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Introduction

According to decision 3/CP.5 taken under the United Nations Framework Convention on Climate Change (UNFCCC) by the Conference of the Parties at its fifth session in November 1999, including the adoption of UNFCCC REPORTING GUIDELINES ON ANNUAL INVENTORIES contained in the document FCCC/CP/1999/7, each developed country Party to the Convention shall annually submit to the Conference of the Parties, through the secretariat, a national inventory report containing detailed and complete information on their 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.

This report is Denmark’s National Inventory Report due by 15 April 2003. The report contains information on Denmark’s inventories for all years from 1990 to 2001. 

According to the UNFCCC REPORTING GUIDELINES ON ANNUAL INVENTORIES the following issues are addressed in the report:

(a) The annual inventory information 1990-2001

(b) Database information

(c) Methodologies

(d) References regarding methodologies, emission factors and activity data

(e) Assumptions underlying the emission and removal estimates

(f) Feedstocks and bunkers

(g) Recalculations

(h) Uncertainties

(i) Information on quality assurance/quality control (QA/QC)

(j) Changes with respect to the previous years

(k) Reviews of Denmark's National Inventory reports submitted 2001 and 2002

The report contains the following appendices:

Appendix 1:
1.1
Denmark’s annual emission inventories 1990 – 2001 to the



Climate Convention in CRF


1.2
Total emissions for Denmark, Greenland and the Faroe Islands.

Appendix 2:


Emission trends 1990-2001 adjusted for electricity exchange and inter-annual temperature variations

Appendix 3:

Information on Greenland and the Faroe Islands

Appendix 4:


The specific methodologies regarding Stationary Combustion Plants

Appendix 5:


The specific methodologies Fugitive Emissions from Fuels

Appendix 6:


The specific methodologies regarding Transport

Appendix 7:


The specific methodologies regarding Industrial Processes

Appendix 8:


The specific methodologies regarding Solvents

Appendix 9:


The specific methodologies regarding Agriculture

Appendix 10:


The specific methodologies regarding Forestry

Appendix 11:


The specific methodologies regarding Waste

Appendix 12:

Key Sources Analyses for year 2001

Appendix 13:
The specific methodologies regarding adjustments

Appendix 14:
Uncertainty
(a) The annual inventory information 1990 - 2001

The annual emission inventories for Denmark for 1990 to 2001 are given in Appendix 1.1 and includes tables in CRF for each year.

The following CRF-tables are completed for years 1990-2001, unless other indication is given:

- Table 1:
Sectoral Report for Energy



A: Fuel Combustion Activities



B: Fugitive Emissions from Fuels



Memo Items

- Table 1.A(a):
Sectoral Background Data for Energy



Fuel Combustion Activities - Sectoral Approach

- Table 1.A(b):
Sectoral Background Data for energy



CO2 from Fuel Combustion Activities - Reference Approach 



(IPCC Worksheet 1-1)

- Table 1.A(c)
Comparison of CO2 Emissions from Fuel Combustion
- Table 1.A(d):
Sectoral Background Data for Energy



Feedstock and Non-Energy Use of Fuels

- Table 1.B.1:
Sectoral background data for energy 



Fugitive Emissions from Solid Fuels

- Table 1.B.2:
Sectoral background data for energy



Fugitive Emissions from Oil and Natural Gas

- Table 1.C:
Sectoral background data for energy


International Bunkers and Multilateral Operations

- Table 2(I):
Sectoral Report for Industrial Processes


A: Mineral Products



B: Chemical Industry



C: Metal Production



D: Other Production



F: Consumption of Halocarbons and SF6
- Table 2(I). A-G:
Sectoral Background Data for Industrial Processes
- Table 2(II):
Sectoral Report for Industrial Processes – Emissions of HFCs, PFCs and SF6
- Table 2(II). C, E:
Sectoral Background Data for Industrial Processes



Metal Production of Halocarbons and SF6

- Table 2(II). F:
Sectoral Background Data for Industrial Processes



Consumption of Halocorbons and SF6
- Table 3:
Sectoral Report for Solvent and Other Product Use
- Table 4:
Sectoral Report for Agriculture


A: Enteric Fermentation



B: Manure Management



D: Agricultural Soils

- Table 4.A:
Sectoral Background Data for Agriculture


Enteric Fermentation

- Table 4.B(a):
Sectoral Background Data for Agriculture


CH4 Emissions from Manure Management

- Table 4.B(b):
Sectoral Background Data for Agriculture


N2O Emissions from Manure Management (2001 only)

- Table 4.D:
Sectoral Background Data for Agriculture


Agriculture Soils

- Table 5:
Sectoral Report for Land-Use Change and Forestry
- Table 5.A:
Sectoral Background Data for Land-Use Change and Forestry

Changes in Forests and Other Woody Biomass Stocks (2001 only)

- Table 6:
Sectoral Report for Waste


A: Solid Waste Disposal on Land

- Table 6.A:
Sectoral background data for waste



Solid Waste Disposal

- Summary 1.A: 
Summary Report for National Greenhouse Gas Inventories (IPCC table 7A)

- Summary 1.B:
Short Summary Report for National Greenhouse Gas Inventories (IPCC table 7B)
- Summary 2:
Summary Report for CO2 Equivalent Emissions
- Summary 3:
Summary Report for Methods and Emission Factors Used
- Other
Overview Table For National Greenhouse Gas Inventories (IPCC Table 8A)


Table 8(a) Recalculation Recalculated Data (1990-2000)


Table 8(b) Recalculation Explanatory Information (1990-2000)


Table 9 Completeness


Table 10: Emissions Trends (2001 only)


Emissions Trends (CO2)



Emissions Trends (CH4)



Emissions Trends (N2O)



Emissions Trends (HFCs, PFCs and SF6)



Emissions Trends (Summary)

- Table 11:
Check List of Inventory Information
The tables above marked "2001 only", indicates that these tables have until now only been filled in for year 2001. At this stage of the development of the CRF reports for Denmark, the following tables have now been filled in more complete for year 2001 than for 1990-2000: Table 4.B(b) (Sectoral Background Data for Agriculture, N2O Emissions from Manure management). For 1990-2001 the following tables are not relevant for Denmark: Table 4.C (Sectoral Background Data for Agriculture, Rice Cultivation), Table 4.E (Sectoral Background Data for Agriculture, Prescribed Burning of Savannas) and Table 4.F (Sectoral Background Data for Agriculture, Field Burning of Agricultural Residues). The latter is not relevant since 1990, where field burning was forbidden by law.

Emission of Greenhouse Gases in Denmark – Sources and Trends

Greenhouse gas emissions in CO2 equivalents

The greenhouse gas emissions are estimated according to the IPCC guidelines and are aggregated in seven main sectors. The greenhouse gases include CO2, CH4, N2O, HFCs, PFCs and SF6. Figure 1 shows the estimated total greenhouse gas emissions with CO2 removal by forestry in CO2 equivalents from 1990 to 2001. The emissions are not corrected for electricity trade or temperature variations. CO2 is the most important greenhouse gas followed by N2O and CH4 in relative importance. The contribution to national totals from HFCs, PFCs and SF6 is less than 1%. Stationary combustion plants, transport and agriculture are the largest sources. The removal by forestry is about 5% of the total emissions in CO2 equivalents. The national total of greenhouse gas emissions in CO2 equivalents are almost equal in 1990 and in 2001.
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Figure 1. Greenhouse gas emissions in CO2 equivalents. Time series for 1990 to 2001 and distribution on main sectors for 2001.

Carbon dioxide

The largest source to the emission of CO2 is the energy sector, which includes combustion of fossil fuels like oil, coal and natural gas. Public power and district heating plants contribute with about half of the emissions. About 22% come from the transport sector. The actual CO2 emission increased by about 3% from 2000 to 2001. This was mainly due to net export of electricity and lower outdoor temperature in 2001 compared with 2000. Further, the electricity production by wind turbines was less than expected due to poor wind conditions. If the CO2 emission is adjusted for climatic variations and electricity trade with other countries the CO2 emission has decreased by 12% since 1990 despite an almost constant gross energy consumption and an increase in the gross national product of 27%. This is due to change of fuel from coal to natural gas and renewable energy. As a result of the lower consumption of coal in the recent years the main part of the CO2 emission comes from oil combustion. In 2001 the actual CO2 emission was almost the same as the emission in 1990.
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Figure 2. CO2 emissions. Time series for 1990 to 2001 and distribution on main sectors for 2001.

Nitrous oxide

Agriculture is the most important N2O emission source, Figure 2. 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 N2O through bacterial processes. However, the nitrogen converted in these processes originates mainly from the agricultural use of manure and fertilisers. The main reason for the drop in the emissions is caused by demands according to legislation to an improved utilisation of nitrogen in manure. This results in less nitrogen excreted per unit produced and a considerably reduction in use of fertiliser. The basis for N2O emission is then reduced. About 9% come from combustion of fossil fuels and transport accounts for about 4%. The N2O emission from transport has increased in the nineties because of increasing use of catalyst cars.
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Figure 2. N2O emissions. Time series for 1990 to 2001 and distribution on main sectors for 2001.

Methane

The largest sources to anthropogenic CH4 emissions are: Agriculture activities, managed waste disposal on land, public power and district heating plants. The emission from agriculture derives from enteric fermentation and management of animal manure. The increasing CH4 emissions from public power and district heating plants are due to increasing use of gas engines in the decentralised cogeneration plants sector. About 3% of the natural gas in the gas engines are not combusted. From 1990 the emission of CH4 from enteric fermentation has decreased because of decreasing numbers of dairy cattle. CH4 from waste disposal is decreasing slightly due to increasing use of waste for incineration.

[image: image7.wmf]Enteric 

fermentation

49%

Manure 

management

16%

Public power and 

district heating 

plants / 

Refineries

6%

Waste

21%

Other

8%


[image: image8.wmf]0

50

100

150

200

250

300

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

CH

4

-emissioner (1000 tonnes)

Public power and district

heating plants / Refineries

Enteric fermentation

Manure management

Waste

Other

Total



Figure 4. CH4 emissions. Time series for 1990 to 2001 and distribution on main sectors for 2001.

HFCs, PFCs and SF6

This part of the Danish inventory only have data on all substances back to 1993. Since then and until 2000 there has been a continuous increase in the contribution of the sum of F-gases considering their sum of emissions in CO2-equivalents. For 2001 the increase has stopped and from 2000 to 2001 there is a decrease. The reasons for these trends are several. SF6 contributed considerably in the first part of the trend, in 1993 by 58%. Environmental awareness and facing regulation of this gas in Danish law has decreased its industrial use and its contribution in 2001 is around 4%. The use of HFCs, and especially HFC-134a as a main contributor to the HFCs, has increased several fold and the model for the emissions respond with increasing emissions. So HFCs has become a very dominating F-gas from 42% in 1993 to 92% in 2001. A main use of HFC-134a is as a refrigerant. However, the tendency is that the use of HFC-134a for this use as well as the use of other HFCs as refrigerant is stagnant or falling. This is due to Danish law which in 2007 forbids new HFC based refrigerant stationary systems. Counter to this trend is the increasing use of air conditioning systems, among these mobile systems.
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Figure 4. F-fag emissions. Time series for 1990 to 2001. 

Geographic coverage

According to the instrument of ratification the Danish government has ratified the UN Framework Convention on Climate Change on behalf of Denmark, Greenland and the Faroe Islands. Appendix 1.2 contains total emissions for Denmark, Greenland and the Faroe Islands for 1990 to 2001. However, it has not been possible to present a complete inventory in CRF. In Appendix 3 information on the Greenland and the Faroe Islands inventories are given. Apart from Appendix 1.2 and 3 the information in this report only relate to Denmark.

Data for assessment of progress in the implementation of policies and measures with an effect on the national energy consumption

For the purpose of assessment of progress in the implementation of policies and measures with an effect on the national energy consumption and in accordance with the UNFCCC REPORTING GUIDELINES ON ANNUAL INVENTORIES appendix 2 contains a table with GHG trend data 1990-2001 with CO2 emissions and Totals adjusted for both electricity exchange and inter-annual temperature variations.

(b) Database information

The emission inventory tables are made from the Danish CORINAIR-database (Illerup et al., 2003), and detailed information on the emission factors and activity data can be made available in an electronic copy on request. In Appendices 4-10 tables with emission factors used in the 1990 and 2001 emission inventories, are shown.

The Danish databases are stored in Access 97 and are handled with software developed by the European Environmental Agency. For data handling the software tool is CollectER (Pulles et al., 1999a) and for the CRF reporting the software tool is ReportER (Pulles et al., 1999b).

(c) Methodologies
The general methodology

Denmark’s air emission inventories are based on the CORINAIR methodology. CORINAIR (COoRdination of Information on AIR emissions) is the most extensive European air emission inventory programme for national sector-wise emission estimations harmonised with the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories (Houghton et al., 1997). To ensure estimates as timely, consistent, transparent, accurate and comparable as possible, the inventory programme has developed calculation methodologies for most sub-sectors and software for storing and further data processing (Richardson, S. (Ed), 1999). 

A thorough description of the CORINAIR inventory programme used for Danish emission estimations is given in (Illerup et al., 2000). The CORINAIR calculation principle is to calculate the emissions as activities times emission factors. Activities are numbers referring to a specific process generating emissions, while an emission factor is the mass of emissions per unit activity. Information on activities to carry out the CORINAIR inventory is mainly based on official statistics. The most consistent emission factors have been used, either as measured values or default factors proposed by the CORINAIR methodology.

A list of all sub-sectors on the most detailed level is given in Illerup et al., 2000. Incorporated in the CORINAIR software is a feature to serve the specific UNFCCC and UNECE convention needs for emission reporting. The translation between CORINAIR and IPCC codes for sector classifications are listed in Illerup et al, 2000.

The CORINAIR methodology is the general methodology used. Some parts of the underlying methodologies are taken directly from the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories and some parts have been elaborated to reflect better national circumstances in accordance with the under lying principles of these guidelines. Below the underlying methodologies for each sector are described.

The specific methodologies regarding 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 the Emission Inventory Guidebook 3rd edition. The inventory is based on activity rates from the Danish energy statistics and on emission factors for different fuels, plants and sectors. 

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

For each of the fuel and SNAP categories (sector and e.g. type of plant) a set of general emission factors has been determined. Some emission factors refer to the EMEP/CorinAir Guidebook and some are country specific and refers to Danish legislation, Danish research reports or calculations based on emission data from a considerable number of plants.

Some of the large plants like 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 refers to emission measurements stated in annual environmental reports etc. At present the emission factors for CO2, CH4 and N2O are however not plant specific whereas emission factors of SO2 and NOx often are.

The CO2 from incineration of the plastic part of municipal waste is included in the Danish inventory. 

In addition to the detailed emission calculation in the national approach CO2 emission from fuel combustion is aggregated using the reference approach. In 2001 the CO2 emission inventory based on the reference approach and the national approach respectively differs 0,94%. 

Improved emission factors for cogeneration plants <25MWe will be implemented next year. An improved inventory of CO2 emission from incineration of the plastic part of municipal waste is also planned.

Please refer to appendix 4 for further information about emission inventories for stationary combustion plants.

The specific methodologies regarding Fugitive Emissions from Fuels

Fugitive emissions from solid fuels (1.B.1.c)

Storage and handling of coal:

Coal mining is not occurring in Denmark, but power plants use a considerable amount of coal. CH4 emission from storage and handling of coal is included in the Danish inventory. The CH4 emission inventory is based on tier 1 in ‘IPCC Guidelines for National Greenhouse Gas Inventories: Reference Manual’. The CH4 emission occurring in Denmark is assumed to be half the post-mining emission. 

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

Natural gas transmission and distribution:

Inventories of CH4 emission from gas transmission and distribution is based on annual environmental reports from the Danish gas transmission company, DONG and on a Danish inventory for the years 1999-2001 reported by the Danish gas sector (transmission and distribution companies).

Off-shore activities:

Rough estimates for the emission of CH4 from extraction of oil and gas are made for the years 1994 to 2001. A project is going on to make consistence inventories from 1990.

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

Oil Refineries – Petroleum products processing:

The VOC emissions from petroleum refinery processes cover non-combustion emissions from feed stock handling/storage, petroleum products processing, product storage/handling and flaring. SO2 is also emitted from the non-combustion processes and includes emissions from products processing and sulphur recovery plants. The emission calculations are based on information form the Danish refineries and the Energy statistic.

Please refer to appendix 5 for further information about fugitive emission from fuels.

The specific methodologies regarding Transport

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

The European COPERT III emission model is used to calculate the Danish annual emissions for road traffic. In COPERT III the emissions are calculated for operationally hot engines, during cold start and fuel evaporation. The model also includes the emission effect of catalyst wear. Input data for vehicle stock and mileage is obtained from the Danish Road Directorate, and is grouped according to average fuel consumption and emission behaviour. 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 estimates are made on a city-pair level, using flight data from the Danish Civil Aviation Agency (CAA-DK) and LTO and distance related emission factors from the CORINAIR guidelines (Tier 2 approach). For previous years the background data consist of LTO/aircraft type statistics from Copenhagen Airport and total LTO numbers from CAA-DK. With appropriate assumptions a consistent time series of emissions is produced back to 1990 using also 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 information on the number of different machine types and their respective load factors, engine sizes, annual working hours and emission factors (Tier 2 approach).

Recalculations of the aviation emissions are made using the improved estimation method and by including the flights for Greenland and the Faroe Islands under domestic aviation as prescribed by the UNFCCC reporting guidelines. Previous years estimates (1990-2000) are updated in accordance with this flight classification. For military and railways updated 1990-2001 emission factors are used for gasoline and diesel derived from the road transport inventory results.

For transport the CO2 emissions are determined with the most accuracy, while the levels of the CH4 and N2O estimates are significantly more uncertain. The overall uncertainty in 2001 for CO2, CH4 and N2O are around 4, 32 and 59 %, while the 1990-2001 emission trend uncertainties for the same three components are 4, 4 and 154 %, respectively.

An overall quality assurance and control of the inventory of transport emissions is achieved when operating the top-down approach (Tier 1) for road transport, air traffic and off road working machines and equipment in parallel with the detailed Tier 2 inventory methodology. Accordingly the fuel use and emission results are adjusted in a fuel balance ensuring that all statistical fuel sold is accounted for sector-wise in the calculations. Furthermore all time series of emissions in the CRF and SNAP source categories are examined and considerate changes are checked and explained. A comparison is also made to the previous year’s estimate, and any major changes are verified. As a last point a data transfer control is made from SNAP source categories to aggregated CRF source categories.

Please refer to appendix 6 for further information about emission inventories for transport.

The specific methodologies regarding Industrial Processes

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

Mineral Products: Cement. CRF Table 2(I).A-G Sectoral Background Data for Industrial processes. A.1.
There is only one producer of cement in Denmark, Aalborg Portland ltd. The activity data for the production of cement and the emission factor are obtained from the corporation as accounted for and published in the "Green National Accounts" (In Danish: “Grønne regnskaber”) which the corporation works out according to obligations in Danish law. These accounts are subject to audit. The emission factor is produced as a result of weighting of emission factors resulting from the production of Low alkali cement, rapid cement and basis cement.

Mineral Products: Lime and bricks. CRF Table 2(I).A-G Sectoral Background Data for Industrial processes. A.2.

The reference for the activity data for production of lime and bricks are the production statistics for manufacturing industries published by Statistics Denmark. The productions of lime and yellow bricks imply CO2 emissions.

For the calculation of these emissions and the emission factors used please refer to Appendix 7.

Chemical Industry. Ammonia production CRF Table 2(I).A-G Sectoral Background Data for Industrial processes. B.1. 

Se section "Further improvement and response to previous review" below.

Chemical Industry. Nitric Acid production: CRF Table 2(I).A-G Sectoral Background Data for Industrial processes. B.2.
There is one producer. The data so far in the inventory relies on information from the producer. The producer only reports NOx emissions associated with the production. The producer reports these emissions as measured emissions. For some years the amount of Nitric Acid produced was not reported together with the report on measured NOx emissions.

Chemical Industry. Sulphuric Acid production : CRF Table 2(I).A-G Sectoral Background Data for Industrial processes. B.5 Others. 

There has been one producer reporting direct measured emissions of SO2 only. The production has stopped.

F-gases: CRF Table 2(II) Sectoral Background Data for Industrial processes - Emissions of HFCs, PFCs and SF6
The inventory on the F-gases: HFCs, PFCs and SF6 is based on work carried out by the Danish Company COWIconsult. Their yearly report (Danish Environmental Protection Agency, 2003) will for the first time become available in English as documentation of inventory data up to year 2001, refer to The Danish Environmental Agency Homepage to be found in the list of references. The methodology used has for the inventory 2001 been revised to better reflect the Tier 2 methodology of the IPCC guidelines. For most of the substances the inventory reported with this NIR reflects the new methods for all years. The substances not been updated according to the new method will be updated with the next NIR, the changes to come will only be of minor importance to the data. For the full information on data, methodology, etc reference is made to the report, The Danish environmental Agency, 2003, in Appendix 7 a summary is given.

Further improvement and response to previous review.

In general for the time being the manpower resources on the industrial part of the inventory are strengthened.

The review has pointed out that Ammonia production was not reported. A process has been started to produce a consistent time series for Ammonia production back to year 1990.

The full implementation of the new methods used for F-gases will be used in the next inventory submission.

The specific methodologies regarding Solvents (3)

The emission inventory for ‘Solvents’ is based on reports from the Danish Industry on emissions from various industrial sectors. The reporting is not annual and linear interpolation is used between the reporting years. It is important to notice that not all the use of solvents are included in this agreement and no activity data has been available. Efforts are still to be made in the future inventory work to improve the emission estimates. 
Please refer to appendix 8 for further information about emission inventories for solvents.

The specific methodologies regarding Agriculture CRF Table 4 Sectoral Report for Agriculture and Table 4.A, 4.B(a), 4.B(b) and 4.D Sectoral Background Data for Agriculture.
The calculation of emission from the agricultural sector is based on methods described in the IPCC Guideline (IPCC, 1996), the Good Practice Guidance (IPCC, 2000) and Andersen (1999). The numbers of animals, data for landuse and crop yield are taken from the Agricultural Statistic (Statistic, Denmark). Data to estimate the CH4 emissions are mainly collected by the Danish Institute of Agricultural Sciences. Emission of N2O is closely related to nitrogen balance. This means that a series of the data applied in relation to the inventory of ammonia emissions simultaneously are being applied in the calculation of N2O emissions. In Denmark a model based system is applied for calculation of the emission of ammonia (Hutchings et al., 2001). 

The uncertainties for assessment of emissions from enteric fermentation, manure management and agricultural soil have been estimated. The uncertainties are highest for the emission factors and particular for the N2O emission. To ensure the data quality activity data and data for estimation of emission factors are collected and discussed in corporation with specialists and researcher at different institutes and research sections. It means that the emission inventory will bee evaluated continuously according to the latest knowledge and information.

Presently a thorough investigation of the method for the emission inventory of greenhouse gases from the agricultural sector is being performed. Based on this investigation change in the data on activity and the emission factors for the whole period from 1990 to 2001 might occur. The revision will be included in the emission inventory 2002.

A more detail description of the methods of emission inventory for greenhouse gases from the agricultural sector is given in appendix 9.

The specific methodologies regarding Forestry CRF Table 5 Sectoral Report for Land-Use Change and Forestry and Table 5.A Sectoral Background Data for Land-Use Change and Forestry.
This submission of inventories 1990-2001 represents new data on removals by sinks. The basis is a new Forestry Census 2000, which updates for the first time since 1990 data on biomass stocks and on annual increment. Further, data on Carbon stocks is now available since they were included in the Forestry Census of 2000. This has led to a slight revision of methodology, including the use of new biomass expansion factors and use of tree specific wood densities. 

The revised methodology and use of the new Forestry Census lead to higher estimates of standing stock of wood and  higher gross and net increments in the forests. This again results in new an considerable higher than previously reported estimates of Carbon sequestration in Forests planted before 1990.

Further, the new Forestry Census 2000 has provided new data used for recalculation of estimates of Forest sinks due to afforestation since 1990. These new data includes a reduction in afforested area per year and a change in distribution of tree species on the afforested areas. This leads to reduced CO2 sequestration from Forests planted after 1990.

The data on LULUCF reported in the CRF Tables in this NIR reflects the new Forestry Census and the new methodology. As regards background Tables only Table 5A for the year 2001 has been filled in and only for data on Forests planted before 1990. However, further information on the new Forestry Census, the new methodology, the removal of sinks data and their background data for the new estimates and the recalculation can be found in the Appendix 10 in this report.
The specific methodologies regarding Waste CRF Table 6 Sectoral Report for Waste Table 6.A Sectoral Background Data for Waste
The data used for the amounts of Municipal Solid Waste deposited at Solid Waste Disposal Sites, is according to official registration performed by the Danish Environmental Protection Agency. (The ISAG database http://www.mst.dk/homepage/). CH4 emissions from Solid Waste Disposal Sites are based on a model suited to the Danish conditions. The model are based on the IPCC Tier approach. The model is described in Danish Energy Agency (2001). In Appendix 10 a summary and background data are given. All waste incinerated are used for energy and heat production. This production is included in energy statistics, hence emissions are included in Table 1A.1a Public Electricity and Heat Production 6 B.  The Danish wastewater handling systems treat the wastewater aerobically. They are therefor considered to produce CH4 emissions of only minor and negligible importance.

Please refer to appendix 11 for further information about emission inventories for waste.

The specific methodologies regarding adjustments

In the UNFCCC REPORTING GUIDELINES ON ANNUAL INVENTORIES Parties are encouraged to give information on application of adjustments as it is regarded as important information in relation to the monitoring of emission and removal trends and the performance of national policies and measures. 

In Appendix 2 the application of adjustments is reported separately. The methodologies followed are described in Appendix 13.

The specific methodologies regarding key sources

A key source analyses for year 2001 has been carried out in accordance with the Good Practice Guidance, Penman et al (2000). The categorisation used results in total 59 sources, of which 14 are identified as key sources due to both level and trend. The Energy Sector contributes with 7 key sources of which CO2 from Steam Coal is the most contributing category with 24.0% of the National total, the category CO2 emissions from Mobile Combustion, Road Transportation is the second most contributing with 16.2% and CO2 from Natural gas is the third largest contributor with 16.0%. In the Agriculture Sector, there are 3 key sources, which are among the 7 most contributing sources. These 3 sources are direct N2O emissions from Agriculture Soils, indirect N2O emis​sions from Nitrogen used in Agriculture and CH4 from Enteric Fermentation, contributing 6.5, 4.3 and 4.0% respectively to the National total in 2001. The categorisation used, results, etc are included in Appendix 12.

(d) References regarding methodologies, emission factors and activity data

The documentation on the CORINAIR methodology can be obtained from the “Joint EMEP/CORINAIR Atmospheric Emission Inventory Guidebook, Second edition (Richardson, S. (Ed), 1999). The documentation on the COPERT III is given in Ntziachristos et al. (2000).

Regarding removals by sinks the methodology the reference is the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories. 

Regarding activity data the references are national statistics e.g. on energy and agriculture as well as data on production (e.g. cement) and consumption (e.g. F-gases) obtained from directly producers and consumers. 

The emission factors are partly based on the Joint EMEP/CORINAIR Atmospheric Emission Inventory Guidebook mentioned above and the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories, and partly on Danish legislation and measurements on Danish plants. In some few cases data on the emissions are coming directly from measurements instead of calculations from emission factors. In appendices 4-12 references regarding methodologies, emission factors and activity data related to the sectors are given.

(e) Assumptions underlying the emission and removal estimates

The assumptions underlying the emission and removal estimates are in general related to the emission factors chosen and activity data used. Information on the emission factors chosen and activity data used is given in appendices and in the CRF.

(f) Feedstocks and bunkers

Feedstocks

The Danish energy statistics includes non-energy use of three fuels: White spirit, lubricants and bitumen. These fuels have not been implemented in the Danish national approach. The fuels are however included in the reference approach. The emissions from some of the products produced on the basis of feedstock are taken into account in the national approach, e.g. emissions from the use of solvents and from incineration of plastic in municipal waste (Illerup et al., 2000).

Bunkers

In the Danish emission inventories presented in CRF, the destinction between domestic and international emissions from aviation and navigation is made in accordance with the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories. In principle this means that fuel sold (and associated emissions) for flights/sea transportations starting from a seaport/airport in the Kingdom of Denmark, with destinations inside or outside the Kingdom of Denmark, are regarded as domestic or international, respectively.

For aviation the emissions associated with flights inside the Kingdom of Denmark are counted as domestic. The flights from Denmark to Greenland and the Faroe Islands are classified as domestic flights in the inventory background data, and in the real world almost no fuel is bunkered in Greenland/Faroe Islands by other flights than those going to Denmark. 

The domestic/international fuel split (and associated emissions) for navigation is not determined with the same precision as for aviation. In this way no special effort has been made to investigate how the fuel quantities sold in Denmark and on the Faroe Islands are classified for vessels going to Greenland/Faroe Islands. For Greenland all marine fuel sales are treated as domestic. However it is considered that this uncertain fuel amount only contribute with a small part of the total fuel sold for navigation purposes in the Kingdom of Denmark.

(g) Recalculations

Since the submission of Denmark’s National Inventory Report for 2001 (Illerup et al. 2002) to the UNFCCC the following main changes to the Danish emission inventories have been carried out:

Energy:

Years 1990-2001. The emission factors for CH4 have been updated for stationary fuel combustion activities.

Years 1990-2001. The emissions of CH4 and NMVOC from natural gas distribution networks and pipelines have been updated according to Danish conditions.

Transport:

Military and railways

Years 1990-2001. New emission factors for gasoline have been derived from the new road traffic estimates.

Air traffic

Years 1990-2001. The emission estimates are updated in consistence with the new aircraft emission calculation method. The flights for Greenland and the Faroe Islands are included under domestic aviation.

Industry:

Years 1990-2001. Consumption of Halocarbons and SF6. A revised methodology has been introduced.

Agriculture:

Years 1990-2001. CH4-emissions from Enteric fermentation and manure management have been changed since horses on small farms and on riding schools have been included.

Forestry:

Years 1990-2001. Changes in forest and other woody biomass stocks. The total CO2 removals have not been changed since the December 2002 submission, but the total has been split into uptake from forest planted before 1990 and afforestation since 1990. Table 5.A for year 2001 has been filled out accordingly.

(h) Uncertainties

A first attempt uncertainty estimate based on the Tier 1 methodology in IPCC Good Practice Guidance (GPG) (IPCC 2000) have been performed this year. Uncertainty estimates for stationary combustion plants, mobile combustion, agriculture and fugitive emissions from fuels are included this year. The aim is to include an increasing part of the emission sources during the next years. The sources included in the uncertainty estimate cover 93% of the total Danish greenhouse gas emission (CO2 eq.). 

The aggregation levels of the uncertainty estimates follow the key source aggregation level as recommended in GPG. The uncertainty of the activity rates and of the emission factors are shown in appendix 14. In general uncertainties refer to GPG. Detailed references are stated in appendix 4-11. The calculation sheet is shown in appendix 14. 

The estimated uncertainties of CO2, CH4, N2O are shown in Table 1. The uncertainty of the total global warming potential (GWP) is also shown. Note that GWP uncertainty estimate does not take into account the uncertainty of the GWP factors.

Table 1 Uncertainty of inventories 

1)
Uncertainty [%]
Uncertainty in trend [%]

CO2 
2,1
1,7

CH4 
15
6

N2O 
431
29

GWP 2)
58
17

1. The uncertainty estimates includes stationary combustion plants, mobile combustion, agriculture and fugitive emissions from fuels

2. GWP: CO2: 1, CH4: 21, N2O: 310

The uncertainty on N2O from agricultural soils is the predominant source of uncertainty for the Danish inventory. The uncertainty of GWP from combustion in stationary and mobile units is 8% and the trend uncertainty is 1,8%.

(i) Information on quality assurance/quality control (QA/QC)

In the preparation of Denmark's annual emission inventory several quality control (QC) procedures are carried out. The Danish QC includes:

· Check 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 explained.

· Comparison to inventory of the previous year on the level of the categories of the CRF as well as on SNAP source categories. Any major changes are checked, verified, etc. 

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

· A manual log table have been introduced in the emission databases to collect information about recalculations

A part from the UNFCCC’s In-Depth-Reviews, Quality Assurance (QA) with independent review of the inventories has not yet been carried out. The IPCC has developed guidance on good practice. This work includes good practice guidance on QA/QC. Future work to improve the Danish emission inventories will include further elaboration of how formal QA/QC procedures could be implemented. A formal QA/QC plan has not yet been developed.

(j) Changes with respect to previous reporting

As mentioned under (g) on recalculations several changes to the Danish emission inventories have been made. In Table 8 of the CRF for the years 1990-2000 the result of these changes as compared with the previous report (Illerup et al., 2002) are shown.

(k) Reviews of Denmark's National Inventory reports submitted 2001 and 2002

The Danish National Inventory Report published in year 2001 (NIR 2001) was subject to a desk review. The NIR 2001 had been worked out on a bases where methodologies described in previous NIRs and not being changed by the submission in 2001 were not given special attention in the NIR 2001. So when a draft of the report of this desk review was available for comments in March 2002. Denmark made extended comments to the desk review team.

However, the final report from the desk review of the NIR 2001 was available after the due time April 15, 2002, where we had to finalise the NIR 2002 report. The con​siderations of the review team as reflected in the draft report was an improved bases for the work on the NIR 2002, but the final report and especially how the Danish comments to the draft report had been reflected in the final report could not be taken into account for the NIR 2002.

The final report of the desk review of the NIR 2001 has now been carefully considered for the work on this report.

The NIR 2002 is subject to a centralised review. The review team has had valuable questions to which Denmark has responded. This communication has been of impor​tance also for the work on this NIR. However, no draft report from the centralised re​view team is yet available. So the considerations, suggestions, etc of the reviewers in their report on the NIR 2002 was not the bases for the work on this NIR 2003.
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