 Time-series for 1A4c Agriculture/Forestry.
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In the Danish emission database all activity rates and emissions are de-
fined in SNAP sector categories (Selected Nomenclature for Air Pollu-
tion) according the CORINAIR system. The emission inventories are
prepared from a complete emission database based on the SNAP source
categories. Aggregation to the source category codes used in CRF is
based on a correspondence list enclosed in Annex 3A-1.

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

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

Large point sources

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

In the inventory for the year 2009, 71 stationary combustion plants are
specified as large point sources. These point sources include:

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

* Municipal waste incineration plants.

e Large industrial combustion plants.

e Petroleum refining plants.

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

e All centralized power plants, including smaller units.

e All units with a capacity of above 25 MWe.

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

e All waste incineration plants obliged to report environmental data
annualy according to Danish law (MST 2010).

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

consumption.

e with a significant process related emission.

The fuel consumption of stationary combustion plants registered as large
point sources in the 2009 inventory was 310 PJ. This corresponds to 60 %
of the overall fuel consumption for stationary combustion.

A list of the large point sources for 2009 and the fuel consumption rates
is provided in Annex 3A-5. The number of large point sources registered
in the databases increased from 1990 to 2009.



The emissions from a point source are based either on plant specific
emission data or, if plant specific data are not available, on fuel con-
sumption data and the general Danish emission factors. Annex 3A-5
shows which of the emission data for large point sources are plant-
specific and the corresponding share of the emission from stationary
combustion.

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

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

e Annual environmental reports / environmental reporting available
on the Danish EPA home page®

e Annual plant-specific reporting of SO> and NOx from power plants
>25MW. prepared for the Danish Energy Agency.

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

e Emission data reported from industrial plants.

The EU ETS data are discussed in the chapter Emission factors (page
144).

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

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

Emissions of the greenhouse gases CHs and N>O from the large point
sources are all based on the area source emission factors.

Area sources

Fuels not combusted in large point sources are included as source cate-
gory specific area sources in the emission database. Plants such as resi-
dential boilers, small district heating plants, small CHP plants and some
industrial boilers are defined as area sources. Emissions from area
sources are based on fuel consumption data and emission factors. Fur-
ther information on emission factors is provided below in the chapter
Emission factors (page 144).

Activity rates, fuel consumption

The fuel consumption rates are based on the official Danish energy statis-
tics prepared by the Danish Energy Agency (DEA). NERI aggregates fuel
consumption rates to SNAP categories. Some fuel types in the official
Danish energy statistics are added to obtain a less detailed fuel aggrega-
tion level cf. Annex 3A-3. The calorific values on which the energy statis-
tics are based are also enclosed in Annex 3A-3. The correspondence list

5 http:/ /www3.mst.dk/Miljoeoplysninger/PrtrPublicering /Index
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between the energy statistics and SNAP categories is enclosed in Annex
3A-9.

The fuel consumption of the IPCC category Manufacturing industries and
construction (corresponding to SNAP category 03 Combustion in manufac-
turing industries) is not disaggregated into specific industries in the NERI
emission database. Disaggregations into specific industries have been es-
timated for the reporting to the Climate Convention. The disaggregation
of fuel consumption and emissions from the industrial category is dis-
cussed below on page 166.

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

Petroleum coke purchased abroad and combusted in Danish residential
plants (border trade of 628 TJ in 2009) is not included in the Danish in-
ventory. This is in agreement with the IPCC Guidelines (1996).

The fuel consumption data for large point sources refer to the EU Emis-
sion Trading Scheme (EU ETS) data for plants for which the CO; emis-
sion also refer to EU ETS, see page 144.

For all other large point sources the fuel consumption refers to a DEA
database (DEA 2010c). The DEA compiles a database for the fuel con-
sumption of each district heating and power-producing plant, based on
data reported by plant operators.

The fuel consumption of area sources is calculated as total fuel consump-
tion minus fuel consumption of large point sources.

The Danish national energy statistics includes three fuels used for non-
energy purposes; bitumen, white spirit and lubricants. The total con-
sumption for non-energy purposes is relatively low, e.g. 10.6 P] in 2009.
The use of white spirit is included in the inventory in Solvent and other
product use. The emissions associated with the use of bitumen and lubri-
cants are included in Industrial Processes. The non-energy use of fuels is
included in the reference approach for Climate Convention reporting.

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

Fuel consumption data are presented in Chapter 3.2.2.

Town gas

Town gas has been included in the fuel category natural gas. The con-
sumption of town gas in Denmark is very low, e.g. 0.5 PJ in 2009. In 1990
the town gas consumption was 1.6 P] and the consumption has been
steadily decreasing through out the time-series.

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



An indicative composition of town gas according to the largest supplier
of town gas in Denmark is shown in Table 3.2.11 (KE 2009).

Table 3.2.11 Composition of town gas currently used (KE 2009).

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

Butane 0.5

Carbon dioxide 0.4
Nitrogen 40.5
Oxygen 10.7

The lower heating value of the town gas currently used is 19.3 M] per
Nm? and the CO; emission factor 56.4 kg per GJ. This is very close to the
emission factor used for natural gas of 56.69 kg per GJ. According to the
supplier both the composition and heating value will change during the
year. It has not been possible to obtain a yearly average.

In earlier years the composition of town gas was somewhat different.
Table 3.2.12 is constructed with the input from Kebenhavns Energi (KE)
(Copenhagen Energy) and Danish Gas Technology Centre (DGC),
(Jeppesen, 2008; Kristensen, 2007). The data refer to three measurements
performed several years apart; the first in 2000 and the latest in 2005.

Table 3.2.12 Composition of town gas, information from the period 2000-2005.

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

The lower calorific value has been between 15.6 and 17.8 MJ per Nm?3.
The CO; emission factors - derived from the few available measurements
- are in the range of 52-57 kg per GJ.

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

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

Waste

All waste incineration in Denmark is applied for heat and/or power
production and thus included in the energy sector. In this report, the fuel
category is referred to as municipal waste, but in fact, the fuel category in-
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cludes all waste fractions incinerated in Denmarké. The waste inciner-
ated in Denmark for energy production consists of the waste fractions
shown in Figure 3.2.38. In 2008, 3 % of the incinerated waste was hazar-
dous waste”.

Packaging , 5000
Hazardous Unknown ]
waste o < 4000 4
waste 0.002% 2% s
3% 3 3000
: o
; Domestic * 2000 ﬁ
Commercial waste 2
2 1000
waste 41% =
36% 0 T T T T T
3885888358383 885 8
o O O o O o O ©O O o o o O o
FFFFFF NN NN NN N N
@ Domestic waste @ Treatment residues O Bulky waste

Garden Treatment @ Garden waste O Commercial waste B Hazardous waste
waste Bulky waste residues W Health-care risk waste O Packaging waste | Unknown
0.1% 10% 8%

Figure 3.2.38 Waste fractions (weight) for incinerated waste in 2008 and the correspond-
ing time-series 1994-2008 (ISAG 2011).

Biogas

Biogas includes landfill gas, sludge gas and manure gas. The Danish en-
ergy statistics specifies production and consumption of each of the bio-
gas types. In 2009, 74 % of the applied biogas was manure gas.
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Figure 3.2.39 Biogas types 2009 and the corresponding time-series 1990-2009 (DEA
2010a).

Emission factors

For each fuel and SNAP category (sector and e.g. type of plant) a set of
general area source emission factors has been determined. The emission
factors are either nationally referenced or based on the international
guidebooks: EEA/CORINAIR Guidebook (EEA 2009)% and IPCC Refer-
ence Manual (IPCC 1996).

A complete list of emission factors including time-series and references is
provided in Annex 3A-4.

CO,, use of EU ETS data

The CO; emission factors for some large power plants and for combus-
tion in the cement industry and refineries are plant specific and based on
the reporting to the EU Emission Trading Scheme (EU ETS). In addition
emission factors for off-shore gas turbines and refinery gas is based on

6 In the next inventory, the fuel category name will be changed.

7 In 2001 onwards, health-care risk waste is included in hazardous waste in the ISAG
database.

8 And former editions of the EMEP /Corinair Guidebook.



EU ETS data®. The EU ETS data have been applied for the years 2006 -
2009.

The EU ETS data are also applied for other source categories and are fur-
ther discussed in chapter 1.4.10.

Methodology, criteria for implementation and QA/QC

The Danish emission inventory for stationary combustion only includes
data from plants using higher tier methods as defined in the EU decision
(EU Commission 2007), where the specific methods for determining car-
bon contents, oxidation factor and calorific value are specified. The EU
decision includes rules for measuring, reporting and verification.

For each of the plants included individually in the Danish inventory all
applied methodologies are specified in individual monitoring plans that
are accepted by Danish authorities (DEA) prior to the reporting of the
emissions. The plants/fuels included individually in the Danish inven-
tory all apply the Tier 3 methodology for calculating the CO, emission
factor. This selection criteria results in a dataset for which the emission
factor values are based on fuel quality measurements!, not default val-
ues from the Danish UNFCCC reporting. All fuel analyses are performed
according to ISO 17025.

The power plants/fuels selected based on emission factor methodology
apply the tiers for activity data, LCV, emission factor and oxidation fac-
tor listed below.

Coal

The CO; emission for coal is based on analysis of C content of the coal (g
C per kg) and coal weight measurements. However, LCV values are also
measured according to high tier methods in spite of the fact that this
value is not input data for the calculation of total CO; emission.

e Fuel flow: Tier 4 methodology (+ 1.5 %). For coal the activity data
(weight) is based on measurements on belt conveyor scale. The uncer-
tainty is below the required + 1.5 %.

e LCV: Tier 3 methodology. Data are based on measurements according
to ISO 13909 / ISO 18283 (sampling) and ISO 1928 (LCV). The uncer-
tainty for data is below + 0.5 %.

e Emission factor: The emission factor is C-content of the coal. Tier 3
methodology (+ 0.5 %) is applied and the measurements are per-
formed according to ISO 13909 (sampling) and ISO/TS 12902 (C-
content).

e Oxidation factor: Based on Tier 3 methodology except for one plant
that applies Tier 1 methodology. The Tier 3 methodology is based on
measurements of C-content in bottom ash and fly ash according to
ISO/TS 12902 or on burning loss measurements according to ISO
1171. The uncertainty has been estimated to 0.5 %. For Tier 1 the oxi-
dation factor is assumed to be 1.

9 See page 154 and 154
10 Applying specific methods defined in the EU decision
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Residual oil

e Fuel flow: Tier 4 methodology (+ 1.5 %) for most plants. However, a
few of the included plants apply Tier 3 methodology (+2.5 %).

e LCV: Tier 3 methodology. Data are based on sampling according to
API Manual of Petroleum Measurement Standards / ASTM D 270
and fuel analysis (LCV) according to ASTM D 240 / ISO 1928 / data
stated by the fuel supplier.

e Emission factor: Tier 3 methodology according to API Manual of Pe-
troleum Measurement Standards / ASTM D 4057 (sampling) and ISO
12902 / ASTM D 5291 (C-content).

e Oxidation factor: Based on Tier 2 or Tier 3 methodology, both result-

ing in the oxidation factor 1 with an uncertainty of 0.8 %.

For coal and residual oil fuel analyses are required for each 20,000 tonnes
or at least six times each year. The fuel analyses are performed by ac-
credited laboratories!!.

NERI performs some QA/QC checks on the reported emission data, see
chapter 1.4.10. NERI excluded data for one stationary combustion plant
for 2009.

Additional data analysis performed as a result of the latest review will
result in exclusion of one dataset for 2008, two datasets for 2007 and one
dataset for 2006. The oxidation factor for these datasets is outliers.

Data presentation

The EU ETS data for power plants include plant specific emission factors
for coal, residual oil and gas oil. The EU ETS data for power plants ac-
count for 52 % of the CO; emission from stationary combustion.

Power plants, coal

EU ETS data for 2009 were available from 17 coal fired power plant
units. The plant specific information accounts for 97 %12 of the Danish
coal consumption and 49 % of the total CO, emission from stationary
combustion plants. The average CO; emission factor for coal for these 17
units was 93.6 kg per GJ (Table 3.2.13). The plants all apply bituminous
coal.

Table 3.2.13 EU ETS data for 17 coal fired power plant units, 2009.
Average Min Max

Heating value, GJ per tonne 24.7 23.9 25.3
CO; implied emission factor, kg per GJ" 93.6 91.9 95.0
Oxidation factor 0.994 0.987 1.000

1)  Including oxidation factor

Table 3.2.14 CO; implied emission factor time-series for coal fired power plant units
based on EU ETS data.
Year CO, implied emission factor, kg per GJ”

2006 94.4
2007 94.3
2008 94.0
2009 93.6

1)  Including oxidation factor

11 ENISO 17025
12 Including EU ETS data for cement production: 99 %



Power plants, residual oil

EU ETS data for 2009 based on higher tier methodologies were available
from 24 units combusting residual oil. Aggregated data and time-series
are shown in Table 3.2.15 and Table 3.2.16. The EU ETS data accounts for
62 %?3 of the residual oil consumption in stationary combustion.

Table 3.2.15 EU ETS data for 24 power plant units combusting residual oil.

Average Min Max
Heating value, GJ per tonne 40.5 40.0 40.8
CO; implied emission factor, kg per GJ 78.9 77.3 81.4
Oxidation factor 1.00 1.00 1.00

Table 3.2.16 CO; implied emission factor time-series for residual oil fired power plant
units based on EU ETS data.
Year  CO, implied emission factor, kg per GJ”

2006 78.2
2007 78.1
2008 78.5
2009 78.9

1)  Including oxidation factor

Power plants, gas oil

EU ETS data for 2009 based on higher tier methodologies were available
from 2 plants combusting gas oil. Aggregated data and time-series are
shown in Table 3.2.17 and Table 3.2.18. The EU ETS data accounts for 9 %

of the gas oil consumption in stationary combustion.

Table 3.2.17 EU ETS data for 2 power plant units combusting gas oil.

Average Min Max
CO; implied emission factor, kg per GJ 75.1 74.9 75.2
Oxidation factor 1.00 1.00 1.00

Table 3.2.18 CO; implied emission factor time-series for gas oil fired power plant units
based on EU ETS data.

Year CO; implied emission factor, kg per GJ”
2006 75.1
2007 74.9
2008 73.7
2009 75.1

1)  Including oxidation factor

Industrial plants

Plant specific CO; emission factors have also been applied for the cement
production plants, sugar production plants and vegetable oil production
plants, that are part of source category 1A2 Industry. The EU ETS data
includes CO; emission factors for coal, petroleum coke, residual oil and
waste.

Off-shore gas turbines

Individual EU ETS data are not applied for each of the off-shore gas tur-
bines, but EU ETS data have been applied to estimate an average CO>
emission factor for this source category.

1373 % including EU ETS data for cement industry
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CO,, other emission factors

The CO; emission factors that are not included in EU ETS data or that are
included but based on lower tier methodologies are not plant specific in
the Danish inventory. The emission factors that are not plant specific ac-
counts for 57 % of the fossil CO, emission.

The CO» emission factors applied for 2009 are presented in Table 3.2.19.
For coal, residual oil, municipal waste, refinery gas and natural gas time-
series have been estimated. For all other fuels the same emission factor
has been applied for 1990-2009.

In reporting for the Climate Convention, the CO; emission is aggregated
to five fuel types: Solid fuel, Liquid fuel, Gas, Biomass and Other fuels.
The correspondence list between the NERI fuel categories and the IPCC
fuel categories is also provided in Table 3.2.19.

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

The CO; emission from incineration of municipal waste (79.6 + 32.5 kg
per GJ) is divided into two parts: The emission from combustion of the
fossil content of the waste, which is included in the national total, and
the emission from combustion of the rest of the waste — the biomass part,
which is reported as a memo item. In the IPCC reporting, the fuel con-
sumption and emissions from the fossil content of the waste is reported
in the fuel category, Other fuels.



Table 3.2.19 CO. emission factors, 2009.

Fuel Emission factor Reference type IPCC fuel
kg per GJ category
Biomass Fossil fuel
Coal, source category 1A1a Public 93.6 " Country specific Solid
electricity and heat production
Coal, Other source categories 94.6% IPCC 1996 Solid
Brown coal briquettes 94.6 IPCC 1996 Solid
Coke oven coke 108 IPCC 1996 Solid
Petroleum coke 92 ¥ Country specific Liquid
Residual oil, source category 1A1a 78.9 " Country specific Liquid
Public electricity and heat production
Residual oil, other source categories 77.4% IPCC 1996 Liquid
Gas oil 74" EEA 2007 Liquid
Kerosene 71.9 IPCC 1996 Liquid
Orimulsion 802 Country specific Liquid
LPG 63.1 IPCC 1996 Liquid
Refinery gas 56.814 Country specific Liquid
Natural gas 56.69 Country specific Gas
Municipal waste 79.6 9% +32.5% Country specific Biomass and
Other fuels
Bio oil 74 Country specific Biomass
Straw 102 EEA 2002 Biomass
Wood 102 EEA 2002 Biomass
Biogas 83.6 Country specific Biomass
Biomass producer gas 142.9° Country specific Biomass

Plant specific data from EU ETS incorporated for individual plants.
Not applied in 2009.
Plant specific data from EU ETS incorporated for cement production.

The emission factor for municipal waste is (76.6+32.5) kg CO. per GJ municipal waste.
The fuel consumption and the CO. emission have been disaggregated to the two IPCC
fuel categories Biomass and Other fuels in CRF. The IEF for CO,, Other fuels is 78.88
kg CO, per GJ fossil municipal waste.

5) Includes a high content of CO- in the gas.

Coal
The emission factor time-series for coal have been recalculated this year
based on the EU ETS data that are now available for 4 years.

As mentioned above!4 EU ETS data have been utilised for the 2006 - 2009
emission inventories. In 2009, the implied emission factor (including oxi-
dation factor) for the power plants using coal was 93.6 kg per GJ. The
implied emission factor values were between 91.9 and 95.0 kg per GJ.

In 2009, only 1 % of the CO, emission from coal consumption was based
on the emission factor, whereas 99 % of the coal consumption was cov-
ered by EU ETS data'>. All coal applied in Denmark is bituminous coal
(DEA 2010d).

The emission factors for coal combustion in source category 1Ala Public
electricity and heat production in the years 2006-2009 refer to the implied
emission factors of the EU ETS data estimated for each year. For the
years 1990-2005, the emission factor for coal in source category 1Al1a Pub-
lic electricity and heat production refer to the average IEF for 2006-2009.

Time-series for lower calorific value (LCV) of coal are available in the

Danish energy statistics. LCV for Electricity plant coal fluctuates in the in-
terval 24.3-25.8 GJ per tonne.

14 CO,, use of EU ETS data
15 Including EU ETS data for cement production.
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The correlation between LCV and CO; IEF (including the oxidation fac-
tor) in the EU ETS data (2006-2009) have analysed and the results are
shown in Annex 3A-10. However, a significant correlation between LCV
and IEF have not been found in the dataset and thus an emission factor
time-series based on the LCV time-series was not relevant. In addition
the correlation of LCV and CO, emission factors have been analysed.
This analysis is also shown in Annex 3A-10. As expected the correlation
was better in this dataset, but still unsuffiecient for estimating a time-
series for the CO; emission factor based on the LCV time-series.

As mentioned above all coal applied in Denmark is bituminous coal and
within the range of coal qualities applied in the plants reporting data to
EU ETS a correlation could not be documented.

For other source categories!®, the applied emission factor 94.6 kg per GJ
refers to IPCC Guidelines (1996). This emission factor has been applied
for all years.

Time-series for the CO, emission factor are shown in Table 3.2.20.

Table 3.2.20 CO; emission factors for coal, time-series.
Year Source category Other source
1A1a Public electricity categories
and heat production

kg per GJ kg per GJ
1990-2005 94.0 94.6
2006 94.4 94.6
2007 94.3 94.6
2008 94.0 94.6
2009 93.6 94.6

Brown coal briquettes

The emission factor for brown coal briquettes, 94.6 kg per GJ, is based on
a default value from the IPCC Guidelines (IPCC 1996) assuming full oxi-
dation. The default value in the IPCC Guidelines is 25.8 t C per TJ, corre-
sponding to 25.8-(12+2-16) /12 = 94.6 kg CO; per GJ assuming full oxida-
tion. The same emission factor has been applied for 1990-2009.

Coke oven coke

The emission factor for coke oven coke, 108 kg per GJ, is based on a de-
fault value from the IPCC Guidelines (IPCC 1996) assuming full oxida-
tion. The default value in the IPCC guidelines is 29.5 t C per TJ, corre-
sponding to 29.5-(12+2-16)/12 = 108 kg CO; per GJ assuming full oxida-
tion. The same emission factor has been applied for 1990-2009.

Petroleum coke

The emission factor for petroleum coke, 92 kg per GJ, has been estimated
by SK Energy (a former major power plant operator in eastern Denmark)
in 1999 based on a fuel analysis carried out by dk-Teknik in 1993 (Bech,
1999). The emission factor level was confirmed by a new fuel analysis,
which, however, is considered confidential. The same emission factor has
been applied for 1990-2009.

16 Not source category 1Ala Public electricity and heat production



Plant specific EU ETS data have been utilised for the cement production
in the 2006 - 2009 emission inventories.

Wood

The emission factor for wood, 102 kg per GJ, refers to Fenhann & Kilde
(1994). The factor is based on the interval stated in a former edition of the
EMEP/CORINAIR Guidebook (EEA 2002) and the actual value is the de-
fault value from the CollectER database. The same emission factor has
been applied for 1990-2009.

Municipal waste

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

The total CO, emission factor for municipal waste refers to a Danish
study (Jergensen & Johansen 2003). Based on emission measurements on
five municipal waste incineration plants the total CO, emission factor for
municipal waste incineration has been determined to 112.1 kg per GJ.

The current disaggregation of the emission factor in a fossil part and a
biomass part has been estimated by a working group to be between 30
and 35 kg CO» per GJ municipal waste (Nielsen 2009). NERI has as-
sumed that the fossil fuel emission factor is 32.5 kg CO. per GJ municipal
waste.

An ongoing project, Biogenic carbon in Danish combustible waste (DTU
2008), will further improve knowledge concerning the disaggregation of
the CO; emission factor in a fossil and a biomass fraction.

The lower calorific value of municipal waste refers to the Danish energy
statistics (DEA 2010b). Time-series for the CO, emission factors have
been based on the assumption that the increasing calorific value of the
waste is a result of the increased fraction of fossil waste since 1990. This
assumption is highly uncertain, but better data are not available at pre-
sent. Table 3.2.21 shows time-series for the CO, emission factors. The
CO; emission from the biomass part is the total CO, emission minus the
CO; emission from the fossil part.

Emission data from four waste incineration plants (Jergensen &
Johansen, 2003) demonstrate the fraction of the carbon content of the
waste not oxidised to be approximately 0.3 %. The un-oxidised fraction
of the carbon content is assumed to originate from the biomass content,
and all carbon originating from fossil part are assumed to be oxidised.
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Table 3.2.21 CO; emission factors for municipal waste, time-series.

Year Lower heating CO, emission CO, emission  CO, emission factor,
value of municipal factor, fossil factor for biomass
waste " municipal waste,
total 2
GJ per Mg waste kg per GJ waste kg per GJ waste kg per GJ waste
1990 8.2 25.4 112.1 86.7
1991 8.2 25.4 112.1 86.7
1992 9.0 27.9 1121 84.2
1993 9.4 29.1 112.1 83.0
1994 9.4 29.1 112.1 83.0
1995 10.0 31.0 112.1 81.1
1996 -2009 10.5 32.5 112.1 79.6
' DEA 2010b.

2 Based on data from Jgrgensen & Johansen (2003).
The composition of the fossil part of the municipal waste has been esti-
mated by NERI. The lower heating values and CO, emission factors for

different plastic types refer to Hulgaard (2003), see Table 3.2.22.

Table 3.2.22 Composition of the fossil part of municipal waste in Denmark.

Plastic type Mass share in Lower heating Energy CO. emis-
municipal waste value of plastic ~ content sion factor
in Denmark of plastic  for plastic
kg plastic per % of GJ pertonne  GJ perton kg per GJ
kg municipal  plastic municipal municipal
waste waste waste
PE 0.058 46 41 2.36 16.3
PS/EPS 0.035 28 37 1.29 10.6
PVC 0.019 15 18 0.34 25
Other (PET, PUR, PC, 0.014 11 24 0.34 3.1
POM, ABS, PA etc.)
Total 0.13 100 34.5 4.33 32.5

Plant specific EU ETS data have been utilised for cement production in
the 2006 - 2009 emission inventories.

Straw
The emission factor for straw, 102 kg per GJ refers to Fenhann & Kilde
(1994). The factor is based on the interval stated in the EMEP/Corinair
Guidebook (EEA 2002) and the actual value is the default value from the
Collecter database. The same emission factor has been applied for 1990-
2009.

Residual oil
The emission factor time-series for residual oil have been recalculated
this year based on the EU ETS data that are now available for 4 years.

As mentioned above!” EU ETS data have been utilised for the 2006 - 2009
emission inventories. In 2009, the implied emission factor (including oxi-
dation factor) for the power plants combusting residual oil was 78.9 kg
per GJ. The implied emission factor values were between 77.3 and 81.418
kg per GJ.

In 2009, 27 % of the CO, emission from residual oil consumption was
based on the emission factor, whereas 73 % of the residual oil consump-
tion was covered by EU ETS data’®.

17.CO,, use of EU ETS data
18 Only one production unit at this high level. All other IEFs are below 79.9 kg per GJ
19 Including EU ETS data for cement production.



The emission factors for residual oil combustion in source category 1A1a
Public electricity and heat production in the years 2006-2009 refer to the im-
plied emission factors of the EU ETS data estimated for each year. For
the years 1990-2005, the emission factor for residual oil in source cate-
gory 1Ala Public electricity and heat production refer to the average IEF for
2006-2009.

For other source categories?, the applied emission factor 77.4 kg per GJ
refers to IPCC Guidelines (1996). This emission factor has been applied
for all years.

Time-series for the CO, emission factor are shown in Table 3.2.23.

Table 3.2.23 CO. emission factors for residual oil, time-series.

Year Source category 1A1a Public Other source

electricity and heat production categories

kg per GJ kg per GJ

1990-2005 78.4 77.4
2006 78.2 77.4
2007 78.1 77.4
2008 78.5 77.4
2009 78.9 77.4
Gas oil

The emission factor for gas oil, 74 kg per GJ, refers to Fenhann & Kilde
(1994). The factor is based on the interval stated in the EMEP/Corinair
Guidebook (EEA 2007). The factor agrees with the IPCC default emission
factor for gas oil (74.1 kg per GJ assuming full oxidation). The CO, emis-
sion factor has been confirmed by the two major power plant operators
in 1996 (Christiansen, 1996 and Andersen, 1996). The same emission fac-
tor has been applied for 1990-2009.

Plant specific EU ETS data have been utilised for an increasing number
of power plant units in the 2006 - 2009 emission inventories. In 2009 the
implied emission factor for the power plants using gas oil was 75.1 kg
per GJ. The EU ETS CO; emission factors for power plants were in the in-
terval 74.9 - 75.2 kg per GJ. In 2009 9 % of the CO, emission from gas oil
consumption was based on EU ETS data?!.

Kerosene

The emission factor for kerosene, 71.9 kg per GJ, refers to IPCC Guide-
lines (IPCC 1996). The same emission factor has been applied for 1990-
2009.

Bio oil
The emission factor is assumed to be the same as for gas oil — 74 kg per
GJ. The consumption of bio oil is below 2 PJ.

Orimulsion

The emission factor for orimulsion, 80 kg per GJ, refers to the Danish En-
ergy Agency (DEA 2010b). The IPCC default emission factor is almost
the same: 80.7 kg per GJ assuming full oxidation. The CO emission fac-
tor has been confirmed by the only major power plant operator using
orimulsion (Andersen 1996). The same emission factor has been applied

20 Not source category 1A1a Public electricity and heat production
21 Including EU ETS data for cement production
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for all years. Orimulsion has not been applied in Denmark in recent
years.

Natural gas, off shore gas turbines

EU ETS data for the fuel consumption and CO; emission for off shore gas
turbines are available for the years 2006-2009. Based on data for each oil-
field implied emission factors have been estimated for 2006-2009. The
average value has been applied for the years 1990-2005. The time-series
is shown in Table 3.2.24.

Table 3.2.24 CO; emission factors for off shore gas turbines, time-series.

Year CO; emission factor, kg per GJ
1990-2005 57.469
2006 57.879
2007 57.784
2008 56.959
2009 57.254

Natural gas, other source categories

The emission factor for natural gas is estimated by the Danish gas trans-
mission company, Energinet.dk?2. Only natural gas from the Danish gas
fields have been utilised in Denmark in 2009. The calculation is based on
gas analysis carried out daily by Energinet.dk. Energinet.dk and the
Danish Gas Technology Centre have calculated emission factors for 2000-
2009. The emission factor applied for 1990-1999 refers to Fenhann &
Kilde (1994). This emission factor was confirmed by the two major power
plant operators in 1996 (Christiansen 1996 and Andersen 1996). Time-
series for the CO; emission factors are provided in Table 3.2.25.

Table 3.2.25 CO; emission factor time-series for natural gas.

Year CO; emission factor, kg per GJ
1990-1999 56.9
2000 571
2001 57.25
2002 57.28
2003 57.19
2004 57.12
2005 56.96
2006 56.78
2007 56.78
2008 56.77
2009 56.69
LPG

The emission factor for LPG, 63.1 kg per GJ, refers to IPCC Guidelines
(IPCC 1996). The same emission factor has been applied for 1990-2009.

Refinery gas

The emission factor applied for refinery gas refer to EU ETS data for the
two refineries in operation in Denmark. Implied emission factors for
Denmark have been estimated annually based on the EU ETS data since
2006. The average implied emission factor (57.6 kg per GJ) for 2006-2009
have been applied for the years 1990-2005. This emission factor is identi-
cal to the emission factor stated in IPCC Guidelines (2006). The time-
series is shown in Table 3.2.26.

22 Former Gastra and before that part of DONG. Historical data refer to these com-
panies.



Table 3.2.26 CO; emission factors for refinery gas, time-series.

Year CO; emission factor, kg per GJ
1990-2005 57.6

2006 57.812

2007 57.848

2008 57.948

2009 56.814

Biogas

In Denmark 3 different types biogas is applied: Manure based biogas,
landfill based biogas and wastewater treatment biogas. Manure based
biogas represent more than 70 % of the consumption (Nielsen et al.
2010).

The emission factor for biogas, 83.6 kg per GJ, is based on a biogas with
65 % (vol.) CH4 and 35 % (vol.) CO». Danish Gas Technology Centre has
stated that this is a typical manure-based biogas as utilised in stationary
combustion plants (Kristensen 2001). The same emission factor has been
applied for 1990-2009.

Biomass producer gas

Biomass procucer gas applied in Denmark is based on wood. The gas
composition is known for three different plants and the applied emission
factor have been estimated by Danish Gas Technology Centre (Kris-
tensen 2010) based on the gas composition measured on the plant that
with the highest consumption.

The consumption of biomass producer gas is below 0.3 PJ all years.

CHg4

The CH,4 emission factors applied for 2009 are presented in Table 3.2.27.
In general, the same emission factors have been applied for 1990-2009.
However, time-series have been estimated for both natural gas fuelled
engines and biogas fuelled engines, residential wood combustion, natu-
ral gas fuelled gas turbines?® and MSW incineration plants?3.

Emission factors for CHP plants < 25 MW, refer to emission measure-
ments carried out on Danish plants (Nielsen et al. 2010; Nielsen & Illerup
2003; Nielsen et al. 2009). The emission factors for residential wood com-
bustion are based on technology distribution data.

Emission factors that are not nationally referenced now all refer to the
IPCC Guidelines (IPCC 1996).

Gas engines combusting natural gas or biogas accounts for more than
half the CH4 emission from stationary combustion plants. The relatively

high emission factor for gas engines is well-documented and further dis-
cussed below.

23 A minor emission source
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Table 3.2.27 CH, emission factors 2009.

Fuel Fuel CRF CRF source category SNAP Emission Reference
group source factor,
category g per GJ
SOLID COAL 1A1a Electricity and heat production 010101 0.9 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, Pulver-
ised Bituminous Combustion, Wet bottom.
010102 0.9 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, Pulver-
ised Bituminous Combustion, Wet bottom.
1A2 Industry 030100 10 IPCC (1996), Tier 2, Table 1-19, Commercial coal
boilers.
1A4b i Residential 020200 300 IPCC (1996), Tier 1, Table 1-7, Residential, coal.
1A4ci Agriculture/ Forestry 020300 10 IPCC (11996), Tier 2, Table 1-19, Commercial coal
boilers.
020304 10 IPCC (1996), Tier 2, Table 1-19, Commercial coal
boilers.”
BROWN COAL BRI. 1A4bi Residential 020200 300 IPCC (1996), Tier 1, Table 1-7, Residential, coal.
COKE OVEN COKE 1A2 Industry 030100 10 IPCC (1996), Tier 2, Table 1-19, Commercial coal
boilers.
1A4bi Residential 020200 300 IPCC (1996), Tier 1, Table 1-7, Residential, coal.
LIQUID PETROLEUM COKE 1A4a Commercial/ Institutional 020100 10 IPCC (1996), Tier 1, Table 1-7, Commercial, oil.
RESIDUAL OIL 1Al1a Electricity and heat production 010101 0.9 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, Resid-
ual fuel oil.
010102 1.3 Nielsen et al. (2010)
010103 1.3 Nielsen et al. (2010)
010104 3 IPCC (1996), Tier 1, Table 1-7, Energy industries, oil.
010105 4 IPCC (1996), Tier 2, Table 1-15, Utility, Large diesel
engines.
010202 0.9 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, Resid-
ual fuel oil.
010203 0.9 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, Resid-
ual fuel oil.
1A1b Petroleum refining 010306 3 IPCC (1996), Tier 1, Table 1-7, Energy industries, oil.
1A2 Industry 030100 1.3 Nielsen et al. (2010)
030102 1.3 Nielsen et al. (2010)
030103 1.3 Nielsen et al. (2010)
1A4da Commercial/ Institutional 020100 1.4 IPCC (1996), Tier 2, Table 1-19, Commercial, resid-
ual fuel oil.
1A4b i Residential 020200 1.4 IPCC (1996), Tier 2, Table 1-18, Residential, residual
fuel oil.
1A4ci Agriculture/ Forestry 020300 1.4 IPCC (19916)3), Tier 2, Table 1-19, Commercial, resid-
ual fuel oil .
020302 1.4 IPCC (1996), Tier 2, Table 1-19, Commercial, resid-
ual fuel oil".
GAS OIL 1A1a Electricity and heat production 010101 0.9 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, distil-
late fuel oil.
010102 0.9 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, distil-
late fuel oil.
010103 0.9 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, distil-
late fuel oil.
010104 3 IPCC (1996), Tier 1, Table 1-7, Energy industries, oil.
010105 24 Nielsen et al. (2010)
010202 0.9 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, distil-
late fuel oil.
010203 0.9 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, distil-
late fuel oil.
1A1b Petroleum refining 010306 3 IPCC (1996), Tier 1, Table 1-7, Energy industries, oil.
1A2 Industry 030100 0.2 IPCC (1996), Tier 2, Table 1-16, Industry, distillate
fuel oil.
030102 0.2 IPCC (1996), Tier 2, Table 1-16, Industry, distillate
fuel oil.
030104 2 IPCC (1996), Tier 1, Table 1-7, Industry, oil.
030105 24 Nielsen et al. (2010)
1Ada Commercial/ Institutional 020100 0.7 IPCC (1996), Tier 2, Table 1-19, Commercial, distil-
late fuel oil.
020103 0.7 IPCC (1996), Tier 2, Table 1-19, Commercial, distil-
late fuel oil.
020105 24 Nielsen et al. (2010)
1A4b i Residential 020200 0.7 IPCC (1996), Tier 2, Table 1-18, Residential, distillate
fuel oil.
020204 24 Nielsen et al. (2010)
KEROSENE 1A2 Industry 030100 0.2 IPCC (1996), Tier 2, Table 1-16, Industry, distillate
fuel oil.
1Ada Commercial/ Institutional 020100 0.7 IPCC (1996), Tier 2, Table 1-19, Commercial, distil-
late fuel oil.
1A4b i Residential 020200 0.7 IPCC (1996), Tier 2, Table 1-18, Residential, distillate
fuel ail.
1A4ci Agriculture/ Forestry 020300 0.7 IPCC (1996), Tier 2, Table 1-19, Commercial, distil-
late fuel oil".
LPG 1Al1a Electricity and heat production 010102 3 IPCC (1996), Tier 1, Table 1-7, Energy Industries, oil.
010203 3 IPCC (1996), Tier 1, Table 1-7, Energy Industries, oil.
1A2 Industry 030100 2 IPCC (1996), Tier 1, Table 1-7, Industry, oil
1Ada Commercial/ Institutional 020100 10 IPCC (1996), Tier 1, Table 1-7, Commercial, oil.
020105 10 IPCC (1996), Tier 1, Table 1-7, Commercial, oil.
1A4b i Residential 020200 1.1 IPCC (1996), Tier 2, Table 1-18, Residiential pro-
pane/butane furnaces.
1A4ci Agriculture/ Forestry 020300 10 IPCC (1996), Tier 1, Table 1-7, Agriculture, oil.

156



Fuel Fuel CRF CRF source category SNAP Emission Reference
group source factor,
category g per GJ

REFINERY GAS 1A1b Petroleum refining 010304 1.7 Assumed equal to natural gas fuelled gas turbines.

Nielsen et al. (2010)
010306 1 Assumed equal to natural gas fuelled plants. IPCC
(1996), Tier 1, Table 1-7, Natural gas
GAS NATURAL GAS 1Al1a Electricity and heat production 010101 0.1 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, natural
gas.
010102 0.1 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, natural
gas.
010103 0.1 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, natural
gas.
010104 1.7 Nielsen et al. (2010)
010105 481 Nielsen et al. (2010)
010202 0.1 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, natural
gas.
010203 0.1 IPCC (1996), Tier 2, Table 1-15, Utility Boiler, natural
gas.
1A1c Other energy industries 010504 1.7 Nielsen et al. (2010)
1A2 Industry 030100 1.4 IPCC (1996), Tier 2, Table 1-16, Industry, natural gas
boilers.
030103 1.4 IPCC (1996), Tier 2, Table 1-16, Industry, natural gas
boilers.
030104 1.7 Nielsen et al. (2010)
030105 481 Nielsen et al. (2010)
030106 1.4 IPCC (1996), Tier 2, Table 1-16, Industry, natural gas
boilers.
1A4da Commercial/ Institutional 020100 1.2 IPCC (1996), Tier 2, Table 1-19, Commercial, natural
gas boilers.
020103 1.2 IPCC (1996), Tier 2, Table 1-19, Commercial, natural
gas boilers.
020105 481 Nielsen et al. (2010)
1A4b i Residential 020200 5 IPCC (1996), Tier 1, Table 1-7, Residential, natural
gas.
020202 5 IPCC (1996), Tier 1, Table 1-7, Residential, natural
gas.
020204 481 Nielsen et al. (2010)
1A4ci Agriculture/ Forestry 020300 1.2 IPCC (1996?, Tier 2, Table 1-19, Commercial, natural
gas boilers”.
020304 481 Nielsen et al. (2010)
WASTE MUNICIP. WASTES 1Al1a Electricity and heat production 010101 0.34 Nielsen et al. (2010)
010102 0.34 Nielsen et al. (2010)
010103 0.34 Nielsen et al. (2010)
010203 0.34 Nielsen et al. (2010)
1A4a Commercial/ Institutional 020103 30 IPCC (1996), Tier 1, Table 1-7, Industry, wastes.
BIOMASS WOOD 1Al1a Electricity and heat production 010102 3.1 Nielsen et al. (2010)
010103 3.1 Nielsen et al. (2010)
010104 3.1 Nielsen et al. (2010)
010203 30 IPCC (1996), Tier 1, Table 1-7, Energy industries,
wood.
1A2 Industry 030100 15 IPCC (1996), Tier 2, Table 1-16, Industry, wood
stoker boilers.
030102 15 IPCC (1996), Tier 2, Table 1-16, Industry, wood
stoker boilers.
030103 15 IPCC (1996), Tier 2, Table 1-16, Industry, wood
stoker boilers.
1Ada Commercial/ Institutional 020100 30 IPCC (1996), Tier 1, Table 1-7, Industry, wood?.
020105 30 IPCC (1996), Tier 1, Table 1-7, Industry, wood?.
1A4b i Residential 020200 154 NERI estimate based on technology distribution 2
020202 154 NERI estimate based on technology distribution 3
020204 154 NERI estimate based on technology distribution ¥
1A4ci Agriculture/ Forestry 020300 30 IPCC (1996), Tier 1, Table 1-7, Industry, wood?.
STRAW 1A1a Electricity and heat production 010101 0.47 Nielsen et al. (2010)
010102 0.47 Nielsen et al. (2010)
010103 0.47 Nielsen et al. (2010)
010104 0.47 Nielsen et al. (2010)
010203 30 IPCC (1996), Tier 1, Table 1-7, Energy industries,
other biomass
1A4b i Residential 020200 300 IPCC (1996), Tier 1, Table 1-7, Residential, other
biomass.
1A4ci Agriculture/ Forestry 020300 300 IPCC (1996), Tier 1, Table 1-7, Agriculture, other
biomass.

BIO OIL 1A1a Electricity and heat production 010105 24 Nielsen et al. (2010) assumed same emission factor

as for gas oil fuelled engines.
010202 0.7 IPCC (1996), Tier 2, Table 1-19, Commercial, distil-
late fuel oil.
010203 0.7 IPCC (1996), Tier 2, Table 1-19, Commercial, distil-
late fuel oil.
1A2 Industry 030105 24 Nielsen et al. (2010) assumed same emission factor
as for gas oil fuelled engines.
1A4b i Residential 020200 0.7 IPCC (1996), Tier 2, Table 1-18, Residentail, distillate
fuel ail.

BIOGAS 1Al1a Electricity and heat production 010102 1 IPCC (1996), Tier 1, Table 1-7, Energy industries,
natural gas. Assumed similar to natural gas (NERI
assumption).

010105 434 Nielsen et al. (2010)
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Fuel Fuel CRF CRF source category SNAP Emission Reference
group source factor,
category g per GJ

010203 1 IPCC (1996), Tier 1, Table 1-7, Energy industries,
natural gas. Assumed similar to natural gas (NERI
assumption).

1A2 Industry 030100 5 IPCC (1996), Tier 1, Table 1-7, Industry, natural gas.
Assumed similar to natural gas (NERI assumption).

030102 5 IPCC (1996), Tier 1, Table 1-7, Industry, natural gas.
Assumed similar to natural gas (NERI assumption).

030103 5 IPCC (1996), Tier 1, Table 1-7, Industry, natural gas.
Assumed similar to natural gas (NERI assumption).

030105 434 Nielsen et al. (2010)

1Ada Commercial/ Institutional 020100 5 IPCC (1996), Tier 1, Table 1-7, Commercial, natural
gas. Assumed similar to natural gas (NERI assump-
tion).

020103 5 IPCC (1996), Tier 1, Table 1-7, Commercial, natural
gas. Assumed similar to natural gas (NERI assump-
tion).

020105 434 Nielsen et al. (2010)

1A4ci Agriculture/ Forestry 020300 5 IPCC (1996), Tier 1, Table 1-7, Agriculture, natural
gas. Assumed similar to natural gas (NERI assump-
tion).

020304 434 Nielsen et al. (2010)

BIO PROD GAS 1A1a Electricity and heat production 010105 13 Nielsen et al. (2010)
1A2 Industry 030105 13 Nielsen et al. (2010)
1) Assumed same emission factors as for commercial plants. Plant capacity and technology are similar for Danish
plants.
2) Assumed same emission factor as for industrial plants. Plant capacity and technology is similar to industrial plants
rather than to residential plants.
3) Aggregated emission factor based on the technology distribution in the sector and technology specific emission
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factors. Technology distribution based on lllerup et al. (2009).

CHP plants

A considerable part of the electricity production in Denmark is based on
decentralised CHP plants, and well-documented emission factors for
these plants are, therefore, of importance. In a project carried out for the
electricity transmission company, Energinet.dk, emission factors for CHP
plants <25MW. have been estimated. The work was reported in 2010
(Nielsen et al. 2010).

The work included MSW incineration plants, CHP plants combusting
wood and straw, natural gas and biogas-fuelled (reciprocating) engines,
natural gas fuelled gas turbines, gas oil fuelled engines, gas oil fuelled
gas turbines, steam turbines fuelled by residual oil and engines fuelled
by biomass producer gas. CHa emission factors for these plants all refer
to Nielsen et al. (2010). The estimated emission factors were based on ex-
isting emission measurements as well as on emission measurements car-
ried out within the project. The number of emission data sets was com-
prehensive. Emission factors for subgroups of each plant type were esti-
mated, e.g. the CHy emission factor for different gas engine types has
been determined.

Time-series for the CHs emission factors are based on a similar project
estimating emission factors for year 2000 (Nielsen & Illerup 2003).

Natural gas, gas engines
SNAP 010105, 030105, 020105, 020204 and 020304

The emission factor for natural gas engines refers to the Nielsen et al.
(2010). The emission factor includes the increased emission during
start/stop of the engines estimated by Nielsen et al. (2009). Emission fac-
tor time-series for the years 1990-2007 have been estimated based on
Nielsen & Illerup (2003). These three references are discussed below.



Nielsen et al. (2010):

CHy emission factors for gas engines were estimated for 2003-2006
and for 2007-2009. The dataset was split in two due to new emission
limits for the engines from October 2006. The emission factors were
based on emission measurements from 366 (2003-2006) and 157
(2007-2009) engines respectively. The engines from which emission
measurements were available for 2007-2009 represent 38 % of the gas
consumption. The emission factors were estimated based on fuel con-
sumption for each gas engine type and the emission factor for each en-
gine type. The majority of emission measurements that were not per-
formed within the project related solely to the emission of total un-
burned hydrocarbon (CHy + NMVOC). A constant disaggregation
factor was estimated based on 9 emission measurements including both
CH4and NMVOC.

Nielsen & Illerup (2003):

The emission factor for natural gas engines was based on 291 emission
measurements in 114 different plants. The plants from which emission
measurements were available represented 44 % of the total gas con-
sumption in gas engines in year 2000.

Nielsen et al. (2009):

This study calculated a start/stop correction factor. This factor was
applied to the time-series estimated in Nielsen & Illerup (2003). Fur-
ther the correction factors were applied in Nielsen et al. (2010).

The emission factor for lean-burn gas engines is relatively high, espe-
cially for pre-chamber engines, which account for more than half the gas
consumption in Danish gas engines. However, the emission factors for
different pre-chamber engine types differ considerably.

The installation of natural gas engines in decentralised CHP plants in
Denmark has taken place since 1990. The first engines installed were
relatively small open-chamber engines but later mainly pre-chamber en-
gines were installed. As mentioned above, pre-chamber engines have a
higher emission factor than open-chamber engines; therefore, the emis-
sion factor has increased during the period 1990-1995. After that techni-
cal improvements of the engines have been implemented as a result of
upcoming emission limits that most installed gas engines had to meet in
late 2006 (MST 2005).

The time-series were based on:

e Full load emission factors for different engine types in year 2000
(Nielsen & Illerup 2003), 2003-2006 and 2007-2009 (Nielsen et al.
2010).

e Data for year of installation for each engine and fuel consumption of
each engine 1994-2002 from the Danish Energy Agency (DEA 2003).

e Research concerning the CHy emission from gas engines carried out
in 1997 (Nielsen & Wit, 1997).

e Correction factors including increased emission during start/stop of
the engines (Nielsen et al. 2009).
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Table 3.2.28 Time-series for the CH. emission factor for natural gas fuelled engines.

Year Emission factor,
g per GJ
1990 266
1991 309
1992 359
1993 562
1994 623
1995 632
1996 616
1997 551
1998 542
1999 541
2000 537
2001 522
2002 508
2003 494
2004 479
2005 465
2006 473
2007 481
2008 481
2009 481

Gas engines, biogas
SNAP 010105, 030105, 020105 and 020304

The emission factor for biogas engines was estimated to 434 g per GJ in
. The emission factor is lower than the factor for natural gas, mainly
because most engines are lean-burn open-chamber engines - not pre-

2009

chamber engines.

Time-series for the emission factor have been estimated. The emission
factors for biogas engines were based on Nielsen et al. (2010) and Nielsen
& Illerup (2003). The two references are discussed below. The time-series

are shown in Table 3.2.29.

Nielsen et al. (2010):

CHy emission factors for gas engines were estimated for 2006 based

on emission measurements performed in 2003-2009. The emission
factor was based on emission measurements from 10 engines. The en-
gines from which emission measurements were available represent 8
% of the gas consumption. The emission factor was estimated based
on fuel consumption for each gas engine type and the emission factor
for each engine type. The majority of emission measurements that
were not performed within the project related solely to the emission of
total unburned hydrocarbon (CHs + NMVOC). A constant disaggre-
gation factor was estimated based on 3 emission measurements in-
cluding both CHy and NMVOC.

Nielsen & Illerup (2003):

The emission factor for natural gas engines was based on 18 emission
measurements from 13 different engines. The engines from which
emission measurements were available represented 18 % of the total
biogas consumption in gas engines in year 2000.



Table 3.2.29 Time-series for the CH4 emission factor for biogas fuelled engines.
Year Emission factor,

g per GJ
1990 239
1991 251
1992 264
1993 276
1994 289
1995 301
1996 305
1997 310
1998 314
1999 318
2000 323
2001 342
2002 360
2003 379
2004 397
2005 416
2006 434
2007 434
2008 434
2009 434

Gas turbines, natural gas
SNAP 010104, 010504 and 030104

The emission factor for gas turbines was estimated to be below 1.7 g per
GJ in 2005 (Nielsen et al. 2010). The emission factor was based on emis-
sion measurements on five plants. The emission factor in year 2000 was
1.5 g per GJ (Nielsen & Illerup 2003). A time-series have been estimated.

CHP, wood
SNAP 010102 and, 010103 and 010104

The emission factor for CHP plants combusting wood was estimated to
be below 3.1 g per GJ (Nielsen et al. 2010) and the emission factor 3.1 g
per GJ has been applied for all years. The emission factor was based on
emission measurements on two plants.

CHP, straw
SNAP 010101, 010102, 010103 and 010104

The emission factor for CHP plants combusting straw was estimated to
be below 0.47 g per GJ (Nielsen et al. 2010) and the emission factor 0.47 g
per GJ has been applied for all years. The emission factor was based on
emission measurements on four plants.

CHP, municipal waste
SNAP 010101, 010102 and 010103

The emission factor for CHP plants combusting municipal waste was es-
timated to be below 0.34 g per GJ in 2006 (Nielsen et al. 2010) and 0.59 g
per GJ in year 2000 (Nielsen & Illerup 2003). A time-series have been es-
timated. The emission factor was based on emission measurements on
nine plants.

The emission factor have also been applied for district heating plants.
Residential wood combustion
The emission factor for residential wood combustion is based on tech-

nology specific data. The emission factor time-series is shown in Table
3.2.30.
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Table 3.2.30 CH4 emission factor time-series for residential wood combustion.

Year Emission factor,
g per GJ
1990-2000 243
2001 217
2002 206
2003 204
2004 202
2005 193
2006 186
2007 184
2008 169
2009 154

The emission factor for each technology and the corresponding reference
are shown in Table 3.2.31. The emission factor time-series are estmated
based on time-series (2000-2009) for wood consumption in each technol-
ogy (Illerup et al. 2009). The time-series for wood consumption in the ten
different technologies are illustrated in Figure 3.2.40. The consumption
in pellet boilers and new stoves has increased.

Table 3.2.31 Technology specific CH4 emission factors for residential wood combustion.

Technology Emission Reference
factor, g pr GJ
Old iron stoves, wood logs 430 Paulrud et al. (2005)
New iron stoves, wood logs 350 NERI assumption.
Moderns iron stoves, wood logs 50 Assumed equal to modern manually
fed boilers.
Ecolabbeled stove, woodlogs 2 Olsson & Kjallstrand (2005)
Other stoves 430 Assumed equal to old iron stoves.
Old manually fed boilers with accumulator tank 211 Paulrud et al. (2005)
Old manually fed boilers without accumulator tank 256 Paulrud et al. (2005)
Modern manually fed boilers with accumulator tank 50 Johansson et al (2004)
Modern manually fed boilers without accumulator tank 50 Johansson et al (2004)
Pellet boilers 3 Paulrud et al. (2005)
Other boilers 430 Assumed equal to old iron stoves.
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Figure 3.2.40 Technology specific wood consumption in residential plants.



Other stationary combustion plants
Emission factors for other plants refer to the IPCC Guidelines (IPCC
1996).

N20O

The N>O emission factors applied for the 2009 inventory are listed in Ta-
ble 3.2.32. Time-series have been estimated for natural gas fuelled gas
turbines. All other emission factors have been applied unchanged for
1990-2009.

Emission factors for natural gas fuelled reciprocating engines, natural
gas fuelled gas turbines, CHP plants < 300 MW combusting wood, straw
or residual oil, MSW incineration plants, engines fuelled by gas oil and
gas engines fuelled by biomass producer gas all refer to emission meas-
urements carried out on Danish plants, Nielsen et al. (2010).

The emission factor for coal-powered plants in public power plants re-
fers to research conducted by Elsam (now part of DONG Energy). The
emission factor for off-shore gas turbines refer to the Danish study con-
cerning CHP plants (Nielsen & Illerup 2003).

All emission factors that are not nationally referenced now refer to the
IPCC Guidelines (IPCC 1996).
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Table 3.2.32 N>O emission factors 1990-2009.

Fuel Fuel CRF CRF source category SNAP Emission|Reference
group source factor,
catego- g per GJ
ry
SOLID |COAL 1Al1a Electricity and heat production |010101 0.8|Elsam (2005)
010102 0.8|Elsam (2005)
1A2 Industry 030100 1.4|IPCC (1996), Tier 1, Table 1-8, Industry, coal
1A4bi |Residential 020200 1.4|IPCC (1996), Tier 1, Table 1-8, Residential, coal
1A4ci |Agriculture/ Forestry 020300 1.4|IPCC (1996), Tier 1, Table 1-8, Commerdial, coal
020304 1.4|IPCC (1996), Tier 1, Table 1-8, Commerdial, coal
BROWN COAL BRI. |1A4bi |Residential 020200 1.4|IPCC (1996), Tier 1, Table 1-8, Residential, coal
COKE OVEN COKE |1A2 Industry 030100 1.4|IPCC (1996), Tier 1, Table 1-8, Industry, coal
1A4bi |Residential 020200 1.4|IPCC (1996), Tier 1, Table 1-8, Residential, coal
LIQUID |PETROLEUM COKE |1A4a Commercial/ Institutional 020100 0.6|IPCC (1996), Tier 1, Table 1-8, Commercial, oil
RESIDUAL OIL 1A1a Electricity and heat production |[010101 0.3|IPCC (1996), Tier 2, Table 1-15, Utility, residual fuel oil
010102 5|Nielsen et al. (2010)
010103 5|Nielsen et al. (2010)
010104 0.6|IPCC (1996), Tier 1, Table 1-8, Energy industries, oil
010105 0.6|IPCC (1996), Tier 1, Table 1-8, Energy industries, oil
010202 0.3|IPCC (1996), Tier 2, Table 1-15, Utility, residual fuel oil
010203 0.3|IPCC (1996), Tier 2, Table 1-15, Utility, residual fuel oil
1A1b Petroleum refining 010306 0.6|IPCC (1996), Tier 1, Table 1-8, Energy industries, oil
1A2 Industry 030100 5|Nielsen et al. (2010)
030102 5|Nielsen et al. (2010)
030103 5|Nielsen et al. (2010)
1A4a Commercial/ Institutional 020100 0.3|IPCC (1996), Tier 2, Table 1-19, Commercial, fuel oil
1A4bi |Residential 020200 0.6|IPCC (1996), Tier 1, Table 1-8, Residential, oil
1A4ci |Agriculture/ Forestry 020300 0.3|IPCC (1996), Tier 2, Table 1-19, Commercial, fuel oil
020302 0.3|IPCC (1996), Tier 2, Table 1-19, Commercial, fuel oil
GAS OIL 1Ala Electricity and heat production (010101 0.4|IPCC (1996), Tier 2, Table 1-15, Utility, distillate fuel oil
010102 0.4|IPCC (1996), Tier 2, Table 1-15, Utility, distillate fuel oil
010103 0.4|IPCC (1996), Tier 2, Table 1-15, Utility, distillate fuel oil
010104 0.6|IPCC (1996), Tier 1, Table 1-8, Energy industries, oil
010105 2.1|Nielsen et al. (2010)
010202 0.4|IPCC (1996), Tier 2, Table 1-15, Utility, distillate fuel oil
010203 0.4|IPCC (1996), Tier 2, Table 1-15, Utility, distillate fuel oil
1A1b Petroleum refining 010306 0.6|IPCC (1996), Tier 1, Table 1-8, Energy industries, oil
1A2 Industry 030100 0.4|IPCC (1996), Tier 2, Table 1-16, Industry, distillate fuel oil
boilers
030102 0.4|IPCC (1996), Tier 2, Table 1-16, Industry, distillate fuel oil
boilers
030104 0.6|IPCC (1996), Tier 1, Table 1-8, Industry, oil
030105 2.1|Nielsen et al. (2010)
1Ada Commercial/ Institutional 020100 0.4|IPCC (1996), Tier 2, Table 1-19, Commercial, distillate fuel
oil
020103 0.4|IPCC (1996), Tier 2, Table 1-19, Commercial, distillate fuel
oil
020105 2.1|Nielsen et al. (2010)
1A4bi |Residential 020200 0.6{IPCC (1996), Tier 1, Table 1-8, Residential, oil
020204 2.1|Nielsen et al. (2010)
KEROSENE 1A2 Industry 030100 0.4|IPCC (1996), Tier 2, Table 1-16, Industry, distillate fuel oil
boilers
1Ada Commercial/ Institutional 020100 0.4|IPCC (1996), Tier 2, Table 1-19, Commercial, distillate fuel
oil
1A4bi |Residential 020200 0.6|IPCC (1996), Tier 1, Table 1-8, Residential, oil
1A4ci |Agriculture/ Forestry 020300 0.4|IPCC (1996), Tier 2, Table 1-19, Commercial, distillate fuel
oil
LPG 1Al1a Electricity and heat production (010102 0.6|IPCC (1996), Tier 1, Table 1-8, Energy industries, oil
010203 0.6|IPCC (1996), Tier 1, Table 1-8, Energy industries, oil
1A2 Industry 030100 0.6|IPCC (1996), Tier 1, Table 1-8, Industry, oil
1Ada Commercial/ Institutional 020100 0.6{IPCC (1996), Tier 1, Table 1-8, Commercial, oil
020105 0.6|IPCC (1996), Tier 1, Table 1-8, Commercial, oil
1A4bi |Residential 020200 0.6|IPCC (1996), Tier 1, Table 1-8, Residential, oil
1A4ci  |Agriculture/ Forestry 020300 0.6|IPCC (1996), Tier 1, Table 1-8, Agriculture, oil
REFINERY GAS 1A1b Petroleum refining 010304 1|Assumed equal to natural gas fuelled turbines. Based on
Nielsen et al. (2010).
010306 0.1|IPCC (1996), Tier 1, Table 1-8, Energy industries, natural
gas
GAS NATURAL GAS 1Ala Electricity and heat production (010101 0.1{IPCC (1996), Tier 1, Table 1-8, Energy industries, natural
gas
010102 0.1|IPCC (1996), Tier 1, Table 1-8, Energy industries, natural
gas
010103 0.1|IPCC (1996), Tier 1, Table 1-8, Energy industries, natural
gas
010104 1|Nielsen et al. (2010)
010105 0.58|Nielsen et al. (2010)
010202 0.1|IPCC (1996), Tier 1, Table 1-8, Energy industries, natural
gas
010203 0.1|IPCC (1996), Tier 1, Table 1-8, Energy industries, natural
gas
1A1c__ |Other energy industries 010504 2.2[Nielsen & lllerup (2003) @
1A2 Industry 030100 0.1|IPCC (1996), Tier 1, Table 1-8, Industry, natural gas
030103 0.1|IPCC (1996), Tier 1, Table 1-8, Industry, natural gas
030104 1|Nielsen et al. (2010)
030105 0.58|Nielsen et al. (2010)
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Fuel Fuel CRF CRF source category SNAP Emission|Reference
group source factor,
catego- g per GJ
ry
030106 0.1|IPCC (1996), Tier 1, Table 1-8, Industry, natural gas
1Ada Commercial/ Institutional 020100 2.3|IPCC (1996), Tier 2, Table 1-19, Commercial, natural gas
boilers
020103 2.3|IPCC (1996), Tier 2, Table 1-19, Commercial, natural gas
boilers
020105 0.58|Nielsen et al. (2010)
1A4bi |Residential 020200 0.1|IPCC (1996), Tier 1, Table 1-8, Residential, natural gas
020202 0.1|IPCC (1996), Tier 1, Table 1-8, Residential, natural gas
020204 0.58|Nielsen et al. (2010)
1A4ci |Agriculture/ Forestry 020300 2.3|IPCC (1996), Tier 2, Table 1-19, Commercial, natural gas
boilers
020304 0.58|Nielsen et al. (2010)
WASTE |MUNICIP. WASTES |1A1a Electricity and heat production |010101 1.2|Nielsen et al. (2010)
010102 1.2|Nielsen et al. (2010)
010103 1.2|Nielsen et al. (2010)
010203 1.2|Nielsen et al. (2010)
1A4a Commercial/ Institutional 020103 4|IPCC (1996), Tier 1, Table 1-8, Commercial, wastes
BIO- WOOD 1Ala Electricity and heat production (010102 0.8(Nielsen et al. (2010)
MASS
010103 0.8|Nielsen et al. (2010)
010104 0.8|Nielsen et al. (2010)
010203 4|IPCC (1996), Tier 1, Table 1-8, Energy industries, wood
1A2 Industry 030100 4|IPCC (1996), Tier 1, Table 1-8, Industry, wood
030102 4|IPCC (1996), Tier 1, Table 1-8, Industry, wood
030103 4|IPCC (1996), Tier 1, Table 1-8, Industry, wood
1A4a Commercial/ Institutional 020100 4|IPCC (1996), Tier 1, Table 1-8, Commercial, wood
020105 4|IPCC (1996), Tier 1, Table 1-8, Commercial, wood
1A4bi |Residential 020200 4[IPCC (1996), Tier 1, Table 1-8, Residential, wood
020202 4(IPCC (1996), Tier 1, Table 1-8, Residential, wood
020204 4[IPCC (1996), Tier 1, Table 1-8, Residential, wood
1A4ci  |Agriculture/ Forestry 020300 4|IPCC (1996), Tier 1, Table 1-8, Agriculture, wood
STRAW 1Al1a Electricity and heat production |010101 1.1|Nielsen et al. (2010)
010102 1.1|Nielsen et al. (2010)
010103 1.1|Nielsen et al. (2010)
010104 1.1|Nielsen et al. (2010)
010203 4|IPCC (1996), Tier 1, Table 1-8, Energy industries, other
biomass
1A4bi |Residential 020200 4|IPCC (1996), Tier 1, Table 1-8, Residential, other biomass
1A4ci  |Agriculture/ Forestry 020300 4|IPCC (1996), Tier 1, Table 1-8, Agriculture, other biomass
BIO OIL 1Al1a Electricity and heat production |010105 2.1|Assumed equal to gas oil. Based on Nielsen et al. (2010)
010202 0.4|IPCC (1996), Tier 2, Table 1-15, Utility, distillate fuel oil
010203 0.4|IPCC (1996), Tier 2, Table 1-15, Utility, distillate fuel oil
1A2 Industry 030105 2.1|Assumed equal to gas oil. Based on Nielsen et al. (2010)
1A4bi |Residential 020200 0.6/IPCC (1996), Tier 1, Table 1-8, Residential, oil
BIOGAS 1Al1a Electricity and heat production |010102 0.1|IPCC (1996), Tier 1, Table 1-8, Energy industries, natural
gas
010105 1.6|Nielsen et al. (2010)
010203 0.1|IPCC (1996), Tier 1, Table 1-8, Energy industries, natural
gas
1A2 Industry 030100 0.1|IPCC (1996), Tier 1, Table 1-8, Industry, natural gas
030102 0.1|IPCC (1996), Tier 1, Table 1-8, Industry, natural gas
030103 0.1|IPCC (1996), Tier 1, Table 1-8, Industry, natural gas
030105 1.6/Nielsen et al. (2010)
1A4a Commercial/ Institutional 020100 0.1|IPCC (1996), Tier 1, Table 1-8, Commercial, natural gas
020103 0.1|IPCC (1996), Tier 1, Table 1-8, Commercial, natural gas
020105 1.6/Nielsen et al. (2010)
1A4ci |Agriculture/ Forestry 020300 0.1|IPCC (1996), Tier 1, Table 1-8, Agriculture, natural gas
020304 1.6|Nielsen et al. (2010)
BIO PROD GAS 1Al1a Electricity and heat production |010105 2.7|Nielsen et al. (2010)
1A2 Industry 030105 2.7|Nielsen et al. (2010)

1) In Denmark plants in Agriculture/Forestry are similar to Commercial plants.
2) The emission factor 1 g/GJ, referring to Nielsen et al. (2010), will be applied in the next inventory.

S0O,, NO,, NMVOC and CO
Emission factors for SO,, NOx, NMVOC and CO are listed in Annex 3A-

4. The appendix includes references and time-series.
The emission factors refer to:

e The EMEP/CORINAIR Guidebook (EEA, 2007 and EEA, 2009).

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

e Danish legislation:
e Miljestyrelsen, 2001 (Danish Environmental Protection Agency).
e Miljestyrelsen, 1990 (Danish Environmental Protection Agency).

165



166

e Danish research reports including:
e Two emission measurement programs for decentralised CHP
plants (Nielsen et al. 2010; Nielsen & Illerup, 2003).
e Research and emission measurements programs for biomass fu-
els:
* Nikolaisen et al. (1998).
» Jensen & Nielsen (1990).
* Serup et al. (1999).
» Christiansen et al. (1997).
e Research and environmental data from the gas sector:
* Gruijthuijsen & Jensen (2000).
* Danish Gas Technology Centre (DGC) (2001).
» Wit & Andersen (2003).

e Aggregated emission factors for residential wood combustion based
on technology distribution (Illerup et al. 2007) and technology spe-
cific emission factors (EEA 2009; DEPA 2010).

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

e Calculations based on plant-specific emission data from a consider-
able number of municipal waste incineration plants. These data refer
to annual environmental reports published by plant operators.

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

e Additional personal communication.

The emission factors for NMVOC that are not nationally referenced have
been updated according to EEA (2009).

Emission factor time-series have been estimated for a considerable num-
ber of the emission factors. These are provided in Annex 3A-4.

Disaggregation to specific industrial subcategories

The national statistics, on which the emission inventories are based, do
not include a direct disaggregation to specific industrial subsectors.
However, separate national statistics from Statistics Denmark include a
disaggregation to industrial subsectors. This part of the energy statistics
is also included in the official energy statistics from the DEA.

Every other year Statistics Denmark collects fuel consumption data for
all industrial companies of a considerable size. The deviation between
the total fuel consumption from the DEA and the data collected by Statis-
tics Denmark is rather small. Thus, the disaggregation to industrial sub-
sectors available from Statistics Denmark can be applied for estimating
disaggregation keys for fuel consumption and emissions.

The industrial fuel consumption is considered in three aspects:

e Fuel consumption for transport. This part of the fuel consumption is
not disaggregated to the industrial subcategories.

e Fuel consumption applied in power or district heating plants. Dis-
aggregation of fuel and emissions is plant specific.

e Fuel consumption for other purposes. The total fuel consumption
and the total emissions are disaggregated to industrial subcatego-
ries.



All pollutants included in the Climate Convention reporting have been
disaggregated to industrial subcategories.

The IEF for CO; in cement production fluctuates. For 2006-2009, detailed
data are available from the EU ETS reporting and the fluctuations are a
result of changing fuel types. Due to insufficient plant specific data for
the applied waste fractions in 1990-2005, the CO emission factor for fuel
category Other fuels (waste) is assumed equal to the emission factor for
waste incineration in CHP plants. This is further documented and
discussed in Chapter 4.2.2.

3.2.6 Uncertainty

Uncertainty estimates include uncertainty with regard to the total emis-
sion inventory as well as uncertainty with regard to trends.

Methodology

Greenhouse gases

The uncertainty for GHG emissions have been estimated according to
the IPCC Good Practice Guidance (IPCC 2000). The uncertainty has been
estimated by two approaches; tier 1 and a tier 2. Both approaches are fur-
ther described in the NIR Chapter 1.7.

The tier 1 approach is based on a normal distribution and a confidence
interval of 95 %.

The input data for the tier 1 approach are:

e Emission data for the base year and the latest year.
e Uncertainties for emission factors
e Uncertainty for fuel consumption rates.

The emission source categories applied are listed in Table 3.2.33.

The tier 2 approach is a Monte Carlo approach based on a lognormal dis-
tribution. The input data for the model is also based on 95 % confidence
interval. The input data for the tier 2 approach are:

e Fuel consumption data for the base year and the latest year.

e Emission factors or implied emission factors (IEF) for the base year
and the latest year

e Uncertainties for emission factors for the base year and the latest
year. If the same uncertainty is applied for both years the data can be
indicated as statistically dependent or independent.

e Uncertainties for fuel consumption rates in the base year and the lat-
est year. If the same uncertainty is applied for both years the data can
be indicated as statistically dependent or independent.

The same emission source categories and emission data have been ap-
plied for both approaches. The separate uncertainty estimation for gas
engine CHy emission and CHy emission from other plants does not fol-
low the recommendations in the IPCC Good Practice Guidance. Disag-
gregation is applied, because in Denmark the CHy emission from gas en-
gines is much larger than the emission from other stationary combustion
plants, and the CHi emission factor for gas engines is estimated with a
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much smaller uncertainty level than for other stationary combustion
plants.

In general, the same uncertainty levels have been applied for both ap-
proaches. However, the tier 2 approach allows different uncertainty lev-
els for 1990 and 2009 and this is relevant to a few uncertainties as dis-
cussed below. The 2009 uncertainty levels have been applied in the tier 1
approach.

Most of the applied uncertainty estimates for activity rates and emission
factors are default values from the IPCC Reference Manual or aggre-
gated by NERI based on the default values. Some of the uncertainty es-
timates are, however, based on national estimates.

In general the uncertainty of the fuel consumption data have been as-
sumed to be the same in 1990 and 2009 and the uncertainty has been as-
sumed to be statistically independent. However, a considerable part of
the residential wood consumption is non-traded and the uncertainty of
biomass consumption has been assumed statistically dependent.

Fuel consumption data for waste are more uncertain for 1990 than for
2009.

For coal and refinery gas combustion the uncertainty of the CO, emission
factor is lower in 2009 than in 1990 due to availability of EU ETS data.
Further the CO; emission factor for the fossil part of municipal waste is
less uncertain for 2009 than for 1990.

The uncertainty of the CH4 emission factors for gas engines have been
assumed higher in 1990 than in 2009 due to the emission measurement
programmes on which the emission factors in later years are based.

All other uncertainty levels for emission factors have been assumed
equal in 1990 and 2009 and statistically dependent.



Table 3.2.33 Uncertainty rates for fuel consumption and emission factors, 2009.

IPCC Source category Gas Fuel consumption Emission factor
uncertainty, % uncertainty, %
1990 2009 1990 2009
Stationary Combustion, Coal, CO» CO: 0.9%? 0.9%" 4™ 1.17
Stationary Combustion, BKB, CO; CO» 2.9%? 3.0% 5"
Stationary Combustion, Coke, CO; CO» 1.8%>2) 2.0%° 5"
Stationary Combustion, Fossil waste, CO CO; 4.4%> 4.8%” 35° 25°
Stationary Combustion, Petroleum coke, CO;  CO; 1.7%>2 2.0% 5"
Stationary Combustion, Residual oil, CO» CO» 1.2%>2) 0.9%° 2% 27
Stationary Combustion, Gas oil, CO» CO; 2.9% 2.5%2) 419
Stationary Combustion, Kerosene, CO» CO; 3.0%? 2.6%2 5"
Stationary Combustion, LPG, CO; CO» 1.7%>2 2.2%? 5"
Stationary Combustion, Refinery gas, CO CO» 1.0%2 1.0%>2 5" 2'2
Stationary Combustion, Natural gas, CO, CO; 1.2%” 1.0%? 0.4%
Stationary Combustion, SOLID, CH, CH, 0.9%? 1.0%? 100"
Stationary Combustion, LIQUID, CH,4 CH, 1.5%2) 1.1%2 100"
Stationary Combustion, GAS, CH, CH, 1.0%°) 1.0%° 100"
Natural gas fuelled engines, GAS, CH, CH, 1.0%” 1.0%Y 10" 2%
Stationary Combustion, WASTE, CH, CH, 10.0%” 5.0%" 100"
Stationary Combustion, BIOMASS, CH, CH, 19.8%>2 100"
Biogas fuelled engines, BIOMASS, CH, CH, 0.0%? 3.7%2 20" 10"
Stationary Combustion, SOLID, N2O NoO 0.9% 1.0%? 08 1)
Stationary Combustion, LIQUID, N2O N-O 1.5%2) 1.1%2 1000" ¥
Stationary Combustion, GAS, N,O N>O 1.0%°) 1.0%° 750919
Stationary Combustion, WASTE, N,O NoO 10.0%” 5.0%° 40091
Stationary Combustion, BIOMASS, N»O NoO 19.8%° 40091

1) IPCC Good Practice Guidance, default value (IPCC 2000).

2) Estimated by NERI based on default uncertainty levels in IPCC Good Practice Guidance, Table 2.6
(IPCC 2000).

3) Jorgensen et al. (2010). Uncertainty data for NMVOC + CHa.

4) Jensen & Lindroth (2002).

5) Estimated by NERI based on ongoing work, biogenic carbon in waste (Nielsen 2009).

6) NERI, rough estimate based on a default value of 400 % when the emission factor is based on emis-
sion measurements from plants in Denmark.

7) NERI calculation based on EU ETS data.

8) Lindgren (2010). Personal communication, Tine Lindgren, Energinet.dk, e-mail 2010-03-16.

9) Equal to natural gas total. NERI assumption.

10) NERI assumption based on EU ETS data interval and IPCC Guidelines (IPCC 1996) data interval.

11) NERI estimate based on Nielsen et al. (2010).

12) NERI assumption based on the fact that data are based on EU ETS data.

13) With a truncation of twice the uncertainty rate. The truncation is relevant for the very large uncertainty

rates for NoO emission factors due to the log-normal distribution applied in the tier 2 model.

Other pollutants

With regard to other pollutants, IPCC methodologies for uncertainty es-
timates have been adopted for the LRTAP Convention reporting activi-
ties (Pulles & Aardenne, 2003). The Danish uncertainty estimates are
based on the simple Tier 1 approach.

The uncertainty estimates are based on emission data for the base year
and year 2009 as well as on uncertainties for fuel consumption and emis-
sion factors for each of the main SNAP source categories. The applied
uncertainties for activity rates and emission factors are default values re-
ferring to Pulles & Aardenne (2003). The default uncertainties for emis-
sion factors are given in letter codes representing an uncertainty range. It
has been assumed that the uncertainties were in the lower end of the
range for all sources and pollutants. The applied uncertainties for emis-
sion factors are listed in Table 3.2.34. The uncertainty for fuel consump-
tion in stationary combustion plants is assumed to be 2 %.
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Table 3.2.34 Uncertainty rates for emission factors, %.
SNAP source SO, NOy NMVOC CcO

category
01 10 20 50 20
02 20 50 50 50
03 10 20 50 20
Results

The tier 1 uncertainty estimates for stationary combustion emission in-
ventories are shown in Table 3.2.35. Detailed calculation sheets are pro-
vided in Annex 3A-7. The tier 2 uncertainty estimates are shown in Table
3.2.36 and detailed results are provided in Annex 3A-7.

The tier 1 uncertainty interval for GHG is estimated to be +2.1 % and
trend in GHG emission is -16.8 % + 1.3 %-age points. The main sources of
uncertainty for GHG emission 2009 are the CO, emission from the fossil
part of municipal waste, the CO, emission from coal combustion and the
N20 emission from biomass and gas combustion. The main source of un-
certainty in the trend in GHG emission is also CO, emission from the
combustion of coal and municipal waste and N>O emission from bio-
mass and gas combustion.

The total emission uncertainty is 7.8 % for SOz, 16 % for NOx, 44 % for
NMVOC and 43 % for CO.

The tier 1 and tier 2 approaches points out the same emission source
categories as main contributors to the total uncertainty for GHG emis-

sion from stationary combustion.

Table 3.2.35 Danish uncertainty estimates, tier 1 approach, 2009.

Pollutant  Uncertainty Trend Uncertainty

Total emission, 1990-2009, trend,

% % %-age points

GHG +2.1 -16.8 +1.3
CO» +1.3 -17.6 +1.0
CH,4 +40 +201 +141
N-O +258 +15.4 +239
SO, +7.8 -93 +0.4
NOy +16 -63 +2.6
NMVOC +44 +31 +6.9
CcO +43 +3 +3.2

Table 3.2.36 Danish uncertainty estimates, tier 2 approach, 2009.

Pollutant Uncertainty Trend Uncertainty
of total emission, 1990-2009, of trend,
% % %-age points
GHG -1.6% 2.2% -16.7% -2.9% +2.8%
CO» -1.2% 1.4% -17.7% -2.9% +2.8%
CH,4 -24% 62% +198% -23% +53%
N.O -73% 188% +10.8% -125% +118%

The results are illustrated and compared in figure 3.2.41. The uncertain-
ties are in the same level for each pollutant. The emission data shown for
the tier 1 approach are the CRF emission data. The tier 2 emission levels
are median values based on the Monte Carlo approach.
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Figure 3.2.41 Uncertainty level, the two approaches are compared for 2009.

3.2.7 Source specific QA/QC and verification

A QA/QC plan for the Danish emission inventories has been imple-
mented. The quality manual (Serensen et al. 2005) describes the concepts
of quality work and definitions of sufficient quality, critical control
points and a list of Point for Measuring (PM). Please see the general chap-
ter on QA /QC. Source specific QA /QC is discussed below. The work on
expanding the QC will be ongoing in future years.

Documentation concerning verification of the Danish emission invento-
ries has been published by Fauser et al. (2007). The reference approach
for the energy sector is shown is shown in Chapter 3.4.

Previous updates of the sector report for stationary combustion (Nielsen

et al. 2010) has been reviewed by external Danish experts in 2005, 2007
and 2009.
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Data storage, level 1

Table 3.2.37 List of external data sources.

Dataset Description AD or Emf. Reference Contact(s) Data agreement/
Comment
Energiproducentteellingen.xls Data set for all Activity data The Danish Energy Peter Dal Data agreement
electricity and heat Agency (DEA) in place
producing plants.
Gas consumption for gas en- Activity data The Danish Energy Peter Dal No data agreement.
gines and gas turbines 1990- Agency (DEA) Historical data
1994
Basic data (Grunddata.xls) Data set used for Activity data The Danish Energy Peter Dal Not necessary. Pub-
IPCC reference Agency (DEA) lished as part of na-
approach tional energy statistics
Energy statistics The Danish energy Activity data The Danish Energy Peter Dal Data agreement
statistics on SNAP Agency (DEA) in place
level
SO, & NOy data, plants>25 MW, Emissions ~ The Danish Energy Rasmus Sgrensen No data agreement
Agency (DEA) in place
Emission factors Emission factors Emission See chapter re-
stems from a large  factors garding emission
number of sources factors
Annual environmental reports/  Emissions from Emissions Various plants No data agreement
environmental data plants defined as necessary.
large point sources Plants are obligated
by law.
EU ETS data Plant specific CO,  Emission The Danish Energy Dorte Maimann Plants are obligated by
emission factors factors Agency (DEA) Helen Falster law. The availability of
detailed information is
part of the renewed
data agreement with
DEA.
Data Storage |1. Accuracy DS.1.1.1 |General level of uncertainty for every dataset
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level 1 including the reasoning for the specific values

Since the DEA are responsible for the official Danish energy statistics as
well as reporting to the IEA, NERI regards the data as being complete
and in accordance with the official Danish energy statistics and IEA re-
porting. The uncertainties connected with estimating fuel consumption
do not, therefore, influence the accordance between IEA data, the energy
statistics and the dataset on SNAP level utilised by NERI. For the re-
maining datasets, it is assumed that the level of uncertainty is relatively
low. For further comments regarding uncertainties, see Chapter 3.2.6.

Data Storage DS.1.1.2

level 1

1. Accuracy Quantification of the uncertainty level of
every single data value including the rea-

soning for the specific values.

The uncertainty for external data is not quantified. The uncertainties of
activity data and emission factors are quantified see Chapter 3.2.6.

Data Storage DS.1.2.1

level 1

2.Comparability Comparability of the data values with simi-
lar data from other countries, which are
comparable with Denmark, and evaluation

of discrepancy.

On the external data the comparability has not been checked. However,
at CREF level a project has been carried out comparing the Danish inven-
tories with those of other countries (Fauser et al. 2007).



Data Storage [3.Completeness |DS.1.3.1 |Documentation showing that all possible
level 1 national data sources are included by
setting up the reasoning for the selection off
datasets.

See the above Table 3.2.37 for an overview of external datasets.

Danish Energy Authority

Statistic on fuel consumption from district heating and power plants

A spreadsheet from DEA is listing fuel consumption of all plants in-
cluded as large point sources in the emission inventory. The statistic on
fuel consumption from district heating and power plants is regarded as
complete and with no significant uncertainty since the plants are bound
by law to report their fuel consumption and other information.

Gas consumption for gas engines and gas turbines 1990-1994

For the years 1990-1994 DEA has estimated consumption of natural gas
and biogas in gas engines and gas turbines. NERI assesses that the esti-
mation by the DEA are the best available data.

Basic data

A spreadsheet from DEA is used for the CO, emission calculation in ac-
cordance with the IPCC reference approach. It is published annually on
DEA’s webpage; therefore, a formal data delivery agreement is not
deemed necessary.

Energy statistics on SNAP level

The data agreement have been renewed in 2011. NERI aggregates fuel
consumption statistics to SNAP level based on a correspondence table
developed in co-operation with DEA. Both traded and non-traded fuels
are included in the Danish energy statistics. Thus, for example, estima-
tion of the annual consumption of non-traded wood is included.

Emissions from non-energy use of fuels have been included in other
source categories of the Danish inventory. The non-energy use of fuels is,
however, included in the reference approach for Climate Convention re-
porting.

S0 and NO, emission data from electricity producing plants > 25MWe

Plants larger than 25 MW, are obligated to report emission data for SO
and NOx to the DEA annually. Data are on block level and classified. The
data on plant level are part of the plants annually environmental reports.
NERI's QC of the data consists of a comparison with data from previous
years and with data from the plants” annual environmental reports.

Emission factors from a wide range of sources
For specific references, see the chapter regarding emission factors.

Annual environmental reports from plants defined as large point sources

A large number of plants are obligated by law to report annual environ-
mental data including emission data. NERI compares the data with those
from previous years and large discrepancies are checked.

EU ETS data

EU ETS data are information on fuel consumption, heating values, car-
bon content of fuel, oxidation factor and CO; emissions. NERI receives
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the verified reports for all plants which utilises a detailed estimation
methodology (see chapter 1.4.10). NERI's QC of the received data con-
sists of comparing to calculation using standard emission factors as well
as comparing reported values with those for previous years. Outliers are
checked.

Data Storage |4.Consistency DS.1.4.1 [The origin of external data has to be pre-
level 1 served whenever possible without explicit
arguments (referring to other PM’s)

It is ensured that all external data are archived at NERI. Subsequent data
processing takes place in other spreadsheets or databases. The datasets
are archived annually in order to ensure that the basic data for a given
report are always available in their original form.

Data Storage [6.Robustness DS.1.6.1 |Explicit agreements between the external
level 1 institution of data delivery and NERI about
the condition of delivery

For stationary combustion a data delivery agreement is made with the
DEA. Most of the other external data sources are available due to legisla-
tory requirements. See Table 3.2.37.

Data Storage [7.Transparency DS.1.7.1 |Summary of each dataset including the
level 1 reasoning for selecting the specific dataset
See DS 1.3.1

Data Storage [7.Transparency |DS.1.7.3 |References for citation for any external data

level 1

set have to be available for any single num-

ber in any dataset.

See Table 3.2.37 for general references. Much documentation already ex-
ists. However, some of the information used is classified and therefore
not publicly available.

Data Storage |[7.Transparency [DS.1.7.4 [Listing of external contacts for every dataset
level 1

See Table 3.2.37.

Data processing, level 1

Data 1. Accuracy DP.1.1.1 |Uncertainty assessment for every data
Processing source as input to Data Storage level 2 in
level 1 relation to type of variability. (Distribution as:

normal, log normal or other type of variabil-
ity)

The uncertainty assessment of activity data and emission factors are dis-
cussed in the chapter concerning uncertainties.



Data 1. Accuracy DP.1.1.2 |Uncertainty assessment for every data
Processing source as input to Data Storage level 2 in
level 1 relation to scale of variability (size of varia-
tion intervals)

The uncertainty assessment of activity data and emission factors are dis-
cussed in the chapter concerning uncertainties.

Data 1. Accuracy DP.1.1.3 |Evaluation of the methodological approach
Processing using international guidelines
level 1

The methodological approach is consistent with international guidelines.
For the majority of sources tier 2 or tier 3 methodologies are used.

Data 1. Accuracy DP.1.1.4 |Verification of calculation results using
Processing guideline values
level 1

Calculated emission factors are compared with guideline emission fac-
tors to ensure that they are within reason.

Data 2.Comparability |DP.1.2.1 ([The inventory calculation has to follow the
Processing international guidelines suggested by
level 1 UNFCCC and IPCC.

The calculations follow the principle in international guidelines.

Data 3.Completeness |DP.1.3.1 |Assessment of the most important quantita-
Processing tive knowledge which is lacking.
level 1

Regarding the distribution of energy consumption for industrial sources
(CREF sector 1A2), a more detailed and frequently updated data material
would be preferred. There is ongoing work to increase the accuracy and
completeness of this IPCC source category. It is not assessed that this has
any influence on the overall emission level of greenhouse gases.

Data 3.Completeness |DP.1.3.2 [Assessment of the most important cases

Processing where accessibility to critical data sources

level 1 that could improve quantitative knowledge is
missing.

There is no missing accessibility to critical data sources.

Data 4.Consistency DP.1.4.1 |In order to keep consistency at a higher

Processing level, an explicit description of the activities

level 1 needs to accompany any change in the
calculation procedure.

A change in calculation procedure would entail that an updated descrip-
tion would be elaborated.
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Data 5.Correctness DP.1.5.1 [Show at least once, by independent calcula-
Processing tion, the correctness of every data manipula-

level 1 tion.

During data processing it is checked that calculations are done correctly.
This is to a wide degree documented in the data processing spread-
sheets.

Data 5.Correctness DP.1.5.2 |Verification of calculation results using time-
Processing series
level 1

Time-series for activity data on SNAP level, as well as emission factors,
are used to identify possible errors in the calculation procedure.

Data 5.Correctness DP.1.5.3 |Verification of calculation results using other
Processing measures
level 1

The IPCC reference approach validates the fuel consumption rates and
COz emissions of fuel combustion. Fuel consumption rates and CO:
emissions differ by less than 2.0 % (1990-2009). The reference approach is
further discussed below.

Data 5.Correctness DP.1.5.4 [Show one-to-one correctness between
Processing external data sources and the databases at
level 1 Data Storage level 2.

There is a direct line between the external datasets, the calculation proc-
ess and the input data used to Data Storage level 2. During the calcula-
tion process numerous controls are conducted to ensure correctness, e.g.
sum checks of the various stages in the calculation procedure.

Data 7.Transparency |DP.1.7.1 ([The calculation principle and equations used
Processing must be described.

level 1

Data 7.Transparency |DP.1.7.2 [The theoretical reasoning for all methods
Processing must be described.

level 1

Data 7. Transparency |DP.1.7.3 |Explicit listing of assumptions behind all
Processing methods

level 1

Where appropriate, this is included in the present report with annexes.

Data 7.Transparency |DP.1.7.4 |Clear reference to dataset at Data Storage
Processing level 1
level 1

There is a clear line between the external data and the data processing.



Data 7.Transparency |DP.1.7.5 |A manual log to collect information about
Processing recalculations

level 1

At present, a manual log table is not in place at this level. However, this
feature will be implemented in the future. A manual log table is incorpo-
rated in the national emission database, Data Storage level 2.

Data storage, level 2

Data Storage [5.Correctness DS.2.5.1 |Documentation of a correct connection be-
level 2 tween all data types at level 2 to data at level
1

To ensure a correct connection between data on level 2 and data on level
1, different controls are in place, e.g. control of sums and random tests.

Data Storage [5.Correctness DS.2.5.2 |Check if a correct data import to level 2 has
level 2 been made.

Data import is checked by use of sum control and random testing. The
same procedure is applied every year in order to minimise the risk of
data import errors.

Other QC procedures
The emission from each large point source is compared with the emis-
sion reported the previous year.

Some automated checks have been prepared for the emission databases:

e Check of units for fuel rate, emission factors and plant-specific emis-
sions.

e Check of emission factors for large point sources. Emission factors
for pollutants that are not plant-specific should be the same as those
defined for area sources.

e Additional checks on database consistency.

e Emission factor references are included in this report (Chapter 3.2.5
and Appendix 3A-4).

e Annual environmental reports are kept for subsequent control of
plant-specific emission data.

e QC checks of the country-specific emission factors have not been
performed, but most factors are based on input from companies that
have implemented some QA/QC work. The major power plant
owner/operators in Denmark, DONG Energy and Vattenfall have
obtained the ISO 14001 certification for an environmental manage-
ment system. The Danish Gas Technology Centre and Force Tech-
nology both run accredited laboratories for emission measurements.

National external review

The 2005, 2007 and 2009 updates of the sector report for stationary com-
bustion (Nielsen et al. 2005; Nielsen et al. 2007; Nielsen et al. 2009) have
been reviewed by Jan Erik Johnsson from the Technical University of
Denmark, Bo Sander from Elsam Engineering and Annemette Geertinger
from FORCE Technology.
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3.2.8 Source specific recalculations and improvements

Improvements and recalculations since the 2010 emission inventory
submission include:

e The national energy statistics has been updated for the years 1980-
2008. The update included both end use and transformation sectors
as well as a source category update.

e The petroleum coke purchased abroad and combusted in Danish
residential plants is no longer included in the inventory. The border
trade was 628 TJ in 2009.

e (CO», emission factors for coal have been recalculated and an im-
proved time-series consistency included. Due to the considerable
consumption of coal, this recalculation is considerable for some
years, mainly in 1990-2005 before EU ETS data became available2*.

e CO; emission factors for residual oil have also been recalculated and
an improved time-series implemented.

e The CO; emission factors for LPG and kerosene have been changed
and both emission factors now refer to IPCC Guidelines (1996).

e The CO; emission factor for refinery gas have been updated accord-
ing to EU ETS data.

e The CO; emission factor for off-shore gas turbines have been up-
dated according to EU ETS data.

e Emission factors for CHs and N>O that are not country specific have
been updated and now all refer to IPCC Guidelines (1996).

e A time-series have been estimated for the CH4 emission factor for
residential wood combustion.

e Improved input data for the tier 2 approach for uncertainty has been
applied for greenhouse gases.

3.2.9 Source specific planned improvements

A number improvements are planned for the stationary combustion
emission inventories:

e 1) Improved documentation for emission factor.

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

e 2) Improved CO; emission factor for waste.

Ongoing work will further improve the CO, emission factor for waste in-
cineration (DTU 2008).

e 3) Implementation of emission factors from EEA 2009

Some emission factors refer to older version of the EMEP/CORINAIR
Guidebook. The emission factors will be updated according to EEA
(2009).

e 4) Inconsistent time-series for petroleum refining will be recalculated.

242009: - 1.9 Gg COy, 1990: -245 Gg CO»



As mentioned in Chapter 3.2.4 inconsistencies occurs in this sector. This
will be improved in the next inventory.
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3.3 Transport and other mobile sources (CRF sector 1A2,
1A3, 1A4 and 1A5)

The emission inventory basis for mobile sources is fuel consumption in-
formation from the Danish energy statistics. In addition, background
data for road transport (fleet and mileage), air traffic (aircraft type, flight
numbers, origin and destination airports) and non-road machinery (en-
gine no., engine size, load factor and annual working hours) are used to
make the emission estimates sufficiently detailed. Emission data mainly
comes from the EMEP/EEA air pollutant emission inventory guidebook.
However, for railways, specific Danish measurements are used.

183



184

In the Danish emissions database, all activity rates and emissions are de-
fined in SNAP sector categories (Selected Nomenclature for Air Pollu-
tion) according to the CORINAIR system. The emission inventories are
prepared from a complete emission database based on the SNAP sectors.
The aggregation to the sector codes used for both the UNFCCC and UN-
ECE Conventions is based on a correspondence list between SNAP and
IPCC classification codes (CRF), shown in Table 3.3.1 (mobile sources
only).

Table 3.3.1 SNAP — CRF correspondence table for transport.

SNAP classification CRF/NFR classification

07 Road transport 1A3b Transport-Road

0801 Military 1A5 Other

0802 Railways 1A3c Railways

0803 Inland waterways 1A3d Transport-Navigation

080402 National sea traffic 1A3d Transport-Navigation

080403 National fishing 1A4c Agriculture/forestry/fisheries
080404 International sea traffic 1A3d Transport-Navigation (international)

080501 Dom. airport traffic (LTO < 1000 m) 1A3a Transport-Civil aviation
080502 Int. airport traffic (LTO < 1000 m)  1A3a Transport-Civil aviation (international)
080503 Dom. cruise traffic (> 1000 m) 1A3a Transport-Civil aviation

080504 Int. cruise traffic (> 1000 m) 1A3a Transport-Civil aviation (international)
0806 Agriculture 1A4c Agriculture/forestry/fisheries

0807 Forestry 1A4c Agriculture/forestry/fisheries

0808 Industry 1A2f Industry-Other

0809 Household and gardening 1A4b Residential

0811 Commercial and institutional 1A4a Commercial and institutional

Military transport activities (land and air) refer to the CRF/NFR sector
Other (1A5), while the Transport-Navigation sector (1A3d) comprises
national sea transport (ship movements between two Danish ports) and
recreational craft (SNAP code 0803). For aviation, LTO (Landing and
Take Off)% refer to the part of flying which is below 1000 m. The work-
ing machinery and equipment in industry (SNAP code 0808) is grouped
in Industry-Other (1A2f), while agricultural and forestry non-road ma-
chinery (SNAP codes 0806 and 0807) is accounted for in the Agricul-
ture/forestry/fisheries (1A4c) se