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Executive summary 

ES.1. Background information

The Intergovernmental Panel on Climate Change (IPCC) has recognized that the temperature increase seen over the last 50 years could be a result of emissions of greenhouse gases from the anthropogenic use of coal, oil and natural gas, which make up the vast majority of greenhouse gas emissions. 

This report documents Sweden’s National Inventory Report (NIR) 2004 for anthropogenic emissions of direct greenhouse gases: CO2, CH4, N2O, HFC, PFC, SF6 and indirect greenhouse gases: NOx, CO, NMVOC and SO2. The NIR has been drafted in accordance with the United Nations Convention on Climate Change (UNFCCC) and the European Union’s Greenhouse Gas Monitoring Mechanism. The report contains information on Sweden’s inventories of greenhouse gases for all years from 1990 to 2002 including descriptions of methods, data sources, uncertainties and the quality assurance and quality control (QA/QC) activities carried out.

Electronic data on emissions, activity data, implied thermal values and emission factors in the Common Reporting Format (CRF) spreadsheet files requested by the UNFCCC are provided in a separate annex to this report. 

ES 2. Summary of national emissions and removal related trends

Emissions and removal related trends are further described in chapter 2. 

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

The assumptions underlying the emission and removal estimates are in general related to the emission factors chosen and activity data used.

1 Introduction

This chapter will present background information on climate change and greenhouse gas inventories. It also contains a description of institutional arrangements for the inventory preparation, and brief descriptions of the process of inventory preparation, methodologies and data sources used and the key sources in the Swedish inventory. Finally there is information on the quality assurance/quality control work that is in progress, on the general uncertainties in the inventory and on the completeness in inventoried emissions.

1.1 Background information

1.1.1 Climate change

Some of the gases in the earth’s atmosphere have an ability to absorb infrared radiation (heat). They do not prevent sunlight reaching the earth’s surface and warming it, but they do trap some of the infrared radiation. Without the natural greenhouse effect of the atmosphere, the surface of our planet would be almost 35°C colder than it is now.
Greenhouse gases (i.e. gases which contribute to the greenhouse effect) have always been present in the atmosphere, but now concentrations of several of them are rising as a result of human activity. This is intensifying the greenhouse effect. The UN Intergovernmental Panel on Climate Change (IPCC) sums up the cause of the climate change we have witnessed over the last 50 years by stating that it is impossible to explain other than as the result of anthropogenic emissions of greenhouse gases.

Apart from carbon dioxide, other greenhouse gases are being emitted in larger quantities now than in pre-industrial times. These gases include nitrous oxide and methane. Ground-level ozone also has a greenhouse effect. The amount of ozone forming in the lower atmosphere has increased as a result of emissions of nitrogen oxides, hydrocarbons and carbon monoxide. 

Further intensification of the greenhouse effect is caused by entirely new, man-made greenhouse gases that are entering the atmosphere. These include, in particular, a number of substances containing fluorine, among them HFCs (compounds of hydrogen, fluorine and carbon). HFCs are now being used instead of CFCs (Freons) in refrigerators and other applications, and their use is on the increase.

Compared with carbon dioxide, all other greenhouse gases occur in very low concentrations. Per molecule, however, these substances are much more effective as greenhouse gases than carbon dioxide, which means that they still make a considerable contribution to the greenhouse effect. Furthermore, some of the fluorine compounds have such a long atmospheric lifetime that they will contribute to the greenhouse effect for tens of thousands of years to come. 
The threat of climate change is one of the most difficult environmental problems faced by humankind. All countries are affected, all contribute to the problem and, therefore, all have to face the consequences in some way or other. We know that anthropogenic emissions of greenhouse gases can influence the climate. The temperature increase witnessed during the 20th century can only be explained by the increased emissions of carbon dioxide from our use of coal, oil and natural gas, which make up the vast majority of greenhouse gas emissions.

1.1.2 Greenhouse gas inventories

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 Annex 1 Party that is part of the Convention shall annually submit to the Conference of the Parties, through the secretariat, inventories including the Common Reporting Format (CRF) and a National Inventory Report (NIR). 

This report constitutes Sweden’s NIR due by 15 April 2004. The report contains information on Sweden’s inventories for all years from 1990 to 2002 including descriptions of methods, data sources, uncertainties and the quality assurance and quality control (QA/QC) activities carried out. The NIR has been revised since the last submission due to new guidelines from the UNFCCC.
 The report contains information on inventories for all years from the base year to the year of the current annual inventory submission, in order to ensure the transparency, consistency, comparability, completeness and accuracy of the inventory.

The inventory covers anthropogenic emissions of direct greenhouse gases: CO2, CH4, N2O, HFC, PFC, SF6 and indirect greenhouse gases: NOx, CO, NMVOC and SO2. Indirect means that they are not contributing directly to the greenhouse effect, but that their presence in the atmosphere may influence climate in different ways. As mentioned in section 1.1.1, ozone (O3) is also a greenhouse gas but, since it is formed by the chemical reactions of nitrogen oxides, hydrocarbons and/or carbon monoxide, a separate report is not necessary. 

1.2 Institutional arrangements

The inventory system currently used in Sweden is presented in Figure 1. The Swedish Ministry of the Environment has the overall responsibility and submits the inventory report to the European Commission and to the UNFCCC secretariat. The Swedish Environmental Protection Agency co-ordinates the necessary activities to develop the inventory report and is also responsible for the final quality control and quality assurance of the data before it is submitted.

A consortium, Swedish Environmental Emissions Data (SMED), constituting Statistics Sweden (SCB), the Swedish Meteorological and Hydrological Institute (SMHI) and the Swedish Environmental Research Institute AB (IVL) is working with the collection of data and calculations of emissions for the sectors: energy, industrial processes, solvents and other product use, agriculture and waste. 

The Swedish University of Agricultural Sciences (SLU) is involved in calculating emissions and removals for the sector Land Use Change and Forestry.
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Figure 1. Current national inventory system 

In a separate project a national system, meeting the requirements laid down in the UNFCCC, the Kyoto Protocol and relevant decisions at different COPs, is under development. This new system, including institutional arrangements, will be implemented 1 October 2005 and be used for the reporting activities  taking place in 2007.

1.3 The process of inventory preparation

1.3.1 Data collection and processing

The process of inventory preparation is carried out differently for the different sectors:

Energy

Stationary combustion: Activity data is collected for the following subgroups:

· Manufacturing industries: preliminary data from quarterly fuel statistics, a sample survey by Statistics Sweden and final data from Industrial statistics, a total survey or a larger sample survey by Statistics Sweden. All data is on plant level and by fuel type.

· Energy industries: Data from a total survey by Statistics Sweden on plant level and by fuel type.

· Other sectors: Data from official statistical reports by Statistics Sweden on national level and by fuel type.

Activity data is multiplied by thermal values, mainly from Statistics Sweden, and emission factors from Swedish EPA. 

Mobile combustion: Data on fuel consumption on national level and by fuel type is collected by Statistics Sweden in a survey to wholesale dealers and used in combination with emissions data and fuel data from the Road Administration, Rail Administration, Civil Aviation Administration and the Swedish Military. Activity data is multiplied by thermal values, mainly from Statistics Sweden, and emission factors from the Swedish EPA.
Industrial Processes

The reported data for industrial processes is mainly based on information from the industries’ legal environmental reports. According to Swedish environmental laws, operators performing environmentally hazardous activities that require a permit by law are required to compile and send an annual legal environmental report to their supervisory authority.

The data in the legal environmental reports often originates from measurements or surveys and refers to real emissions, derived from measurements or mass balances. The use of default emission factors is limited.

The county administrative boards audit the data from the operators’ legal environmental reports and, for the majority of facilities, enter the data into a database called C-EMIR. This means that C-EMIR consists of emissions data from most of the important emitters as well as a large amount of data from smaller facilities. If data necessary for the reporting is missing in C-EMIR, information is obtained from the original legal environmental report or directly from the facility. 

In some cases, when there is a large number of companies within a specific sector, and all the legal environmental reports are not available, SMED uses a combination of information from the legal environmental reports and production statistics on the national level to estimate national emissions. The use of emission factors is limited, but when used they are usually nationally derived or specific for a facility.

For most CO2 emissions, activity data on the produced amount of clinker, limestone, etc. is collected directly from the operators. Activity data on fuels used in processors with CO2 emissions are from the same surveys used for energy emissions for manufacturing industries above.

Solvent and Other Product Use

Data used for estimating emissions from solvent and other product use are, for some sources based on emission factors and national activity data obtained from trade associations, from the Product Register at the Swedish Chemicals Inspectorate or from national experts. For some industrial sources, emissions are derived directly from industries’ legal environmental reports. The estimates reported are based on a variety of national background information, including information from published reports, information from experts, data from the Product Register, etc. The available information has been combined in order to estimate the total level of emissions of NMVOC.

Agriculture 

Data on animal numbers, crop areas, yields, sales of manure, manure management and stable periods are taken from official statistical reports, published by the Swedish Board of Agriculture and Statistics Sweden. Some complementary information is collected from organisations and researchers, such as the Swedish Dairy Association, Swedish Poultry Meat Association, Swedish University of Agricultural Sciences and Swedish Institute of Agricultural and Environmental Engineering.  

Land use Change and forestry 

Estimates presented in the Land Use Change and Forestry sector are based on data from the Swedish University of Agricultural Sciences (SLU) and the National Board of Forestry (NBF). SLU is responsible for the National Forest Inventory, which focuses on removal by sinks (biomass growth). NBF covers emissions by sources (harvested biomass) and the underlying data is based on consumption studies.
Waste

Statistics on landfilled waste quantities, methane recovery and nitrogen emission from waste water handling are taken from RVF (Swedish Association of Waste Management) and the Swedish EPA. If new data on organic content in household waste or other relevant research is published, such reports are also considered.  

Further descriptions of data collection are made for each sector in chapter 3-8.

1.3.2 Data storage
A new system for air emissions is under development, which will support data input in different ways, provide different types of quality gateways and allow for different types of data output, i.e. the CRF report. The system is planned to be implemented during 2005. Until the system is ready, almost all data is stored in a temporary database. The temporary database, together with an attached web application, has been used during the work with submission 2004 as a tool for controlling the data of submission 2004. The temporary database, and its web application, has greatly improved the ability to control the data during the submission-work.

1.4 Data sources and methodologies

Emission estimates are mainly based on activity data from national or official Swedish statistics, e.g. energy statistics, agricultural and forestry statistics, as well as data on production (e.g. cement) and consumption (e.g. F-gases) obtained directly from producers and consumers. 

Emission factors and thermal values used are nationally developed or internationally recommended default factors. 

The methodologies used for Sweden’s greenhouse gas emissions inventory is in accordance with the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories and, in general, in line with IPCC Good Practice Guidance (GPG). Some parts of the methodologies are taken directly from the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories, the GPG and the EMEP/CORINAIR Inventory Guidebook 3rd edition. 
In Table 1.1 below, all Tier methods used, which differ from Tier methods recommended in IPCC 1996 Revised Guidelines or GPG, are presented. There is also a brief explanation of why recommended methods have not been used. Note that for sectors where no specific recommendations are made in the guidelines, these sectors are not included in table 1.1. For an overview of the methods used in all sectors, see Summary 3 in the CRF tables and in each sector chapter, a more detailed explanation on data sources and methodologies is given.

Table 1.1. Comparison of methods used and recommended methods by the IPCC 1996 Revised Guidelines or Good Practice Guidance for all sectors, where they differ from IPCC.

	Sector
	Used method Tier 
	IPCC method Tier
	Explanation

	Energy

Emissions of CH4 and N2O from navigation
	1
	2
	Reliable data required for Tier 2 is currently not available (various engine types etc).

	Industrial processes

Emissions of PFC from aluminium production
	2
	3
	No measurements are performed, so Tier 3 cannot be applied. The method used is close to Tier 2, apart from using the exact recommended method of calculation.

	Industrial processes

Emissions of SF6 from electrical insulation 
	2a
	3
	There is not enough information available to perform Tier 3.

	Industrial processes

Semiconductor manufacture
	1
	2
	Not in total accordance with Tier 1.

	Industrial processes

Pig iron production
	National
	2
	Use of blast furnace gas is used as activity data instead of reducing agents.

	Waste

N2O from waste water
	National
	1
	Sweden uses national statistics on nitrogen emissions. Nitrogen emissions are only model calculated for the rural population. 


SMED and SLU have carried out the calculations. In a few cases, estimates are based on expert judgements.
The combined effect of various greenhouse gases has been calculated using global warming potential factors (GWP). These are developed by the IPCC and are used as a means of comparing the relative significance of various gases in terms of their greenhouse effect, expressed as carbon dioxide emissions.

Emission factors and thermal values for all sectors are provided in Appendix 16.
1.5 Key source categories

Key source categories have been analysed according to GPG. Key source categories are those that together cause 95% of all greenhouse gas emissions in Sweden. Key source categories therefore have a significant influence on emissions trends in the country.

1.5.1 Level assessment

The level assesment shows that emission of CO2 from the use of gasoline and diesel oil within road transportation is the largest key source, followed by emissions of CO2 from use of solid fuels within public electricity and heat production. These sources are in the top-ten list of emission levels in all years, and gasoline from road transportation is always number one. Noteable is also that eight out of the top-ten key sources of emission levels in all years derive from CO2 emissions. The other two are N2O emissions from agricultural soil (4D1) and CH4 emissions from managed waste disposal on land (6A1). However, these two sources are not as important for the trend assessment. 
1.5.2 Trend assessment
The trend assessment shows the sources that have the biggest contribution to the overall trend (emission levels combined with large emission differences between years). The sources with increasing emission levels since 1990 are the prioritized sources regarding improvements in methodology etc. as were described in the beginning of this chapter. The trend sources in top in 2002 are emissions of CO2 from diesel oil used within road transportation (1A3b) and CO2 from use of liquid fuels within public electricity (1A1a) and petroleum refining (1A1b). Diesel use within road transport has been in top every year, liquid fuels use within public electricity and heat production for all years but 2000. Liquid fuel use was not a specifically important trend source in the beginning of the 1990´s, but has been since 1993. An interesting trend source is Consumption of Halocarbons and SF6 within industrial processes (2F), which was not very important in 1991, but have became more and more important since then and is almost on the top of the trend list in 2002. 

Other interesting trend sources are those with decreasing emissions. Among them, CO2 emissions from liquid fuels in the residential sector (1A4b) and commercial/institutional sector (1A4a) are in top in 2002, followed by emissions of CH4 from waste disposals (6A1). 

A detailed description on the methodology used in the analysis is provided in Annex 1 and the complete analysis of Sweden’s key source categories is presented in Appendix 15. Please note that we intend to perform a more aggragated Key Source analysis in submission 2005.

1.6 Information on QA/QC

1.6.1 Quality assurance

Sweden is currently working with the development of the quality assurance procedures. These procedures are planned to be implemented during 2005.

1.6.2 Quality control for CRF sector 1-4 and 6

In this inventory, most general Tier 1 QC measures (Table 8.1 in the GPG) have been carried out but have not yet been documented according to the GPG.

In this submission a web application has been connected to the temporary database (described in chapter 1.3.2) to simplify the quality control work. In the application it has been possible to see time series for all sectors and emissions and percental changes of reported emissions for each year compared to reported emissions in the last submission. The web application has been an efficient tool to discover errors in applied methods, activity data, emission factors etc. 

1.6.3 Quality control for CRF sector 5

The 2001 IPCC Good Practice Guidance does not cover the Land Use Change and Forestry sector. Despite this, an internal quality control has been performed, following level Tier 1 (Table 8.1 in IPCC GPG 2001).

The Swedish EPA assisted by the National Board of Forestry has performed an external control. A formal quality control for Land Use Change and Forestry will be performed when the GPG for LULUCF has entered into force.

1.7 General uncertainty evaluation

An uncertainty analysis has been performed for the first time to this submission. The analysis has been done according to the IPCC Tier 1 method, described in detail in Annex 2 and IPCC Good Practice Guidance chapter 6.3.2.

The IPCC Tier 1 method is based on emission estimates and uncertainty coefficients for activity data and emission factors. The analysis was done for the sectors Energy, Industrial Processes, Solvent and other product use, Agriculture and Waste. Uncertainty coefficients have in many cases been assigned based on expert judgement or on default uncertainty estimates provided in the IPCC Good Practice Guidance, since not enough background data was readily available to make actual calculations. 

In the underlying work, a detailed list of sources was used in the analysis, but for reporting purposes an aggregation of sources has been done. The aggregated reporting was preferred since for several individual sources no reliable detailed information was available. On a general and aggregated level, however, expert judgements based on experience from e.g. emission measurements could be made with more confidence. In the detailed analysis for the Energy sector it was also found that “false” uncertainties were introduced only from uncertainty in allocation of fuels between sources. These sources have been aggregated in order for the uncertainty calculations to better represent the uncertainty in the inventory on the national level.

Further work considering uncertainties will focus on elaborating, as far practicable, verified, reliable and more detailed uncertainty coefficients. This work may lead to changes in calculated overall uncertainty, as well as provide uncertainty estimates for important individual source categories.

1.7.1 Results

The results of the uncertainty calculations according to the IPCC Tier 1 uncertainty approach are presented in Table 1.2 below. The Tier 1 calculations of uncertainty in the reported 2002 CO2 equivalent emissions in Sweden result in contributions to the national total uncertainty of 3%, 2%, 6% and <1% for CO2, CH4, N2O and F-gases respectively. The overall uncertainty is calculated to be approximately 7%. These figures do not include the correlation that may exist between source categories, nor include corrections for non-reported sources. Therefore, the actual uncertainty of emissions per compound and of the total will be somewhat higher. 

Table 1.2. Tier 1 uncertainty assessment for national total emissions of CO2 equivalents in 2002 (based on preliminary 2002 data and without adjustment for correlation between sources).

	CRF
	IPCC source category
	GHG
	Emissions 2002 
Gg CO2 eq
	Activity data uncertainty %
	Emission factor uncertainty %
	Combined uncertainty %
	Combined uncertainty as % of total national emissions in 2002

	1A1a
	Power- and district heating plants
	CO2
	9 230
	2
	5
	5
	0.70

	1A1b
	Refineries
	CO2
	2 342
	2
	5
	5
	0.18

	1A2d
	Pulp & paper industries
	CO2
	2 328
	2
	5
	5
	0.18

	1A
	Other Industries and Solid Fuel Transformation
	CO2
	7 162
	5
	5
	7
	0.72

	1A
	Mobile combustion and stationary combustion except energy plants/industries
	CO2
	29 679
	5
	5
	7
	2.97

	1B
	Fugitive emissions
	CO2
	1 044
	20
	5
	21
	0.30

	2A1
	Cement production
	CO2
	1 253
	5
	5
	7
	0.13

	2A2
	Lime production
	CO2
	549
	2
	0
	2
	0.02

	2A3
	Limestone- and dolomite use
	CO2
	118
	5
	0
	5
	0.01

	2A4
	Soda Ash production and use
	CO2
	25
	10
	0
	10
	<0.01

	2B4
	Carbide production
	CO2
	50
	5
	5
	7
	0.01

	2C1
	Iron and steel production
	CO2
	1 395
	5
	10
	11
	0.22

	2C2-2C5
	Non-ferrous metals
	CO2
	527
	5
	5
	7
	0.05

	3
	Solvent and product use
	CO2
	186
	40
	40
	57
	0.15

	
	Total CO2
	
	55 887
	
	
	
	3.2

	
	
	
	
	
	
	
	

	1A1a
	Power- and district heating plants
	CH4
	65
	2
	50
	50
	0.05

	1A1b
	Refineries
	CH4
	<0.1
	2
	50
	50
	<0.01

	1A2d
	Pulp & paper industries
	CH4
	23
	2
	50
	50
	0.02

	1A
	Other Industries and Solid Fuel Transformation
	CH4
	17
	5
	50
	50
	0.01

	1A
	Mobile combustion and stationary combustion except energy plants/industries
	CH4
	452
	5
	50
	50
	0.32

	1B
	Fugitive emissions
	CH4
	<0.1
	20
	50
	54
	<0.01

	2X
	Industrial CH4 emissions
	CH4
	7
	5
	20
	21
	<0.01

	4A
	Enteric fermentation
	CH4
	2 858
	5
	30
	30
	1.23

	4B
	Manure management
	CH4
	442
	20
	50
	54
	0.34

	6A
	Solid waste
	CH4
	1 816
	20
	40
	45
	1.15

	
	Total CH4
	
	5 680
	
	
	
	1.8

	
	
	
	
	
	
	
	

	1A1a
	Power- and district heating plants
	N2O
	347
	2
	50
	50
	0.25

	1A1b
	Refineries
	N2O
	3
	2
	50
	50
	<0.01

	1A2d
	Pulp & paper industries
	N2O
	103
	2
	50
	50
	0.07

	1A
	Other Industries and Solid Fuel Transformation
	N2O
	192
	5
	50
	50
	0.14

	1A
	Mobile combustion and stationary combustion except energy plants/industries
	N2O
	1 415
	5
	50
	50
	1.01

	1B
	Fugitive emissions
	N2O
	3
	20
	50
	54
	0.00

	2B2
	Nitric acid production
	N2O
	441
	2
	15
	15
	0.09

	2X
	Other industrial N2O emissions
	N2O
	15
	5
	20
	21
	<0.01

	3
	Solvent and product use
	N2O
	127
	40
	0
	40
	0.07

	4B
	Manure management
	N2O
	591
	20
	50
	54
	0.45

	4D
	Agricultural soils
	N2O
	4 896
	20
	85
	87
	6.05

	6B
	Wastewater
	N2O
	146
	15
	50
	52
	0.11

	
	Total N2O
	
	8 279
	
	
	
	6.2

	
	
	
	
	
	
	
	

	2F
	Use of HFC
	HFC
	386
	15
	40
	43
	0.23

	2C3
	Aluminium production
	PFC
	283
	2
	30
	30
	0.12

	2F
	Use of PFC
	PFC
	18
	100
	20
	102
	0.03

	2F
	Use of SF6
	SF6
	33
	10
	30
	32
	0.01

	2C4
	SF6 from magnesium foundries
	SF6
	61
	66
	0
	66
	0.06

	
	Total F-gases
	
	780
	
	
	
	0.3

	
	
	
	
	
	
	
	

	
	Total Sweden (CO2-eqvivalents)
	
	70 626
	
	
	
	7.2


The ten largest sources, according to their calculated contribution to uncertainty in total national emissions in 2002, are presented in Table 1.3. 

Table 1.3. The ten sources contributing most to uncertainty in national total emissions in 2002 (based on preliminary 2002 data).

	CRF
	IPCC source category
	GHG
	Emissions 2002
Gg CO2 eq
	Activity data uncertainty %
	Emission factor uncertainty %
	Combined uncertainty %
	Combined uncertainty as % of total national emissions in 2002

	4D
	Agricultural soils
	N2O
	4 896
	20
	85
	87
	6.05

	1A
	Mobile combustion and stationary combustion except energy plants/industries
	CO2
	29 679
	5
	5
	7
	2.97

	4A
	Enteric fermentation
	CH4
	2 858
	5
	30
	30
	1.23

	6A
	Solid waste
	CH4
	1 816
	20
	40
	45
	1.15

	1A
	Mobile combustion and stationary combustion except energy plants/industries
	N2O
	1 415
	5
	50
	50
	1.01

	1A
	Other Industries and Solid Fuel Transformation
	CO2
	7 162
	5
	5
	7
	0.72

	1A1a
	Power- and district heating plants
	CO2
	9 230
	2
	5
	5
	0.70

	4B
	Manure management
	N2O
	591
	20
	50
	54
	0.45

	4B
	Manure management
	CH4
	442
	20
	50
	54
	0.34

	1A
	Mobile combustion and stationary combustion except energy plants/industries
	CH4
	452
	5
	50
	50
	0.32


No elaborated analysis of the respective source contribution to uncertainty in trend has been made.

1.8 General assessment of the completeness

The inventory covers emissions and sinks in Sweden. All greenhouse gases are covered. The completeness for each sector is discussed below.

Energy

Estimated emissions are complete for most sources. There might still be some problems with in-house generated fuels in the chemical industry, smaller companies in the iron and steel industry and refineries.

Fugitive emissions, i.e. venting and flaring of liquid and gaseous fuels, are most likely not complete. We have indications that flaring, which is not included in our activity data, exists.

Emissions from industries with less than 10 employees are not covered. These emissions are small, approximately 0.2% of all emissions from fuel combustion in Sweden.
Industrial Processes

For most sources, and particularly for the most important sources, the estimates are in accordance with the requirements concerning completeness as laid out in the GPG. However, some exceptions do exist. These are primarily in sectors with a large number of smaller facilities, with usually small emissions. The possible incompleteness from these sectors concerns NMVOC emissions.

The completeness is considered to be good for all greenhouse gases, possibly with the exception of CH4, for a few sources.

Solvent and product use

For solvent and product use, the assessment of completeness is more uncertain. Solvent and product use is, in general, more difficult to define and delimit than industrial processes, for example, since it concerns and includes a large variety of segments in society, which among other things means that it is more difficult to find representative and reliable activity data.

The estimated emissions of N2O are considered to be complete, since national data from the Product Register is used in the inventory.

For NMVOC, some specified sectors that are treated and reported separately in the inventory fulfil the requirements of completeness. The completeness of national total estimates of NMVOC from sector 3 is more difficult to judge, since sector 3 comprises many different types of emissions sources. However, the estimates are judged to be of the right order of magnitude.

Agriculture

All relevant agricultural emissions and sources are reported in the inventory. Reindeer, which are not normally considered as a part of the agricultural sector, have been included in the inventory. The majority of the country’s horses do not belong to farms, but are included in the agricultural sector of the inventory. There are, however, some marginal animal groups which are not included, such as turkeys and fur animals (minks, foxes and chinchilla). These groups are very small and there is no methodology developed for estimating GHG emissions.

All sales of fertilisers are included, even quantities used in other sectors. N-fixing crops used in lay are included, and sludge used as fertiliser is also included in this submission of the inventory, which means that all anthropogenic inputs to agricultural soils should be covered.

Land Use Change and Forestry 

Carbon from all relevant land use classes except trees in urban areas are reported. The reporting of woody biomass stocks refers to above and below ground parts of trees higher than 1.3 m. Smaller trees and other vegetation as shrubs and herbs are not yet reported. The below ground biomass is probably a little bit underestimated. New below ground functions are under construction. The forest and grassland conversions and abandonment of managed lands are very limited and reported as zero.

Due to the high variation in carbon concentration in mineral soils and the lack of data on stones and boulders, no reliable estimate of carbon stock changes in mineral soils has so far been made. Sales statistics of lime for agricultural and horticultural purposes are used for estimating emissions from liming, which covers the complete sector.

Waste

The completeness of data is good except on construction and demolition waste which will be studied further. 

2 Trends in greenhouse gas emissions

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

Emissions of greenhouse gases in Sweden, calculated as carbon dioxide equivalents, amounted to 69.6 million tonnes in 2002, which is an increase of 1.3 million tonnes since 2001. However, emissions have fallen in comparison with 1990, when emissions amounted to 72.1 million tonnes. Emissions fell by 3.5 % or approximately 2.5 million tonnes in the period 1990 to 2002. The largest reductions in emissions have occurred in the following sectors: waste, agriculture and in the housing and service sector’s production of energy.  Absorption in forests and fields was 30.3 million tonnes in 2002. The level of absorption has varied over the years and is now somewhat higher than in 1990.

These figures have not been corrected to reflect a normal year, i.e. they have not been corrected for temperature and rainfall. 

[image: image1.wmf]Diagram 2.1. Total emissions of all GHG calculated as CO2 equivalents from the different sectors.
Emissions from the supply of energy and the consumption of energy in industry, housing and the service sector accounted for almost half of total emissions, but their share is declining. The transport sector’s share of total emissions increased during the 1990s and was about 30% in 2002. Agriculture was responsible for approximately 12-13% of Sweden’s greenhouse gas emissions, but the percentage of emissions from this sector fell somewhat during the 1990s. Emissions from industrial processes accounted for almost 8% of total emissions, which is almost the same as in 1990. The share of total emissions accounted for by the landfilling of waste has fallen from just under 4% to just under 3% since 1990.

Carbon dioxide accounted for approximately 79% of emissions in 2002 (without LUCF), emissions of methane accounted for 8% and nitrous oxide for almost 12%, calculated as carbon dioxide equivalents. Carbon dioxide accounted for 77% of total emissions in 1990, methane for 9% and nitrous oxide for just over 12%. F-gases’ share of emissions was slightly more than 1% in 2002 and has increased from 0.7% in 1990. 
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Diagram 2.2. Total CO2 emissions without LUCF and emissions of  CH4 and N2O in CO2 –equivalents.

2.2 Description and interpretation of emission trends in relation to gas
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Diagram 2.3. Total emissions of CO2 from different sectors. 

There are no emissions of CO2 from the Waste and Agriculture sectors and emissions from the Solvent and other Product use sector are shown in the upper part of the diagram and these emissions are close to zero.
Carbon dioxide accounts for approximately 79% of emissions of greenhouse gases in Sweden. Of these emissions the energy sector is responsible for slightly more than 92% and the industrial sector for approximately 7%. The remaining 0.3% of emissions come from solvents. 

Carbon dioxide emissions amounted to almost 55 million tonnes in 2002, and this was a reduction of 2% compared to the 1990 figure. The emissions increased during the first half of the 1990s and then started to decline. 
2.2.2 CH4
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Diagram 2.4. Total emissions of CH4 from different sectors. 

There are no emissions of CH4 from Solvent and Other Product use and emissions from Industrial Processes are sparse compared to the other sectors and can hence not bee seen in the diagram.
Emissions of methane come primarily from agriculture and landfilling of waste. Total emissions of methane in 2002 were 270,500 tonnes, which is equivalent to 5.7 million tonnes calculated as carbon dioxide equivalents. The agricultural sector was responsible for nearly 60% of these emissions, and the waste sector for 30%. Emissions fell by 46,500 tonnes in the period 1990 to 2002, which is equivalent to 978,000 tonnes, calculated as carbon dioxide equivalents. Measures within the waste sector have contributed most to this reduction. 

2.2.3 N2O
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Diagram 2.5. Total emissions of N2O from different sectors.
Emissions of nitrous oxide come from the agricultural sector, the waste sector and the industrial sector. Emissions amounted to 27,000 tonnes in 2002, which is equivalent to 8.4 million tonnes, calculated as carbon dioxide equivalents. Emissions have decreased by almost 8% in comparison with 1990, primarily because of reduced emissions from the agricultural sector.

2.2.4 F-gases
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Diagram 2.6. Total emissions of SF6, PFC and HFC from the Industrial Processes sector.
Emissions of fluorinated greenhouse gases come from various sources such as industrial processes and products, from refrigeration and air-conditioning. Emissions of PFCs amounted to 440,000 tonnes in 1990, calculated as carbon dioxide equivalents, and in 2002 emissions had fallen to 301,000 tonnes. However, emissions of HFCs increased from almost 4,000 tonnes to 386,000 tonnes in the period between 1990 and 2002 because HFCs  replaced the ozone-destructive substances CFC and HCFC. Emissions of SF6 increased somewhat from 83,000 tonnes in 1990 to 93,500 tonnes in 2002. In comparison with 2001, emissions of PFCs and HFCs increased slightly, whilst emissions of SF6 fell. 

2.3 Description and interpretation of emission trends in relation to source

2.3.1 Energy

The total emissions of greenhouse gases from combustion in industry, households and services and electricity and heat production have decreased from 1990 to 2002, at the same time as the emissions from transport have increased. Since the decrease in the energy sector is relatively strong it outweighs the increase from the transport sector. Summarizing the two sectors gives diminishing emissions when comparing 2002 with the 1990 level. 

Greenhouse gas emissions from energy, excluding transport, have developed towards an increase in the first half of the 1990’s. All the years between 1999 and 2002, on the other hand, have lower emissions than 1990. Factors that influence the emissions  include  economic development, weather and precipitation which affects hydropower output  and energy use for heating.   Emissions vary as these factors vary over time. There is however a downward trend in certain sub-sectors as a result of policies and measures while sub-sectors, which for various resaons are not subject to such measures, display increasing emissions over time.  

In 2002 the emissions of carbon dioxide from energy and transport were 1.9 percent lower than the 1990 level. Emissions of methane were 22 percent lower than 1990, but the emissions of nitrous oxides increased with 19 percent. The total greenhouse gas emissions from energy and transport were thus 1.5 percent lower in 2002 than the 1990 level. This is an increase compared to 2001, when the emissions were 4.7 percent lower than 1990. 

2.3.1.1 Carbon dioxide from the energy sector, excluding transport

The demand for oil in the commercial/institutional, residential, agricultural sector – called ‘other sectors’ – has decreased during a number of years. Energy and CO2 taxes and other policy measures have contributed to this development. Due to these factors a steady downward trend of  carbon dioxide emissions is evident. In 2002, the emissions were 38 % lower than the 1990 level.

The emissions from the ‘other sectors’ decreased by almost 7 % between 2001 and 2002. This decrease can partly be explained by a continued decrease  of the use of fossil fuels in energy consumption and partly by warmer weather . Outdoor temperature is an important factor determining the heating demand in households, services and industry and it affects both combustion in these sectors and the combustion in the electricity and district heating sector. 

Combustion in industry and the related emissions of carbon dioxide increased in the mid 1990’s, but have been decreasing after 1997. Comparing 2002 and 1990 there is a 2.8 percent decrease. Carbon dioxide emissions increased slightly from 2001 to 2002, which is a development that is proportionate to the somewhat higher demand for fossil fuels in industry. The use of coal, coke, petroleum products as well as district heating increased somewhat between 2001 and 2002. 

Emissions from energy industries, i.e. electricity and heat production and refineries, have varied much between 1990 and 2002. In 2000 carbon dioxide emissions  were 9.8 million tonnes while they were 15.4 million tonnes in 1996. Emissions in 2002 were 21 percent up on the figures for 1990 and 12 percent higher than 2001. The demand for electricity in households, services and in industry was at the same level in 2001 and 2002, but electricity was produced to a lesser extent from hydropower and nuclear power.  The hydropower output was normal in the spring 2002  but decreased dramatically and was significantly lower than normal during the rest of the year. Condensing power was used more in 2002 than in the past five years. The total demand for district heating increased by 6 percent from 2001 to 2002, which resulted in more combustion in this sector. Use of bioenergy increased more than fossil fuel use to meet this new demand. Over the whole period 1990-2002 the use of district heating has been increasing at the expense of individual heating systems in households and services. At the same time there has been a drastic fuel switch in the district heating systems from fossil fuels to bioenergy. This has been a result of the carbon tax. If this fuel switch had not occurred there would have been a large increase of emissions in this sector. 

Summarizing the subsectors in the energy system we find that the dramatic decrease of emissions in the ‘other sectors’ outweigh the higher emissions from electricity and heat production. Thus the total emissions of carbon dioxide from energy excluding transport are lower in 2002 than the 1990 level. The warm weather during the past few years have also contributed to this development, but  climate corrected data confirm that  2002 emissions are lower than 1990 emissions. The trend is however less dramatic with climate corrected data.
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Diagram 2.7. Total emissions of CO2 from the Energy sectors.

2.3.1.2 Methane and nitrous oxide from the energy sector, excluding transport

Only a small share of the emissions of methane come from the energy sector, approximately 24 Gg of the total 270 Gg emitted in 2002. The volumes of combustion of fuels have increased slightly in the energy sector as a whole, but the emissions of methane from the subsector electricity and heat production have doubled, which probably is a result of increased use of bioenergy. 

N2O follows the same trend as the total combustion, i.e. a decrease between 1990 and 2002, but there was a small increase from 2001 to 2002. This development is proportionate to the combustion in electricity and heat production, in industry and in the other sectors. 

2.3.2 Emissions from transport

Carbon dioxide emissions dominate greenhouse gas emissions from transport. Emissions grew streadily over the period 1990-2002. Amongst the other gases, emissions of nitrous oxide are increasing, as cars fitted with catalytic converters which emit more nitrous oxide per vehicle kilometre than other cars become more common. Emissions of methane are falling. 

The dominant transport group is road traffic which is responsible for 92% of emissions. The calculations also include estimated emissions from working machinery (300,000 tonnes of carbon dioxide) used in the building and running of the traffic infrastructure such as the building and maintenance of roads, and the running of harbours and airports. 

The emissions of carbon dioxide from the transport sector have increased compared to 1990. Trends in the transport business follow closely those of the national economy, and the use of fossil fuels in road traffic is still increasing, despite gradual fuel use efficiency improvements. This is because traffic is increasing at a faster rate than the total effect of the specific improvements in fuel efficiency. Policies and measures, such as the carbon tax, have had limited impact on emissions to date. The amount of gasoline declined from 1995 but has begun to increase again since 2000. Diesel consumption, which is less price-sensitive than gasoline consumption, has increased continuously over the past few years. The main reason for this is the increasing amount of business in the transport sector using heavy lorries, but another reason is the increased number of lighter lorries. 

Civil aviation and railways have marginally reduced their emissions since 1990. Emissions from the international bunkering of propellants are not included, i.e. refuelling by international shipping and aeroplanes. International bunkering is considerably higher than national fuel consumption by shipping and aviation. Carbon dioxide emissions for national shipping are calculated to be 0.66 million tonnes, and 0.60 tonnes for aviation. Bunkering of oil for international shipping has almost doubled since 1990. Fuel consumption by international aviation has increased significantly since 1990 but has fallen somewhat since 2001. 

It is expected that traffic will continue to increase in the future, primarily transport by lorry. 

(ej begripligt-behövs ej här)
2.3.3 Industrial processes

Industrial processes includes,  i.a. emissions from metal production, the chemical industry, cement production and consumption of F-gases. Emissions of carbon dioxide, methane, nitrous oxide and fluorinated greenhouse gases from industrial processes calculated as carbon dioxide equivalents were slightly more than 5.3 million tonnes in 2002, which amounted to approximately 7.7% of total emissions. Of these emissions, 75% were carbon dioxide emissions, 10% were nitrous oxide emissions, and 15% were F-gas emissions. Methane emissions were very small, accounting for only 0.1% of greenhouse gas emissions from industrial processes. 

Total emissions of greenhouse gases for the industrial processes sector fell  by 1% from 1990 to 2002, but emissions varied during that period. 
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Diagram 2.8. Total emissions of CO2 from the Industrial processes sectors.
The manufacture of iron, steel and other metals was the primary source of carbon dioxide emissions within the industrial processes sector in the 1990s. The production of coke in steel works counts as industrial consumption, whilst the use of coal and coke in blast-furnaces comes under the category ‘industrial processes.’ The use of dolomite and limestone in the manufacture of pig-iron also gives rise to carbon dioxide emissions. Other sources of emissions are the use of coal in the further processing of other ores, the use of coke in the production of ferro-alloys, and the use of carbon electrodes in the production of aluminium. Emissions from the manufacturing of metal have varied during the 1990s. They increased in the period 1990 to 1996, but have since decreased somewhat. Variations in emissions are connected to variations in volume of production.

Limestone is used in the manufacture of cement and caustic lime, which causes carbon dioxide emissions. The manufacture of cement is a major source of carbon dioxide emissions. Variations during the 1990s are connected to variations in production. 

There are also emissions from so-called fluorinated greenhouse gases. These can be divided into 3 groups: non-fully halogenated fluorocarbons (HFCs), fully halogenated fluorocarbons (FCs) and sulphur hexafluoride (SF6). The manufacture of aluminium together with the use of non-fully fluorinated hydrocarbons (HFCs) in refrigerators, freezers, air-conditioning systems and heat pumps are the primary sources of emissions of fluorinated greenhouse gases. Total emissions of fluorinated greenhouse gases in 2002 were equivalent to approximately 780,000 tonnes of carbon dioxide, approximately 1% of total emissions of greenhouse gases in 2002. Emissions of fluorinated greenhouse gases increased during the 1990s. Emissions of HFCs increased from almost zero in 1990 to the equivalent of 386,000 tonnes of carbon dioxide in 2002. The considerable increase is largely due to the fact that HFCs often replace ozone-destructive chlorofluorocarbons (CFCs and HCFCs), the consumption of which must stop, in accordance with the Montreal Protocol on the protection of the ozone layer, legislation within the European Union and Swedish legislation. The increase is also the result of the increase in the number of air-conditioning systems in cars and buildings. HFCs have also become replacements for CFCs and HCFCs in other areas of consumption, such as the blowing of expanded polystyrene plastic and in aerosol sprays. 

The phasing-out of CFCs and HCFCs is in its final stage in Sweden, and the rate of increase in the consumption of HFCs should now start to decline.  One important factor which might also contribute to the fairly limited increase in recent years could be that more stringent national requirements regarding the handling of refrigeration systems that were introduced in the 90:ies are starting to have an effect.

2.3.4 The use of solvents and other products

The use of solvents causes emissions of volatile organic substances. It is assumed that the carbon content in these emissions oxidises into carbon dioxide. In 2002 emissions of carbon dioxide were 186,000 tonnes, which is a reduction of 42% compared to 1990, when emissions were nearly 321,000 tonnes. Approximately one third of the emissions came from paints, and the reduction is due to the change-over to water-based paints. 

The use of solvents also leads to emissions of nitrous oxide. In 1990 these emissions amounted to 90,000 tonnes, but they increased to 127,000 tonnes in 2002, calculated as carbon dioxide equivalents. Total emissions of greenhouse gases from the use of solvents amounted to approximately 300,000 tonnes in 2002, which is a reduction of almost 24% compared to 1990. 
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Diagram 2.9. Total emissions of CO2 from the Solvent and other product use sectors.
2.3.5 Agriculture

Emissions of methane and nitrous oxide within the agricultural sector come from livestock, fertilizers and agricultural land. Together they were responsible for emissions in 2002 totalling the equivalent of 8.8 million tonnes of carbon dioxide, or 12.6% of total greenhouse gas emissions. If emissions of carbon dioxide from the cultivation of organic soils are included, emissions increased by another 3.8 million tonnes of CO2.  Expressed as carbon dioxide equivalents, emissions of nitrous oxide from agriculture were higher than for methane (with a ratio of 60/40). 

Agriculture’s total emissions fell by 8.2% in the period 1990 to 2002; emissions of methane fell by 2.6%, and nitrous oxide by 11.4%.

Emissions of methane come primarily from cattle’s digestion and manure; other types of animals account for only a relatively small amount of the emissions. The primary cause of the fall in emissions is the decline in the keeping of livestock. The number of dairy cows fell from 576,000 in 1990 to 417,000 in 2002. The greatest fall occurred between 1990 and 1991, when a large number of farms stopped producing milk. A number of these went over to extensive beef production, with the help of State conversion subsidies, which explains why the number of beef cattle increased during the first half of the 1990s. Since Sweden’s entry into the European Union in 1995, the number of livestock has been relatively stable, but the number of dairy cows has fallen somewhat in step with increases in milk yield per animal. The production of methane per quantity of milk produced has therefore fallen gradually. 

Emissions of nitrous oxide come primarily from the transformation of nitrogen in the fields and are affected by the quantity of farmyard manure, fertilizers, plant remains and nitrogen fixing crops. The emissions from organic soils are also significant, as is the formation of nitrous oxide from nitrogen seeping from agricultural fields into lakes and streams. The reduction in emissions since 1990 is due to a fall in the use of fertilizers and farmyard manure. The amount of farmyard manure has primarily fallen as a result of the fall in the number of dairy cows. The fact that in the case of pigs and dairy cows liquid fertilizer is increasingly being used, has also affected emissions. Nitrous oxide emissions from liquid fertilizing systems are considerably lower than from traditional solid fertilizers. 
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Diagram 2.10. Total emissions of N2O from the Agricultural sectors.
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Diagram 2.11. Total emissions of CH4 from the Agricultural sectors.
2.3.6 Changes in the use of land and forests

As has been the case ever since the base year of 1990, forests have contributed to a substantial carbon absorption in Sweden.  Carbon absorption is calculated as being the annual growth in forest biomass above and below ground, minus wastage in the form of felling and natural wastage. The calculations come from an area of productive forest land which is 22.5 million hectares in size. The increase in the amount of carbon in forest biomass on other types of land has been estimated as being 8.1 million tonnes. These other types of land comprise non-productive forest land and tree-bearing land within towns and densely-populated areas such as parks and gardens. This also includes enclosed pastures. 

Net carbon absorption in forests increased to 30.3 million tonnes of CO2 in 2002, as compared with 28.6 million tonnes in 2001. The difference in the figures for the two years was primarily because forestry growth increased more in 2002 than crops and natural wastage, which gave a total increase in carbon absorption in forests of 5.6% in 2002 as compared with 2001. Average carbon absorption over the past five years between 1998 and 2002 amounted to 29.8 million tonnes of CO2 per year. 

Carbon dioxide emissions from cultivated agricultural land amounted to just under 3.8 million tonnes and were about the same as for previously recorded years.  Differences are caused by smaller changes in acreage and differences in the amount of calcium bought by farmers.  
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Diagram 2.12. Total emissions of CO2 from the Land use change and forestry sectors.
2.3.7 Waste

Landfilling of waste is the second largest source of emissions of methane gas after animal husbandry. When deposited organic waste breaks down in oxygen-free conditions, gas is formed, which for the most part comprises methane. 

The potential for the formation of methane gas can be reduced by implementing measures to reduce the quantity of deposited organic waste. 

Legislation requiring certain measures to be taken have been passed in the past few years, for example a ban on depositing combustible material from the year 2002, and a ban on depositing organic material from 2005. The effect of these types of measures will first be seen in the long term, as the decline in the rate of production of methane gas is slow. Measures are required to minimise emissions of methane gas from material which has already been deposited, for example the accumulation of gas from landfill. The first plant for collecting landfill gas was set up in 1983, and the amount collected increased during the 1990s from 12,000 to 33,000 tonnes of methane gas. Emissions of methane and nitrous oxide fell by approximately 29% in the period 1990 to 2002, or approximately 788,000  tonnes carbon dioxide equivalents. The total emissions of CH4 and N2O in the waste sector was 1.96 million tonnes in 2002, calculated as carbon dioxide equivalents.
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Diagram 2.13. Total emissions of N2O from the Waste sectors.
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Diagram 2.14. Total emissions of CH4 from the Waste sectors.
2.4 Description and interpretation of emission trends for indirect greenhouse gases and SO2

2.4.1 NMVOC
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Diagram 2.15. Total emissions of NMVOC from the different sectors.
Total emissions of NMVOC were 295,000 tonnes in 2002. This is just 1,900 tonnes less than emissions in 2001. In comparison with 1990, however, emissions have fallen by 41%.

Wood burning in households and road traffic dominate emissions of NMVOC. Working machinery, certain industrial activities and solvents are also of significance as regards emissions. 

Total emissions of NMVOC did not fall between 2001 and 2002 as much as they did earlier. The energy sector (excluding transport) is responsible for approximately 40% of total emissions and the emissions have fallen during the period 1990-2002. NMVOC emissions from the energy sector increased by 4.4 percent between 2001 and 2002. This is likely an effect of an increase in the burning of wood as fuel in ‘other sectors’, where emissions per unit of fuel are greatest. The amount of bio fuel used in industry has fallen by an equivalent amount, but emissions per unit of energy have been lower there 

The transition to water-based paints has been an important change as regards solvents, and has meant lower emissions. 

2.4.2 NOX
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Diagram 2.16. Total emissions of NOx from the different sectors.
Emissions of nitrogen oxides amounted to 242,500 tonnes in 2002, which was a fall of almost 82,000 tonnes, or 25% compared with 1990, and a fall of almost 5,000 tonnes compared with 2001.

Traffic is a main source of emissions of nitrogen oxides, as is diesel-driven working machinery. The absolute highest levels of nitrogen oxides are recorded in areas where people congregate, originating from road traffic emissions, especially in the densely-populated areas. The introduction of catalytic converters in cars just before the start of the 1990s and the increasingly stringent regulations regarding exhaust fumes since then have contributed to a general fall in nitrous oxide levels in densely-populated areas. Emissions of nitrogen oxides from working machinery have also fallen, with the introduction of regulations for new vehicles regarding exhaust fumes. The introduction of district heating and the so-called NOx-tax in the beginning of the 1990s has meant that the energy sector’s contribution to total emissions has fallen markedly. The trend towards reduced emissions has been counteracted, however, by the increase in road traffic. 

Total NOx emissions are falling steadily year by year – but the energy sector (excluding transport) is not contributing to the fall in emissions, instead the emissions are fairly stable. 

2.4.3 CO
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Diagram 2.17. Total emissions of CO from the different sectors.
The trend regarding emissions of CO has been the same as for NOx emissions. Emissions fell from 1,202,000 tonnes in 1990 to 766,500 tonnes in 2002. 97% of emissions come from the energy sector.

2.4.4 SO2
[image: image56.wmf]0

10 000

20 000

30 000

40 000

50 000

60 000

70 000

80 000

90 000

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

Gg CO2 equiv.

N2O

CH4

CO2

emissions

(without

LUCF)

Diagram 2.18. Total emissions of SO2  from the different sectors.
Emissions of sulphur dioxide come from the energy and industrial sectors and fell from 106,000 tonnes to 58,500 tonnes in the period 1990 to 2002. This is a reduction of 45%. 

Total sulphur dioxide emissions continue to be much lower than emissions in 1990.. The energy sector, excluding transport, is responsible for 70% of these emissions, and emissions from the energy sector have fallen sharply since 1990 as well. The reduction depends on a change-over from oils with high sulphur content to low-sulphur oils. The last year, between 2001 and 2002, there is however a small increase in the emissions of sulphur dioxide from the energy sector. This could be caused by two factors: The first is that consumption of heavy fuel oils has increased. The increased consumption can be seen in both the industrial sector and in the so-called ‘other sector’. In the ‘other sector’ (i.e. housing, service, agriculture etc) a regular change-over has occurred from using domestic heating oil to using heavy fuel oils. The other factor is that consumption of coal and coke has increased in the iron, steel and metalwork industry, which very probably is the result of an increase in production in this industrial sector. Coal and coke have high emission factors as regards sulphur dioxide. 

3 Energy (CRF sector 1)

3.1 Overview 

Energy consumption per capita is high in Sweden compared to other OECD countries. This is partly a result of the abundance of natural resources such as forests and hydropower, which led to the early and rapid expansion of energy-intensive industries. Sweden’s geographical position, with low mean annual temperatures and low population density also explains the high demand for heating. The energy sector, including transport, has long accounted for the major part of Swedish greenhouse gas emissions, and carbon dioxide dominates overwhelmingly in this sector. However, carbon dioxide emissions per capita are relatively low in Sweden compared with other industrialised nations. This is due to a relatively high use of hydropower and nuclear power and low use of fossil fuels, as well as the use of energy and carbon dioxide taxation for limiting the emissions of carbon dioxide.

In the energy sector, the most important emissions of greenhouse gases are emissions of CO2, which has about 95% of total green house gas emissions (in CO2 equivalents). The transport sector is the biggest contributor of emissions, followed by Energy Industries and Manufacturing Industries and construction. Total emissions of CO2 has varied slightly during the time series from 1990 to 2002, but are almost on the same level in 2002 as 1990. Emissions of total greenhouse gases from the whole Energy sector has decreased from 51 514 Gg CO2 equivalents in 1990 to 50 535 Gg CO2 equivalents in 2002. 

3.2 Source category description

3.2.1 Energy Industries, CRF 1A1

3.2.1.1 Public electricity and heat production, CRF 1A1a

The Swedish production of electricity is characterised by large amounts of hydropower and nuclear energy. Only a small share of the electricity production is based on fuels used in conventional power plants. Public electricity and heat use vary between different years due to, for instance, variations in outdoor temperatures. In addition, the production of electricity based on fuels depends, to a large extent, on the climate. Years with a dry weather and cold winters lead to increased use of fuel in electricity production since hydropower output declines and more electricity is needed for space heating. The largest emissions from electricity production were hence in 1996, due to very dry weather. To produce a time series without fluctuations caused by weather changes, a normal year correction is done - see Annex 4.  Electricity heating and district heating are the most common forms of heating for dwellings and premises. Increased use of district heating since 1990 for heating homes and commercial/industrial premises have led to increased energy efficiency and emissions have thereby decreased. Emissions of nitrous oxide (N2O) have increased from electricity and heat producers because of the increased burning of biomass fuels that produces somewhat higher emissions of nitrous oxide than fossil fuels. 

Electricity is an important energy source in the primary industry, which is dominated by pulp, paper and steel industry.

District heating production is currently based, to a large extent, on biomass fuels and waste. There has been a change from fossil fuels towards biomass fuel in the district-heating sector since 1990. In 2001, nearly 65% of all fuels used in district heating were based on biomass fuels and waste, compared to only 30% in 1990. There has been a large increase in the use of district heating from 123 PJ (1990) to 163 PJ (2001) during the period but, due to the change to more biomass fuels, greenhouse gas emissions from district heating is at about the same level in 2001 as in 1990.
The number and distribution of Swedish energy plants in 2001 are presented in Table 3.1 below.
 There have been very small changes during the 1990s in the number of plants and their installed effect in the electricity sector, while the number of district heating plants for heat production only have increased.

Table 3.1 Number and distribution of Swedish energy plants in 2001

	Type of plant
	
	
	Number of plants
	
	Effect Mw

	Total number of energy plants
	2020
	
	

	Total number of district heating, heat production only
	335
	
	

	Total number of power plants
	1685
	
	33 835

	Power generation not based on fuels 
	1517
	
	16 863

	
	- Wind
	570
	
	(295)

	
	- Water
	947
	
	(16 568)

	Power generation based on fuels
	168
	
	16 972

	
	- Power
	59
	
	

	
	
	- Nuclear power
	
	4
	(9 436)

	
	
	- Other
	
	55
	

	
	- Power and heat production
	109
	
	

	
	
	- Manufacturing industries, ISIC 10-37
	
	49
	

	
	
	- Energy plants, ISIC 40
	
	60
	


3.2.1.2 Refineries, CRF 1A1b

There are five refineries in Sweden. Three of these refineries produce fuel products such as gasoline, diesel and heating oils. The other two refineries mainly produce bitumen products and naphtenic special oils. One facility has a catalytic cracker and four of the facilities have a sulphur recovery plant. Refineries process crude oil into a variety of hydrocarbon products such as gasoline and kerosene. During the refining process, dissolved gases are separated, some of which may be leaked or vented during processing. Refinery outputs referred to as refined products, generally contain negligible amounts of methane and should hence not be estimated according to the IPCC Guidelines.

3.2.1.3  Manufacture of Solid Fuels and Other Energy Industries, CRF 1A1c

The sector is dominated by two plants belonging to one company, producing coke to be used in blast furnaces for the production of iron. The plants are integrated into the iron and steel production industry. Other fuel combustion in manufacturing of solid fuels and fossil fuel combustion in manufacturing of nuclear power is also included in CRF 1A1c.

3.2.2 Manufacturing Industries and Construction, CRF 1A2

A limited number of industries account for the majority of industrial energy use, i.e. the pulp and paper industry, iron and steelworks and chemical industry together account for about 70% of the energy used. In spite of rising industrial production, oil consumption has fallen sharply since 1970. This has been possible because of increased use of electricity and greater energy efficiency.

In 2002, Sweden had 47 paper mill plants, 165 sawmills (production capacity >10 000 m3/year) and 45 pulp industry plants. In total, they were producing 11.4 million tons of paper, 11.6 million tons of sawn timber and 11.9 million tons of pulp.

In Sweden, there are two iron and steel works basing their steel production on iron ore pellets in blast furnaces. There are also 11 plants producing steel based on scrap iron The Swedish iron and steel works produce 3 respectively 2 million tons of steel per year, in total.

The chemical industry produces a number of different products such as chemicals, plastics, solvents, petrochemical products etc. In total, around 60 plants are included, of which 10 use 85% of the energy according to activity data used for the emissions calculations.

3.2.3 Transport, CRF 1A3

On average, Swedes travel 44 km per individual per day by various modes of transport. The Swedish road network is comprised of around 137 000 km of public highway and road traffic dominates for both transport of goods and persons. Road traffic accounts for the largest emissions increase since 1990, but emissions from civil aviation and railways have decreased. The car is the most common mode of transport in Sweden, regardless of purpose, and it is used for almost 60% of all journeys. Car travel is also the second most common way of travelling abroad, after air travel and followed by travel by ship. 

Energy use in the transport sector is dominated  by gasoline followed by diesel and aviation fuel. Energy use in this sector has been rising since 1970, as a consequence of the overall growth in transport and, hence, the emissions of carbon dioxide have also risen. Since 1990, the use of catalytic converters has increased, resulting in smaller emissions of methane, NMVOC and NOx, but higher emissions of N2O.

3.2.4 Other sectors, CRF 1A4

CRF 1A4 includes emissions from combustion in the commercial sector, institutions, households, agriculture, forestry and fishing. The largest users of energy are dwellings and premises. In Sweden, the heated area in this sector is 594 million m2, where of households have a heated area of 425 million m2 and premises have a heated area of 169 million m2.

The most common ways to heat these areas are by district heating and electricity. Dwellings and premises have increased their use of district heating by 30% from 1990 to 2002. In this sector, the use of oil in local oil pans has decreased by 70% during the same period. The biggest change is for multi-dwelling buildings.

Changes in energy use in agriculture, fishing and forestry have been small since 1990.

About 16% of the energy consumed in Other sectors is used by working machinery and off-road vehicles.

3.2.5 Fugitive emissions

During all of the stages from the extraction of fossil fuels to final use, the escape or release of gaseous fuels, volatile components or absorbed gases may occur. These fugitive emissions are intentional or unintentional releases of gases from extraction point to final oxidation. In particular, they may arise from the production, processing, transmission, storage and use of fuels, and include emissions from combustion only where it does not support a productive activity (e.g. flaring).

Fugitive emissions in Sweden include the flaring of coke oven gas, blast furnace gas and steel converter gas, transmission losses of gas works gas and natural gas, and storage and handling of oil in refineries, depots and gasoline distribution.

3.3 Methodological issues

3.3.1 Data sources, CRF 1A

Activity data used in the energy sector is based mainly on statistics on fuel consumption carried out by Statistics Sweden. In sections 3.3.1.1 to 3.3.1.6, the different energy surveys by Statistics Sweden are described. Other data sources are described in sections 3.3.1.7 and 3.3.1.8.

3.3.1.1 Quarterly fuel statistics

Quarterly fuel statistics (often referred to only as quarterly statistics) are used in all years for data on stationary combustion in the CRF sector 1A1a, in CRF 1Ab for data on biomass, waste and peat to the reference approach, and finally in CRF 1Ad for data on feedstocks and non-energy use of fuels. 

Quarterly fuel statistics are also used for stationary fuel-related emissions in CRF 1A1b-c, 1A2, 1B1, 2C and 2D in 1997-1999 (since industrial statistics were insufficient for these years, see section 3.3.1.2 below).

Finally, quarterly fuel statistics are used for information on in-house (own-produced) fuels 1990-1996 1A1b-c, 1A2, 1B1, 2C and 2D in CRF since the industrial energy statistics (see section 3.3.1.2 below) did not cover own-produced fuels during these years.

Quarterly fuel statistics are carried out by postal sample survey, collecting data on all fuel consumption from all companies in the energy sector, the pulp and paper industry and the manufacturing industry with higher fuel combustion than 325 toe, covering about 85% of the total energy consumption within the sector. The survey should cover all own-produced and bought fuels. (In some cases it has been noted that not all ownproduced fuels were covered. In those cases supplementary data has been collected to assure complete time series, see chapters 3.3.1.8 and 3.3.4.2 below.) It also covers whether fuels are used as raw materials or for energy purposes. The survey is sent to working units
. The sample to the quarterly statistics is based on the yearly industry statistics described below, except for electricity and heat producers where it is a total survey. 

To achieve a better sample frame, the quarterly statistics are upgraded with information from the most recent year when the industry statistics were a total survey, i.e. 1999 was upgraded with the information from the 1996 Industry Survey and 2001 was upgraded with information from the 2000 Industry Survey. To compensate for companies not in the sample and companies not responding to the survey, all fuel consumption is enumerated with an enumeration factor that is produced from information on the line of business, number of employees and business volume from the most recent year when the industry statistics were a total survey. There is, however, no enumeration for manufacturing industries with less than 10 employees (their total energy use is estimated to about 1370 TJ each year).

In the inventory, microdata is used so that all data is on plant level and by fuel type. Data for the iron and steel industry are specially processed to suit the needs of the inventory, see also section 3.3.4.2 below. The properties of the quarterly fuel statistics are summarised in Table 3.2 below.

Table 3.2. Summarised properties of quarterly fuel statistics used in the inventory.

	Year
	Type of survey
	Coverage
	Adjustments
	Quality

	1990-1996, ownproduced fuels
	Quarterly sample survey to companies consuming more than >325 toe
	Working units in energy industries and manufacturing industries, all fuel combustion
	Enumeration to reach the level of industrial statistics
	Good

	1997-1999
	Quarterly sample survey to companies consuming more than >325 toe
	Working units in energy industries and manufacturing industries, all fuel combustion
	Enumeration to reach the level of industrial statistics
	Good


3.3.1.2 Industrial energy statistics

The industrial energy statistics (often referred to only as industry statistics) are used to update emissions from stationary combustion in the CRF sectors 1A1bc, 1A2, 1B1 and 2C and 2D for reporting to the UNFCCC. An exception is the period from 1997-1999, when it was not possible to use the industry statistics (see below).

Industrial energy statistics is based on a yearly survey to manufacturing companies. The industry statistics are carried out once a year to a large number of companies. In 1990-1996 and in 2000, all companies with more than 10 employees were included. In 1997-1999 and in 2001-2002, it was conducted as a sample survey to companies with less than 50 and more than 10 employees and as a total survey to all companies with more than 50 employees. In 1990-1996, only purchased fuels where surveyed but, since 1997, information on all fuel consumption was collected. The industry statistics for 1997-1999 can unfortunately not be used in the inventory since the quality was not sufficiently good to be used for emissions calculations. Instead, data from the quarterly statistics (see section 3.3.1.1 above) has been used for these years. 

The response rate to the industry statistics is about 80%. To compensate for non-response, the fuel consumption is enumerated with an enumeration factor based on the line of business, number of employees and business volume. There is no enumeration for manufacturing industries with less than 10 employees. The estimation is that their energy use is about 1370 TJ each year. A special form is sent to electricity producing companies within manufacturing industries, where fuels used for electricity production respectively manufacturing purposes are specified. All manufacturing industries with electricity production are included in the survey every year. In the inventory, micro data is used so that all data is on plant level and by fuel type. The properties of the industrial energy statistics are summarised in Table 3.3 below.

Table 3.3. Summarised properties of industrial energy statistics used in the inventory

	Year
	Type of survey
	Coverage
	Adjustments
	Quality

	1990-1996, purchased fuels
	Yearly total survey to all companies with more than nine employees
	Working units, purchased fuels, quantity and economic value
	Enumeration to represent all companies with more than 9 employees
	Not so good quality for quantity, good quality for economic value

	1997-1999
	Yearly total survey to all companies with at least 50 employees and a stratified sample of companies with 10-49 employees
	Working units purchased and own-produced fuels
	Enumeration to represent all companies with more than 9 employees
	Good on national level and on coarse branch level, bad for single fuel types and single branches

	2000
	Yearly total survey to all companies with more than nine employees
	Working units, purchased and own-produced fuels
	No adjustments
	Excellent

	2001-2002
	Yearly total survey to all companies with at least 50 employees and a stratified sample of companies with 10-49 employees
	Working units, purchased and own-produced fuels
	Enumeration to represent all companies with more than 9 employees
	Good


3.3.1.3 One- and two-dwelling statistics

One- and two-dwelling statistics are used, together with multi-dwelling statistics (below), to calculate emissions from stationary combustion in households, CRF 1A4b.

This is a sample survey conducted each year to collect data on the use of electricity and heat for a total of 7 000 one- and two-dwellings. The survey has a random sample from a real estate assessment, which includes all dwellings with a value higher than 50 000 SEK. Every third year, a postal survey collects data from agricultural properties. The sample in this sector is 3 000 objects. The use of diesel in one- and two-dwellings is based on a model: from total delivered amount of diesel, diesel for transports and other purposes is subtracted. Remaining amount of diesel, the estimate for the consumption in dwellings, is cross-checked against other information in the survey. Activity data in the inventory is taken from an official Statistical Report.
 Data is on national level by fuel type and of relatively good quality.

3.3.1.4 Multi-dwelling statistics

Multi-dwelling statistics are used, together with one- and two-dwelling statistics (above), to calculate emissions from stationary combustion in households, CRF 1A4b.

This is a sample survey carried out each year, sent to 7 000 multi-dwelling buildings, covering the use of electricity and heat. This survey is based on a random sample from a real estate assessment. The real estate assessment includes all dwellings with an economic value higher than 50 000 SEK. The use of diesel in multi-dwelling buildings is estimated together with the use in one- and two-dwellings, see 3.3.1.3 above. Activity data in the inventory is taken from an official Statistical Report.
 Data is on national level by fuel type and of relatively good quality.

3.3.1.5 Premises statistics

Premises statistics are used to calculate emissions from stationary combustion in the commercial and institutional sector, CRF 1A4a.

This survey is a sample survey carried out each year to 8 225 premises, covering the use of electricity and heat. Premises situated in an industrial area are not covered in the dataset. These premises are covered in the yearly industrial energy statistics and are reported in Manufacturing Industries and Construction (CRF 1A2). The use of diesel in premises is estimated in a similar way as for dwellings, see 3.3.1.3 above.
Activity data in the inventory is taken from an official Statistical Report.
 Data is on national level by fuel type and of relatively good quality.

3.3.1.6 Statistics on the supply and delivery of petroleum products

Statistics on the supply and delivery of petroleum products are used to calculate emissions from mobile combustion. Data from the survey is used on national level and by fuel type. Emissions are reported in CRF 1A2f, 1A3, 1A4b, 1A4c, 1A5b and 1C. These statistics are also used for the reference approach in CRF 1Ab for all fuels except biomass, waste and peat.

This survey collects data monthly from all oil companies and other sellers who have stocks of petroleum products and coal. The survey also collects stock data from companies with a large consumption of oil in the manufacturing industries and energy industries. Fuel used for domestic and international navigation are separated. The only fuels not covered are biomass, waste and peat. 
All figures are double-checked by Statistics Sweden and all wholesale dealers. The investigation is carried out through a postal survey, which includes 70 companies.

3.3.1.7 Other statistics from Statistics Sweden

Data used in the inventory for stationary fuel consumption in the construction sector (reported in CRF 1A2f), agriculture, forestry and fishing sectors (CRF 1A4c) are taken from an official Statistical Report.
 Data is on national level and by fuel type. Fuel consumption for these sub-sectors has been estimated with the aid of  extrapolations of old results, adjusted for each year on basis of added value or number of working hours to estimate the fuel consumption. Total consumption for these sectors is checked against fuel deliveries and is therefore correct, so possible errors only occur in the allocation between these sectors.

Fuel consumption for the construction sector is based on an old survey (1985), upgraded with the building volume each year.

Fuel consumption used in agriculture is based on two surveys on the agricultural sector conducted each third year. The first survey is a sample survey that collects data about energy use in greenhouses and another sample survey collects data for energy use in the other parts of the agricultural business (fuel consumption in households in the agricultural sector is not included here as this is included in the one- and two-dwellings statistics, see above). Estimates for each year are calculated on basis of these surveys and added value or number of working hours each year. 
Fuel consumption in forestry has not been investigated since 1985, the estimate has only been upgraded with the felling volume each year.

Fuel consumption in the fishing sector has been  estimated by adjusting old results using the fisheries fleet engine capacity each year.

3.3.1.8 Other data sources

For emissions from mobile combustion, data from the Swedish National Rail Administration, the Swedish National Road Administration, the Swedish Biogas Association, SCAA (Swedish Civil Aviation Association), the Swedish Armed Forces and several official reports is also used. See section 3.3.4.3 below. 
Most data on fuel consumption in refineries is collected directly from the companies, see section 3.3.4.2 below. 

The majority of data on fuel consumption in chemical industries is collected directly from the companies, see section 3.3.4.2 below.
3.3.2 Thermal values

Where nothing else is mentioned, thermal values for each fuel type are produced by Statistics Sweden based on information from industry. All thermal values refer to net calorific values as recommended by IPCC. Most thermal values are calculated on the basis of chemical qualities and are considered to be of good quality. The thermal values for different oils are based on information from the Swedish Petroleum Institute (SPI). For some fuel types (coal, coke oven gas and blast furnace gas), the thermal values vary for different years, due to that these thermal values are based on information from the users and on the energy content of the fuels. For carbon products, such as coal and coke, it is harder to establish the thermal value, due to the lack of information on the energy content on imported fuels. 

3.3.3 Emission factors

National emission factors (EF) are calculated by the Swedish EPA and used for emissions from stationary combustion and for fugitive emissions, where there are no other sources available. They are based on results from measurements and national studies as well as from studies of international EF and judgments of their relevance to national conditions. EF depend on type of fuel, type of plant and abatement equipment. For some unusual fuels, no specific EF are available and hence EFs from similar, more common fuels are used. 

Emission factors for mobile combustion are national and default values are from Corinair. These are described further in section 3.3.4.3 below. 

EFs for CO2 from coke oven gas, blast furnace gas and LD gas have been updated for this submission.
Emission factors for CO2 for coke oven gas, blast furnace gas and steel converter gas, for the two iron- and steel-producing plants with iron ore based steel production, have been changed for all years, see Table 3.4. The new EF for coke oven gas and steel converter gas are the same factors used by one of the plants in carbon balances to calculate emissions in 2001. The carbon balances are made to control the flow of carbon and are based on the carbon content in incoming and outgoing materials:

Coke oven: coal + blast furnace gas ( coke oven gas + coke + slag + tar + benzene

Blast furnace: coal + coke + iron pellets + limestone + briquettes ( blast furnace gas + pig iron + slag + soot

Steel converter: crude iron + carbide ( steel converter gas + crude steel + slag 

The quality of the EF seems to be good for coke oven gas in 2001 and generally for steel converter gas. Unfortunately, carbon balances are only available for one plant and only for the years 2001 and 2002. Hence the uncertainty of the values is higher for the years surrounding 1990 (about +/-10%) than for the years surrounding 2000 (about +/- 5%). 

The emission factor for CO2 for blast furnace gas is calculated by Jernkontoret (the Swedish Steel Producers’ Association).
 This emission factor is a mean value calculated on the basis of yearly values for a long period of time. The emission factor seems to be acceptable for Swedish conditions. The corresponding value used by the plant in the carbon balance is even higher, which does not seem correct when comparing the values with the IPCC default value. Hence, the emission factor calculated by the Swedish Steel Producers’ Association has been used for all years.
Table 3.4. New emission factors for coke oven gas, blast furnace gas and steel converter gas

	Emission factor CO2 (g/MJ)
	Coke oven gas
	Blast furnace gas
	Steel converter gas

	IPCC default 
	47.7
	242
	-

	Submission 2004 (all years)
	46.4
	299
	187


Emission factors for CO2 from gas/diesel oil and residual fuel oil are revised in this submission and is in the unit ton CO2/m3. For more information see chapter 3.6 below.

Thermal values and emission factors are enclosed in Appendix 16.

3.3.4 Estimation of emissions from fuel combustion, CRF 1A

For the energy industry, a combined Tier 2 and 3 method (sectoral approach) is mainly used and the result is checked by calculating emissions with the Tier 1 method (reference approach), see section 3.3.5. Emissions from fuel combustion in Sweden are, if not specifically mentioned, determined as the product of fuel consumption, thermal value and emission factors: 

Emissionsfuels (unit)=
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Fuel consumption (unit) * thermal valuefuels * EFfuels

Emissions of CO2 from gas/diesel oil and residual fuel oil are, as discussed in chapter 3.3.3 above and 3.3.6 below, calculated as

Emissionsfuels (unit)=
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Fuel consumption (m3) * EFfuels

3.3.4.1 Energy Industries - stationary combustion, CRF 1A1

Public Electricity and Heat Production, CRF 1A1a

Activity data for emissions in CRF 1A1a are taken from quarterly statistics (see section 3.3.1.1 above), except for emissions of CO2, SO2 and NOx from the combustion of hazardous waste. Hazardous waste is combusted at one plant in Sweden and CO2, SO2 and NOx are measured continuously in the smoke gases at this plant.

Emissions have been recalculated for all years due to new activity data on blast furnace gas and steel converter gas - see section 3.3.4.2 below.

Petroleum refining, CRF 1A1b

The statistics for CRF 1A1b are based on a total of 11 companies with the same Swedish Standard Industrial Classification (petroleum refining). Five of these companies are real refineries and they use over 99% of the energy in the sector and thereby give rise to most of the emissions. The other six companies are oil companies, mainly involved in production of lubricating grease, which means that they are working with products from refineries and therefore should be reported as a refinery according to the guidelines.

All emissions have been recalculated in this submission for the five real refineries. Activity data has been collected directly from each company for 1990-1999, since the industrial statistics (see section 3.3.1.2 above) and quarterly statistics (see section 3.3.1.1 above) did not account for all fuels produced within the refineries in these years. The corresponding energy content in all fuels has also been collected and individual thermal values have been calculated for each operator and fuel. For 2000-2002, industrial statistics could be used for all refineries except one, where data was collected directly from the company in 2000 and from the legal environmental report in 2001.

For two refineries, the units have been changed for all years, due to a former error. For one refinery, LPG had been reported both as LPG and included in reported refinery gases. To avoid double counting and to establish a consistent time series, the LPG has been excluded for the years 2000-2001.
Four refineries use refinery gases as fuel and, in this submission, the CO2 emission factor has been revised and the IPCC default values are now used, instead of the EF for “Other petroleum”.

Activity data for the other six oil companies has been collected in the industry statistics for all years, see section 3.3.1.1 above.

The recalculations of all refineries have resulted in a more accurate and comparable time series, since the same sources and the same fuels are reported for all years. The calculated emissions from the refineries are comparable with reported emissions in the companies´ legal environmental reports for 2000 and 2001. 

Manufacturing of solid fuels and other energy industries, CRF 1A1c

Emissions from fuel combustion in the manufacturing of solid fuels and nuclear power are reported under CRF 1A1c, in line with IPCC Guidelines. This includes emissions from combustion in coke ovens in the iron and steel industry (new for this submission). New activity data has been collected by Statistics Sweden for all years to ensure that fuels used in coke ovens are reported separately in CRF 1A1c. More information about the recalculations can be found in chapter 3.3.4.2.

3.3.4.2 Manufacturing Industries and Construction, CRF 1A2

For Manufacturing Industries and Construction, a combined Tier 2 and 3 method (sectoral approach) is mainly used and the result is compared by calculating emissions with the Tier 1 method (reference approach), see section 3.3.5. Emissions from fuel combustion in Sweden are, if not mentioned below, determined as the product of fuel consumption, thermal value and emission factors: 

Emissionsfuels (unit)=
[image: image12.wmf]å

Fuel consumption (unit) * thermal valuefuels * EFfuels

Activity data is, if not mentioned below, collected from industrial statistics (see section 3.3.1.2 above) for 1990-1996 and 2000-2002 and from quarterly statistics (see section 3.3.1.1 above) for 1997-1999. 

Iron and steel, CRF 1A2a

In Sweden, there are two plants for iron and steel production that base the production on iron sinter reduction in a blast furnace process, instead of melting iron/steel scrap. To reduce the iron (lower the oxygen content) coke and coal is injected, resulting in blast furnace gas that is collected and later used as fuel in coke ovens, blast furnaces etc. 

In this submission, emissions from these two plants have been recalculated and redistributed in several CRF codes for all years to be in line with IPCC Guidelines, see Table 3.5.

Emissions from all combustion of fuels to produce heat in the steel converter and rolling mill have been reported in CRF 1A2a - Iron and steel production. Emissions reported in the other CRF codes are further described in each section.

Table 3.5 Distribution of emissions from iron and steel industry in different CRF codes

	Emissions source
	Fuel
	CRF
	Sector

	Energy plants within the iron and steel plant area
	Coke oven gas and blast furnace gas, oil
	1A1a
	Public electricity and heat production

	Coke oven
	Coke oven gas and blast furnace gas
	1A1ci
	Manufacturing of solid fuels

	Steel converter and rolling mill
	Coke oven gas, propane, oil
	1A2a
	Iron and steel production

	Flaring
	Coke oven gas, blast furnace gas and steel converter gas
	1B1c
	Other fugitive emissions from solid fuels

	Blast furnace
	Blast furnace gas
	2C1
	Iron and steel production


The emission factors for CO2 coke oven gas, blast furnace gas and steel converter gas have been changed for all years, see section 3.3.3.

CO2 emissions arising from the use of limestone in blast furnaces will create small amounts of pollution when the gas is burned, which should be reported in CRF 2A3. However, since these emissions are mixed with those from blast furnace gas, it is hard to estimate what parts of the emissions come from the limestone. Therefore, emissions from combustion of blast furnace gas also include carbon from the use of limestone.

The new method for calculating emissions from integrated iron and steel works, new emission factors and activity data have resulted in a more comparable and accurate time series. 
Non-Ferrous Metals, CRF 1A2b

Activity data is taken from quarterly fuel statistics and industrial energy statistics, see sections 3.3.1.1 and 3.3.1.2 above.

Chemicals, CRF 1A2c

Due to an irregular time series in the quarterly statistics and industrial statistics (see sections 3.3.1.1 and 3.3.1.2 above) within this sector, the whole time series has been revised. Contact has been taken with several companies resulting in exclusion of incorrect data, exchange of some activity data and inclusion of some new activity data. The recalculations have resulted in a more accurate and comparable time series.

Pulp, Paper and Print, CRF 1A2d

Activity data is taken from quarterly fuel statistics and industrial energy statistics, see sections 3.3.1.1 and 3.3.1.2 above.

Food Processing, Beverages and Tobacco, CRF 1A2e

Activity data is taken from quarterly fuel statistics and industrial energy statistics, see sections 3.3.1.1 and 3.3.1.2 above.

Other, CRF 1A2f

Emissions from stationary combustion in mining and quarrying and the manufacturing of different products such as textiles, wearing apparel, leather, wood and wood products, rubber and plastics products, other non-metallic mineral products, fabricated metal products and manufacturing of different types of machinery are calculated with activity data from industrial statistics and quarterly statistics, see sections 3.3.1.1 and 3.3.1.2 above.

Emissions from stationary combustion in the construction industry are calculated from activity data from an official Statistical Report,
 see also section 3.3.1.7 above.

Emissions from working machinery in the construction industry are calculated using models described under CRF 1A3e, in section 3.3.4.3 below, and activity data from the statistics on the supply and delivery of petroleum products, see section 3.3.1.6 above.

3.3.4.3 Transport, CRF 1A3 

Calculations are mainly based on the supply and delivery of petroleum products statistics, see section 3.3.1.6. To give more complete and correct estimations of national emissions, additional information on fuel consumption and emissions from transport is collected from several governmental organisations. Because of difficulties in establishing various background data for the compilation of emissions from transport, complementary country-specific calculations are performed when necessary.

The delivered amount of fuels, according to the supply and delivery statistics, are distributed into subcategories as follows:

Gasoline

Table 3.6 gives a brief overview of the sources of gasoline distribution. It is assumed that 1.5% of the delivered amount of gasoline is used by domestic small boats.
 The uncertainty in this assumption is not known. For off-road vehicles and other machinery, a constant amount of use is set for 1995-2002 (174 920 m3).
 For 1990, 132 000 m3 is estimated,
 and estimates for 1991-1994 are interpolated. Exact amounts for military road transport and navigation are given by the Swedish Armed Forces and it is assumed that the remaining fuel consumption is used by road traffic. The distribution of gasoline consumption for different vehicles in road traffic (cars, light trucks/lorries, mopeds and motorbikes) is based on estimates made by the National Road Administration, according to the EMV (Emissions from road traffic) model.
 The model has been developed by VTI (the Swedish Road and Transport Research Institute) at the request of the Swedish EPA. Fuel consumption for road traffic is 11%-14% lower for different years between 1990-2002 when compared with emissions from the EMV model, but no special trend is shown. 

Table 3.6 Estimation of gasoline distribution

	Sector
	Estimation of amount of gasoline consumed

	Small boats
	1.5% of delivered amount of gasoline according to Swedish EPA report 3993 (1992) 

	Off road vehicles and other machinery
	According to IVL report L99/21 (1999), ÅF Industriteknik AB (1990) and 3K Engineering AB (1989)

	Military road transports
	Exact amount given by the Swedish Armed Forces

	Military navigation
	Exact amount given by the Swedish Armed Forces

	Civil road traffic
	Remaining fuel consumption


Figure 3.2. below shows the approximate distribution of the delivered amount of diesel oil and gasoline for 2001. Civil road traffic accounts for almost all gasoline consumption, whereas the remaining gasoline is more equally divided among the other transport sectors.

Diesel

Calculations are based on the total delivered amount of diesel distributed to subgroups.
 Table 3.7 gives a brief overview on the sources of diesel distribution. Very precise information on the consumed amount of diesel is collected from the Swedish National Rail Administration and the Swedish Armed Forces. Consumed amount for domestic navigation is given in the supply and delivery statistics for petroleum products, see section 3.3.1.6. For off-road vehicles, a constant amount is set (1 314 410 m3)
 for the whole time series. Diesel consumption for road traffic is estimated by the EMV model.

Table 3.7 Distribution of diesel on sectors

	Sector
	Estimation of amount of diesel consumed

	Railway
	Exact amount given by the Swedish National Rail Administration 

	Military road transport
	Exact amount given by the Swedish Armed Forces 

	Military navigation
	Exact amount given by the Swedish Armed Forces 

	Domestic navigation
	Background data Statistics Sweden EN31SM

	Off road vehicles and other machinery
	According to IVL report L99/21

	Civil road transport
	EMV Model estimation from the Swedish National Road Administration


Consumption in the different sectors is estimated. The difference between the total delivered amount and the sum of the sectors will result in a remaining amount (3-25% of total delivered amount of diesel for the different years between 1990-2002, no trend is shown). This remaining amount is distributed among sectors that are harder to estimate according to their relative size, see Figure 3.1.
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Figure 3.1 Current model for allocating delivered amount of diesel on subgroups without correction for private storing.
In previous submissions, emissions from diesel oil in the transport sector has been estimated without consideration to the progression in the Swedish diesel consumption towards a higher usage of diesel environmental class (EC) 1 in the later years compared to the yearly 90’s. 

In this submission, information on distribution on environmental classes for diesel from the Swedish National Road Administration for the years 1990-1993 and Statistics Sweden for the years 1994-2002 together with statistics from the Swedish Petroleum Institute (SPI) regarding emission factors (tonne CO2/m3) for the different EC’s has been used to estimate yearly averages on diesel emission factors (tonne CO2/m3). 

Figure 3.2 shows the approximate distribution of the delivered amount of diesel oil and gasoline in 2001. As for gasoline, diesel from civil road traffic counts for the majority of the consumption. However, diesel from off-road vehicles and other machinery also contributes a considerable amount.
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Figure 3.2. Approximate distribution of delivered amount of diesel oil and gasoline in 2001

Residual fuel oil

It is assumed that all residual fuel oil within mobile combustion is used in navigation.

Aviation kerosene, jet gasoline and aviation gasoline

It is assumed that all aviation kerosene, jet gasoline and aviation gasoline is used in aviation. Jet gasoline is only used by the military and only between 1980-1993.

Alternative fuels

It is assumed that all alternative fuels, i.e. biogas, ethanol, RME (Rapeseed Methyl Ester) fuel and natural gas are used in road traffic. 

Civil Aviation, CRF 1A3a

Information on emissions from annual legal environmental reports published by the Swedish Civil Aviation Administration (SCAA) do not correspond with the CRF reported emissions, since the definition of domestic traffic differs in the published materials. Hence this information has to be adjusted to be used in the calculations.

SCAA calculates emissions from aviation based on statistics on the number of flights between city pairs (domestic and international), type of aircraft, amount of fuel needed for different flights and emissions per fuel on specific flights, based on data on aircraft performance during different phases of the flight and the distance between destinations. This information is summed up into groups: domestic landing and take-off (LTO), domestic cruise, international LTO and international cruise. This is according to CORINAIR guidelines.
 Thus, the results can be used for international reporting. Good data exists from 1995 onwards. SCAA also compares the data with information from Statistics Sweden on the delivered amount of fuel. Coherence between these two sources has been relatively good, the difference is between 2.9% and 14.6% during the period 1995-2002.

Emissions from military use of aviation fuel are separated and reported under Other – mobile sources (CRF 1A5b).

Emissions from aviation within agriculture and forestry are currently reported together with other domestic aviation. (According to the IPCC Guidelines, these emissions should be reported separately under CRF 1A4c.)

Emissions of CO2 from 1990-2002 are based on the delivered amount of fuel, thermal values from Statistics Sweden, country-specific emission factors from the Swedish EPA and quotas for domestic/international and LTO/cruise from SCAA. The method for estimating CO2 emissions meets the standards for Tier 2. For 1990-1994, the quotas are estimated in cooperation between SMED and SCAA, based on the mean value for LTO cycles for domestic and international flights in 1995-2000. 

Emissions of SO2, NOx and CO are based on information from SCAA, adjusted for the delivered amount of fuel to air traffic. Emissions of NMVOC and CH4 are calculated on the basis of emissions of hydrocarbons from SCAA and emission factors from CORINAIR. N2O emissions are based on the number of LTO cycles, from a SCAA report
 and emission factors from CORINAIR. Emissions from both CH4 and N2O are estimated using Tier 2. 

For 1990-1994, all non-CO2 emissions were calculated by SMED in cooperation with SCAA, due to the lack of activity data. Based on CO2 emissions, fuel and energy consumption and SO2 emissions could be calculated. Emissions of CO were calculated by comparing the relationship between CO and CO2 in 1995, and the same percentage quota (4.85% of CO2 emissions) was used for 1990-1994. Emissions of NOx were calculated in a similar way as for CO. The percentage quota was relatively stable over the years and therefore the mean value was calculated as 4.026% of CO2 emissions and used for 1990-1994. The emissions of HC in 1990-1994 were calculated by extrapolation.

Road transport, CRF 1A3b

Estimated emissions from road traffic in the inventory are, to a large extent, based on calculations performed by the Swedish National Road Administration by using the EMV model. However, due to different methods of calculations, the estimated emissions differ slightly. The Swedish National Road Administration aims to describe what is happening on Swedish roads, regardless of where the fuel was bought or nationality of vehicle, and does not take the delivered amount of fuel directly into account. In this inventory, only emissions from fuel bought in Sweden should be accounted for. An overview is given in Table 3.8.

Table 3.8 Emissions from road transport reported by SNRA and in the CRF
	Fuel bought in
	Traffic on Swedish roads
	Traffic in Sweden, not on roads
	Traffic to/from other country
	Traffic in other countries 

	Sweden
	CRF 1A3b

SNRA
	CRF 1A3b
	CRF 1A3b *

SNRA to the Swedish border
	CRF 1A3b *

	Other country
	SNRA
	Not reported
	SNRA to the Swedish border
	Not reported


* Since the IPCC Guidelines do not consider international bunkers for road transportation, all emissions from road traffic and fuel bought in Sweden is considered to be domestic and thus reported under CRF 1A3b.

The EMV model is a PC program to which the user inserts data. The model estimates emissions using information on total and average vehicle mileage, age of vehicle, emission standards, emission factors, fuel quality and consumption, average load, deterioration factors, emissions from cold starts and evaporations.

The EMV model output can be separated into 11 different vehicle categories, and they are, in turn, separated for different fuel types, urban/rural area, duration of transport, etc. For each vehicle type, there are descriptions of emissions (CO2, CO, HC, NOx, SO2, Pb, and particles) and specific fuel consumption.

Data on emission factors for passenger cars until the year 1996 are based on FTP (Federal Test Procedure) measurement cycles performed by the MTC (Motor Test Center). Emission factors for heavy duty vehicles in the EMV model are based on simulations on road traffic using a mechanistic model, VETO, developed by VTI. Data on light duty trucks are based on six gasoline and two diesel oil vehicles. Emission factors for mopeds and motorcycles are based on Swedish EPA. Estimations on cold starts have been produced using the COLDSTART model.

Military road transport is included in the EMV model and is therefore separated from civil road transport by using information from the Swedish Armed Forces, to be in accordance with the IPCC Guidelines.

Emissions of CO2 and SO2 from combustion of gasoline are based on thermal values and country-specific emission factors from Statistics Sweden and the Swedish EPA. Emissions of CO2 are estimated using a top-down approach and are therefore to be considered as Tier 1. The emission factor for SO2 from gasoline and diesel has been calculated by SMED using information on sulphur content from the Swedish Petroleum Institute (SPI) and Preem, one of the largest oil companies in Sweden, and the distribution on environmental classes as reported in the supply and delivery statistics for petroleum products (see section 3.3.1.6). 

Emissions of HC, NOX and CO are collected from the EMV model. Emissions of HC are separated into NMVOC and CH4, according to quotas for CH4 from the Swedish EPA, based on measurements from the MTC (Motor Test Center) car exhaust laboratory. Emissions of N2O are calculated on the basis of traffic activity data from the bottom-up EMV model, emission factors from CORINAIR and a VTI report.
 Estimated emissions of CH4 and N2O can both be considered as Tier 2.

For alternative fuels (0.8% of all fuel used for road transport in 2001), several emissions parameters have not been calculated because the emission factors cannot be used due to lack of knowledge about their quality. However, calculations for SO2 and CO2 have been carried out. According to the National Road Administration, an assumption is made that all vehicles are driven by gasoline and diesel and, therefore, the total emissions from the EMV model shall be interpreted as emissions from all fuels. The current calculations give assumptions about CO2 from alternative fuels, such as natural gas, for the whole time series. There is also some activity data for calculations of CO2 and SO2 from ethanol, RME and biogas for 1998-2002. Biogas consumption, thermal values and emission factors for ethanol and biogas have been collected from the Swedish Biogas Association. Since thermal values and emission factors for RME are not available, an assumption is made that the thermal value for RME is the same as for diesel and that the emission factors for CO2 and SO2 from RME are the same as for natural gas.
Railways, CRF 1A3c

Information on emissions from railways is collected from legal environmental reports from the Swedish National Rail Administration, which gives information on the consumed amount of diesel based on fees paid by operators. These estimates are considered to be of very high quality.

Emissions of CO2, SO2 and NOx are taken directly from annual legal environmental reports of the Swedish National Rail Administration, and are in accordance with Tier 2. The reported consumed amount of diesel oil is used by SMED to calculate emissions of NMVOC and CH4, along with emission factors based on total emissions of hydrocarbons. NMVOC and CH4 are separated from emission factors from CORINAIR. For emissions of N2O and NH3, default emission factors from CORINAIR have been used as well. For estimations of CH4 and N2O emissions, Tier 1 is used. On recommendation from the National Rail Administration, emissions of CO have been estimated to be 20% of NOx emissions.

Navigation, CRF 1A3d

The allocation between emissions from navigation is summarized in Table 3.9.

Emissions from domestic navigation and bunker emissions cannot be compared with emissions reported by the National Administration of Shipping and Navigation, since the latter include emissions from the whole Baltic Sea region.

Emissions from domestic navigation are calculated on the basis of fuels that are bought and consumed in Sweden.
 Emissions from fuels that are bought in Sweden and used abroad are reported separately as international bunker emissions.

Table 3.9 Reporting of emissions from navigation, according to IPCC Good Practice Guidance
	Fuel bought in
	Traffic between Swedish harbours
	Traffic between Swedish and international harbours
	Traffic between two international harbours

	Sweden
	Domestic, 1A3d
	International bunkers, 1C
	International bunkers, 1C

	Other country
	Not included 
	Not included 
	Not included 


All emissions are estimated using Tier 1. Emissions of CO2 and SO2 are calculated on the basis of delivered amounts of fuels, emission factors and thermal values from Statistic Sweden. The emission factors for SO2 for diesel and residual fuel oil have been calculated by SMED, based on the division of fuels in different environmental classes and their sulphur content. Emissions of NOX, NMVOC, CH4, CO, N2O are all based on delivered amounts of fuels and calculated with emission factors from CORINAIR for gasoline and diesel.

Activity data and emission factors for navigation will be further investigated. 

Other transportation, CRF 1A3e

Emissions reported under CRF 1A3e refer to off-road vehicles and other machinery. Emissions from off-road vehicles and other machinery are also reported under CRF 1A2f, 1A4b and 1A4c, according to IPCC guidelines. The distribution of gasoline and diesel consumption for off-road vehicles and working machinery in different sectors (Agriculture, Forestry, Residential, Industrial and Other) is based on a Swedish EPA internal report, in turn based on Kindbom and Persson,
 see Table 3.10.

Table 3.10 Distribution of fuel consumption on sectors for off-road vehicles and working machinery
	CRF
	Sector
	Diesel consumption
	Gasoline consumption

	1A2f
	Industrial
	50.6%
	2.5%

	1A3e
	Other
	9.2%
	6.0%

	1A4b
	Residential
	1.5%
	86.2%

	1A4c
	Agriculture and Forestry
	38.7%
	5.3%


During 2003, all non-CO2, from this sector have been revised for the whole of the 1990s to ensure consistency between years. In previous submissions, emissions and fuel distribution for off-road vehicles and working machinery in different sectors (Agriculture, Forestry, Residential, Industrial and Other) were based on a Swedish EPA report.
 In the 2004 submission, a revision of the time series for the whole decade was performed. Since no consistent year-specific data on either emission factors for CH4, N2O, NOx, CO and NMVOC, or fuel distribution was not available forany year except 1999, data for 1999
 was assumed for the whole decade as well. For the years 2000-2002 estimations are performed using information on emissions of CH4, N2O, NOx, CO and NMVOC for 1999 and delivered amount of fuels for 2000-2002. Hence, the emissions time serieses mostly reflects the variation in fuel consumption for the time period 1990-2002. 

All estimated emissions from this sector are based on the delivered amount of fuels, see section 3.3.1.6, and therefore considered to be Tier 1.

Emissions of CO2 and SO2 for 1990- 2002 are calculated on the basis of emissions factors and thermal values from Statistics Sweden and the Swedish EPA. The emission factor for SO2 has been estimated on the basis of the distribution between environmental classes for diesel and gasoline in the supply and delivery statistics for petroleum products (section 3.3.1.6) and on information on the sulphur content in fuels (SPI and Preem).

3.3.4.4 Other Sectors, 1A4

In Other sectors both stationary and mobile combustion occurs.

For emissions from stationary combustion, activity data is collected from an official Statistical Report,
 and based on surveys/models described in sections 3.3.1.3, 3.3.1.4, 3.3.1.5 and 3.3.1.7 above. Emissions are calculated as described at the beginning of section 3.3.4.

Table 3.11 show estimated usage of different fuels for stationary combustion distributed on sub sectors in Other sectors in the year 2002.
Table 3.11 Estimated sectoral usage of fuels in 2002.

	Sub sector
	CRF code
	Coking coal, other bituminous coal (tonne)
	Wood, wood waste (toe)
	LPG (tonne)
	Gas/diesel oil (m3)
	Residual fuel oil (m3)
	Natural Gas (m3)
	Gas works gas (m3)

	Construction
	1A2f
	0
	0
	1 289
	117 903
	7 500
	0
	0

	Commercial / Institutional
	1A4a
	0
	14 880
	0
	146 938
	2 250
	11 591
	1 096

	Other services
	1A4a
	0
	42 514
	64 444
	202 370
	1 500
	24 235
	9 867

	Residential
	1A4b
	0
	926 811
	6 444
	1 112 156
	14 250
	105 369
	88 807

	Agriculture/ Fisheries
	1A4c
	2 126
	4 251
	2 578
	80 068
	8 250
	24 235
	0

	Forestry
	1A4c
	0
	0
	0
	9 679
	4 500
	0
	0


For emissions from mobile combustion, activity data is collected from statistics on the supply and delivery of petroleum products, see section 3.3.1.6 above, and then modelled as described under Other transport CRF 1A3e, in section 3.3.4.3 above.

Commercial/Institutional, CRF 1A4a

Only emissions from stationary combustion are reported for this sector. The emission increased significantly during 2001. The increase was caused by a change in methodology; before 2001 use of biofuels was estimated by using a model, and since 2001 the emissions have been calculated based on activity data from Premises statistics, see section 3.3.1.5 above.

Residential, CRF 1A4b

Emissions from stationary and mobile combustion are reported for this sector. 

Used activity data for stationary combustion is from One- and two-dwellings statistics and Multi-dwellings statistics, see sections 3.3.1.3 and 3.3.1.4 above. 

For emissions from mobile combustion, activity data is collected from statistics of supply and delivery of petroleum products, see section 3.3.1.6 above, and then modelled as described under Other Transport CRF 1A3e, in section 3.3.4.3 above.

Agriculture/Forestry/Fisheries, CRF 1A4c

Emissions from stationary and mobile combustion are reported for this sector. 

Used activity data for stationary combustion is taken from an official Statistical Report
 and based on models, see section 3.3.1.7 above.

For emissions from mobile combustion, activity data is collected from statistics of supply and delivery of petroleum products, see section 3.3.1.6 above, and then modelled as described under Other Transport CRF 1A3e, in section 3.3.4.3 above.

3.3.4.5 Other, CRF 1A5

The only other emissions from combustion in Sweden are from military transport.

Military transport, CRF 1A5b

Emissions are based on the consumption of fuels for all military activities according to information from the Swedish Armed Forces and are therefore considered as Tier 1. Fuel consumption from some military activities such as FMV (Swedish Defence Material Administration), FORTV (the Swedish Fortification Department), FOI (Swedish Defence Research Agency) and FRA (National Defence Radio Institute) are not included in the calculations.
Emissions of CO2 are calculated directly from the fuel combustion mentioned above and can be considered as Tier 1. Emissions calculated by the Road Administration (see section 3.3.4.3 above) include military emissions. For all non- CO2 emissions, it is assumed that the same percentage of emissions as for CO2 each year, come from military use. For all years, this percentage is separated from emissions calculated by the Road Administration and reported under 1A5b. CH4 and N2O emissions from the military are both based on a top-down approach, using consumed amount of fuel (for aviation and navigation) and a bottom-up approach, using data from the EMV model (road transport). Hence, both Tier 1 and Tier 2 are used for estimated emissions in this sector.

Please note that estimates of emissions from military aviation do not take into account the difference between LTO and cruise.

Emissions from military navigation are calculated using the same emission factors as for civil navigation.

Additional activity data on diesel oil usage from the military stationed abroad for 1990-2002 is included in the 2004 submission and reported under CRF 1C, International bunkers, Marine.

3.3.5 Reference Approach, CRF 1Ab

The Reference approach includes all domestic fuel consumption in Sweden regardless of sector since it is not possible to separate fuels consumed in CRF 1B and 2 on this level. The Reference Approach is based on the supply of fuels. The main source for this table is the supply and delivery of petroleum products statistics (see section 3.3.1.6 above). Since biomass, waste and peat are not covered in the supply and delivery statistics, data from consumers and a bottom-up approach for these fuel types are used. The source for biomass, waste and peat is a combination of the sources mentioned before (see section 3.3.1.1). 

Stocks, imports and exports of biomass, waste and peat are not known and therefore not estimated.

Data on international bunkers for navigation is given in the supply and delivery statistics (section 3.3.1.6). International bunkers for aviation are calculated from information from SCAA, see under Civil Aviation in section 3.3.4.3 above.

Emission factors in Reference Approach are the same as for the Sectoral Approach, multiplied by 12/44 to convert the CO2 EF to a C EF. Exceptions from this rule are emission factors for the fuel types presented in Table 3.11.

Table 3.11. Special emission factors used for the Reference approach.

	Fuel type
	EF used in Reference Approach

Gg C/TJ
	Source for EF

	Bitumen
	28.09
	Swedish EF for Coke

	Petroleum coke
	28.09
	Swedish EF for Coke

	Refinery feedstocks
	20.54
	Former Swedish EF for Diesel oil

	Other oil
	20.54
	Former Swedish EF for Diesel oil

	Lignite
	24.74
	Swedish EF for Coal

	Gaseous biomass
	15.41
	Swedish EF for Natural gas


3.3.6 Comparison of CO2 emissions in the sectoral approach and the reference approach, CRF 1Ac and appendix 14

As discussed in chapter 3.3.5 above, the Reference approach shows all domestic fuel consumption, regardless of sector. The large differences between approaches according to table 1Ac are mainly due to the fact that a lot of fuel in Sweden is consumed and thus reported in CRF 1B and 2. 
CRF table 1Ac consists of links from all relevant tables in CRF 1A. There are, however, no links to other sectors relevant for the use of fuels, i.e. CRF 1B and CRF 2C-D. Since a significant amount of fuel is used in different industrial processes in Sweden, Sweden has developed a country specific analysis of differences between the reference approach and sectoral approach.

In order to follow the recommendations in IPCC Good Practice Guidance and ensure that no omissions or double counting occurs, it is necessary to compare results in the sectoral approach (calculated bottom-up) with results in the reference approach (calculated top-down) in a way that is fully applicable for the Swedish inventory. For this purpose, a country-specific comparison table has been developed. It is presented in Appendix 14 for all years 1990-2002. Large differences indicate possible errors, and according to the Guidelines, differences should be investigated if they are larger than +/-2%.

The results of the country-specific comparison are presented in table 3.12 below. The differences for the period 1990-2002 that remain unexplained vary from 0.43% to 5,65% for energy consumption and from 0.17% to 3.75% for CO2 emissions.

The general reason for the remaining differences between reference and sectoral approach according to the country-specific analysis in Appendix 14 is that the energy statistics are not fully adapted for making emissions estimations. To calculate the total energy use by energy carrier and sector, there are different methods in the energy statistics, which could cause these differences in energy use. More information about differences between reference and sectoral approach are provided in a PM made by Statistics Sweden.

For all years, there is a big difference in the reported energy consumption for solid fuels. This is due to that transformation losses (energy losses) in the iron and steel industry are not yet specified in the sectoral approach. Please note that CO2 emissions (and other emissions) are correctly reported and thus not affected. All gases, which are possible emissions, produced when coal and coke are combusted (transformed) are collected and later used in other parts of the plant as fuels. Emissions occur when the different gases are combusted, see section 3.3.4.2 above, and all gases are accounted for. The transformation losses are probably about 30 000 TJ each year. In the 2005 submission, these losses will be estimated and the energy amount will be reported for each year.

Table 3.12. Differences between Reference and Sectoral approach according to country-specific analysis in appendix 14 when all fuel consumption in the inventory is accounted for, 1990-2002.

	Year
	Difference for energy use
	Difference for CO2 emissions

	1990
	2.39%
	-0.86%

	1991
	1.19%
	-1.83%

	1992
	-0.84%
	-3.74%

	1993
	0.43%
	-2.21%

	1994
	1.48%
	-1.43%

	1995
	4.52%
	2.13%

	1996
	3.92%
	1.91%

	1997
	2.02%
	-0.17%

	1998
	-0.57%
	-3.68%

	1999
	5.65%
	2.42%

	2000
	5.65%
	3.75%

	2001
	5.47%
	3.24%

	2002
	4.01%
	2.01%


3.3.7 Feedstocks and non-energy use of fuels, CRF 1Ad

Activity data on feedstocks and non-energy use of fuels is collected from the quarterly fuel statistics, see section 3.3.1.1 above.

Estimates of carbon stored is derived by simply multiplying given energy amount with emission factors for CO2 (as given in chapter 3.3.5 above and appendix 16) multiplied by 12/44
.

3.3.8 Fugitive emissions from fuels, CRF 1B

3.3.8.1 Solid fuels, CRF 1B1

There are no coal mines in Sweden and, hence, no fugitive emissions from coal mines.

As a consequence of the new method for calculating emissions from the iron and steel industry (see section 3.3.4.2 above and section 3.6 below), fugitive emissions from transmission losses of coke oven gas and blast furnace gas are no longer reported. Instead, in this submission, flaring of coke oven gas, blast furnace gas and steel converter gas are reported. The emissions from flaring of these solid fuels are calculated with the same equation as for emissions from stationary combustion, Tier 2, and reported under CRF 1B1c. Table 1B1 is not really designed to include flaring, but since CRF 1B2 only refers to liquid and gaseous fuels, it was not possible to report this flaring in Table 1B2.

In addition to emissions from flaring, SO2 emissions from quenching and extinction at coke ovens are reported in CFR 1B1b. These are the only sources of fugitive emissions from solid fuels in Sweden.
3.3.8.2 Oil and natural gas, CRF 1B2

Refineries, CRF 1B2aiv

Sweden calculates fugitive non-CO2 emissions by using the Tier 2 method. The Tier 2 method requires data on plant level and Sweden is using data produced by the refineries themselves, presented in their annual legal environmental reports. Emissions are reported from catalytic cracking (NOx), desulphurisation (SO2) and from the storage and handling of oil (NMVOC). 

Fugitive emissions of NMVOC from refineries include emissions from the process area as well as emissions from the refinery harbours when loading tankers. The estimates are mainly based on reported data from the facilities legal environmental reports that can be found in C-EMIR (the emissions database of the county administrative boards) and older reports from the Swedish EPA 
, 
, 
, 
 and Statistics Sweden .
 The activity data, as throughput of crude oil, is known for almost all years. Emission factors have been developed, based on reported emissions and known activity data. Emissions for years, for which either activity data or emissions data is missing, have been calculated using the emission factors thus developed.

In Table 3.13, available information has been compiled and adjusted as accurately as possible.

Table 3.13 Throughput of crude oil in refineries and estimated fugitive emissions of NMVOC (tons) 1990-2001

	Year
	Throughput of crude oil


	Fugitive emissions from refining/storage

	Fugitive emissions from distribution (harbours, loading at refineries)
	Total emissions of NMVOC



	Code
	
	
	
	1B2a

	1990
	17 330 000
	11 933
	2 475
	14 408

	1991
	17 600 000
	10 444
	2 456
	12 900

	1992
	17 870 000
	8 489
	2 472
	10 961

	1993
	18 723 684
	7 848
	2 463
	10 311

	1994
	18 192 000
	6 433
	2 458
	8 933

	1995
	18 130 000
	6 141
	1 502
	7643

	1996
	*
	8 209
	1 452
	9 661

	1997
	20 100 000
	8 347
	1 402
	9 749

	1998
	20 254 000
	8 155
	1 352
	9 507

	1999
	19 483 034
	9 048
	1 302
	10 350

	2000
	20 253 120
	10 318
	1 250
	11 568

	2001
	19 669 316
	8 885
	910
	9 795

	2002#
	19 669 316
	8 885
	910
	9 795


* Not available

# Same as 2001, no new information available for 2002

Gasoline distribution, CRF 1B2a v

The calculation of the NMVOC time series for fugitive emissions from gasoline distribution, 1990-2001, are based on annual national petrol consumption and assumptions on the share of gasoline evaporated at different stages of the handling procedure, as well as effects of applied abatement technology at gasoline stations
 (Concawe 85/54). The basic assumptions are presented in Table 3.14.

Table 3.14 Basic assumptions for calculating fugitive emissions from the handling and distribution of gasoline

	Density of gasoline
	730 kg/m3
	

	Distribution of gasoline to gas stations
	0.16 %
	of distributed volume

	Spill
	0.01 %
	of distributed volume

	Filling of car tanks
	0.18 %
	of filled volume

	Measures at distribution to gas station
	90 %
	efficiency of measures

	Measures at filling cars
	70 %
	efficiency of measures


The measures at distribution and filling were introduced over a period of time from 1991-1994, to the extent presented in Table 3.15 The amount of gasoline sold at large and small gas stations was assumed to be 50/50 for the years between 1990-1994. 

Table 3.15 Fraction of gasoline stations with technical measures installed

	Year
	Large gas stations (>2000 m3)
	Small gas station

	1990
	0%
	0%

	1991
	50%
	0%

	1992
	75%
	25%

	1993
	100%
	75%

	1994-
	100%
	100%


The distributed amount of gasoline is taken from the survey “Statistics of supply and delivery of petroleum products”, see section 3.3.1.6 above. Distributed amount of gasoline and estimated fugitive emissions of NMVOC for 1990-2002 can be viewed in Table 3.16.

Table 3.16. Distributed amount of gasoline and estimated fugitive emissions of NMVOC (metric tons) 1990-2001.

	Year
	Volume of gasoline (m3)
	Fugitive emissions of NMVOC (tons)

	1990
	5 630 000
	14 385

	1991
	5 700 000
	11 755

	1992
	5 879 000
	9 227

	1993
	5 600 000
	4 650

	1994
	5 655 329
	3 303

	1995
	5 762 693
	3 365

	1996
	5 682 309
	3 318

	1997
	5 576 692
	3 346

	1998
	5 429 396
	3 258

	1999
	5 453 218
	3 272

	2000
	5 372 801
	3 224

	2001
	5 418 329
	3 251

	2002
	5 524 759
	3 315


Depots, CRF 1B2a v

Calculated fugitive emissions of NMVOC from the storage of oil products have been obtained from the Swedish Petroleum Institute (SPI).
 Calculations were based on the amount of gasoline handled in the depots, based on Concawe 85/54. Approximately 20 depots have been considered during later years. Gas recovery systems and the recovered amount of gas have been considered in the calculations. Some years, when no data was provided, were interpolated. Handled amount of gasoline and fugitive emissions of NMVOC from depots for 1990-2002 can be seen in Table 3.17.

Table 3.17. Handled amount of gasoline and fugitive emissions of NMVOC (ton) from storage at depots, 1990-2001

	Year
	Amount of gasoline

(m3)
	Fugitive emissions of NMVOC

(metric tons)

	1990
	5 630 000
	2 478

	1991
	5 700 000
	2 220

	1992
	5 879 000
	2 149

	1993
	5 600 000
	2 077

	1994
	5 655 329
	2 006

	1995
	5 762 693
	1 934

	1996
	5 682 309
	1 861

	1997
	5 576 692
	1 772

	1998
	5 429 396
	1 682

	1999
	5 453 218
	1 593

	2000
	5 372 801
	1 503

	2001
	5 418 329
	1 414

	2002
	5 524 759
	1 414


Transfer losses, CRF 1B2avi and 1B2biii

Reported fugitive emissions from natural gas and gas works consist of the difference between the delivered amount and the consumed amount. The gases are delivered in pipelines and fugitive emissions cannot occur, according to wholesale dealers. The difference could be due to measurement differences, if gases are measured at different temperatures/pressures at different points in the system. Sweden chooses to report these differences as emissions. The uncertainty in the estimates is therefore very high.

Venting and flaring, CRF 1B2c

Venting and flaring of liquid or gaseous fuels is currently not estimated in Sweden. There are, however, indications that such venting and flaring occurs. We intend to improve the inventory and include venting and flaring of liquid and gaseous fuels when possible.
3.3.9 Fuel bunkers, CRF 1C

Emissions from international bunkers are not included in the national total and are instead reported separately, in accordance with IPCC Guidelines for aviation and navigation.
Emissions from national navigation derive from fuels bought in Sweden and used for all inland water transportation, and shipping between Swedish harbours. International bunkers are defined as fuels bought in Sweden, by Swedish- or foreign-registered ships, and used for all transport to non-Swedish destinations. Statistics on international bunker fuels are based on information from the monthly survey on supply and delivery of petroleum products, see section 3.3.1.6 above.
National aviation includes air transportation purchasing fuel in Sweden and landing on Swedish government airports. International bunkers from aviation are fuels bought in Sweden and used for flights to non-Swedish destinations. This includes the whole flight cycle, i.e. both LTO and Cruise, see also sections 3.3.4.3 and 3.3.5 above.

3.4 Uncertainties and time-series consistency

3.4.1 Uncertainty analysis 

The uncertainty analysis tables are presented in chapter 1.7 above together with an general description of the uncertainties.

For the energy sector, the largest uncertainties comes from emission factors, especially for N2O and CH4. The emission factors have not been updated since 1996, but will be.
3.4.2 Time series consistency

The time series are consistent. However, the following should be noted:

Aviation, CRF 1A3a: Due to a lack of data from 1990-1994, we have been forced to extrapolate from 1995. This is in line with the Good Practice Guidance but means that the estimates for the early 1990s are uncertain.

Off-road vehicles and other working machinery 1A2f, 1A3e, 1A4b and 1A4c: Activity data for gasoline consumption is missing for 1991-1994 and therefore interpolated. Both diesel and gasoline consumption are set to constant amounts for several years, diesel for all the years between 1990-2002 and gasoline for the period 1995-2002. Note that the diesel consumption is adjusted as described in section 3.3.4.3. Emissions from CH4, N2O, NOx, CO and NMVOC – from 1990-1999 - are calculated using the same emission factors as for 1999, and emissions for the years 2000-2002 are based on data for 1999. Hence, the time series mostly reflects the variation in fuel consumption for this period.
3.5 QA/QC and verification

3.5.1 Quality Assurance

Sweden is currently working with the development of the quality assurance procedures. These procedures will be fully implemented in 2005 at the earliest.

3.5.2 Quality control

All Tier 1 general inventory level QC procedures, listed in IPCC Good Practice Guidance section 8, have been performed but are not currently documented in a systematic way. We should mention the following performed activities in particular:

The time series for all revised data has been studied carefully in search for outliers and to make sure that levels are reasonable.

Data have, when possible, been compared with information in legal environmental reports.

Remarks in reports from the UNFCCC have been carefully read and taken into account.

The reference and sectoral approaches have been compared, see 3.3.6 above.

3.6 Recalculations

In this chapter explanations and justifications for recalculations in the Energy sector are made, as well as a description of significant implications for emission levels.

CRF 1A: All emissions from  natural gas for 2001 are adjusted (some higher and some lower), due to updated thermal values for these fuels, see section 3.3.2.
CRF 1A and 1C: CO2 emissions from diesel oil, domestic heating oil and residual oil in all sectors under 1 A – Energy (also including 1Ab and 1Ad) and 1 C – Bunkers for the years 1990-2001 are recalculated in this submission. This has resulted in somewhat lowered emissions with the largest implication in 2001 when emissions was lowered by 1%. See also chapter 10.
In January 2004 a Swedish expert panel meeting was held with members from Statistics Sweden, Swedish National Road Administration, Swedish Petroleum Institute, Swedish EPA and the Swedish Energy Agency. It was decided that the emission factors (ton CO2/m3) for these three fuels should be revised for the whole time series. Revision of thermal values including implication on non-CO2 emissions will be revised in submission 2005. 

New information on emission factors (ton CO2/m3) for all fuels the years 1990-2002 were provided by SPI. It was agreed that the progression in the Swedish diesel consumption towards a higher usage of diesel environmental class (EC) 1 in the later years compared to the early 90’s should be accounted for. CO2 emissions from diesel in mobile usage were estimated based on information on yearly consumption of different diesel EC’s from the Swedish National Road Administration for the years 1990-1993 and Statistics Sweden for the years 1994-2002. CO2 emissions from diesel in stationary usage were based on the assumption that all consumption was derived from EC 2, due to lack of information on distribution among the different EC’s. The expert panel also came to the conclusion that the fuel quality of domestic heating oil was equivalent to diesel EC 3 and therefore the same EF should be applied for both fuels. EF for CO2 for stationary usage of residual oil was set to a fix value for the whole time period 1990-2002. Due to an ongoing project regarding emissions from navigation, no revision has been made for CO2 emissions from residual oil in navigation.

CRF 1A1a: Emissions from public electricity and heat production have been recalculated for all years due to new activity data on consumed gases from the iron and steel industry. The changes have not caused any specific changes to emissions levels.

CRF 1A1b: The whole time series has been recalculated for refineries due to new activity data. The changes have resulted in more accurate and comparable time series. The emissions have decreased significantly from 1990-1999 (15-40% decrease of energy use) and have increased slightly in 2000 and 2001.

CRF 1A1c: Emissions from the production of coke are reported in this submission for all years in the section Manufacture of solid fuels instead of the section on iron and steel production.

CRF 1A2a: The whole time series for iron and steel production has been recalculated due to new activity data, new emission factors on coke oven gas, blast furnace gas and steel converter gas and due to the new allocation of emissions from the iron and steel industry. The recalculations have resulted in significant changes in this sector and for instance the CO2 emissions have been halved since most of the emissions are reported as emissions from processes in blast furnaces (CRF 2C1).

CRF 1A2c: Due to new activity data from about 10 of the largest companies within the chemical industry, emissions from this sector have been recalculated for all years. The time series is now more accurate and regular. The emissions have increased in 1990-1999, in 1992 with over 200% for emissions of CO2. In 2000-2002 the emission levels have decreased slightly.

CRF 1A2f and 1A4, stationary combustion: New, higher emission factors for NMVOC in 1990-1992 and partly in 1997-2000 for residual oil, 1990-1992 for liquified petroleum gas, natural gas and gas works gas, and finally in 1990-2000 for coal and coke. New thermal values for 2001 for diesel oil, residual fuel oil and natural gas. Activity data for 2000 and 2001 have been updated, in previous submission preliminary data was used for these years.

CRF 1A2f, 1A3e, 1A4b, 1A4c: All non-CO2 emissions from off-road vehicles and working machinery have been recalculated for 1990-1999, due to former inconsistency in time series methodology. This has resulted in significant differences in emissions levels for several substances.

CRF 1A3a and 1A5: Emissions of CH4 and NMVOC for domestic aviation, LTO, the year 1998, have been revised, due to new information on activity data and emission factors from the Swedish Civil Aviation Administration. Furthermore, emissions from N2O from civil aviation and emissions from all substances for military aviation in 1990 are slightly adjusted, due to prior linkage errors in formulas. 

CRF 1A5b: Minor adjustments in emission factors for N2O and CH4 in the military road traffic sector for the years 1991, 1995, 1996 and 1997, due to prior linkage errors in formulas.

CRF 1A3 and 1C: A correction has been made in emission factors for CO2 and thermal values for gasoline and diesel oil, for 1998 and 1999 which resulted in significant changes in emissions 1998 (approximately 0.6 % of total CO2 emissions from energy).

CRF 1A5: The consumed amount of diesel oil used by military abroad for 2000 is adjusted, from 125 to 150 m3, due to new information from the Swedish Armed Forces. 

CRF 1B1: Emissions from flaring of gases are reported as Other fugitive emissions from solid fuels, 1B1c, for all years, instead of reporting this within iron and steel production and fugitive emissions from solid fuel transformation in CRF 1B1b.

CRF 1C: Additional activity data on diesel oil usage in military stationed abroad for all years.

3.7 Coming improvements

For future Submissions a number of actions are planned to, where appropriate, improve the quality of the inventory for the Energy sector.

Emission factors: An inventory and review of emission factors for stationary combustion will be conducted. The basis for this inventory will be reported data from different sources on the national scale.

Off-road vehicles and other machinery: Both activity data by means of a bottom-up approach and emission factors will be reviewed and updated. 

Navigation (excluding leisure crafts): Emission factors will be reviewed.

A sample survey to the agriculture business is in progress to get better data for energy use in the agriculture sector.
4 Industrial processes (CRF sector 2)

The industrial sector in Sweden has historically been dominated by base industries such as mining, the iron and steel industry and the pulp and paper industry. Other important industries when considering emissions of greenhouse gases from industrial processes include the cement industry, primary aluminium production and some processes in the chemical industry, e.g. nitric acid production. 

Among the industries in this sector, the most important emissions of greenhouse gases are CO2 emissions from the following sub-sectors: metal production, mineral products, N2O from nitric acid production, PFCs from primary aluminium production and other chemical industries. The greenhouse gas emissions from the industrial processes sector have decreased from 5372.47 Gg CO2 equivalents in 1990 to 4463.11 Gg CO2 equivalents in 2002. 

The estimated emissions of fluorinated greenhouse gases consist of emissions from the use of these in various applications, as well as PFC emissions from the primary aluminium production process. No production of halocarbons or SF6 occurs in Sweden.

The consumption of fluorinated greenhouse gases has increased substantially since 1990, with their use as refrigerants in refrigerators, freezers and air-conditioning equipment dominating in later years.

Generally two sources of information concerning activity data for the industrial process sector have been used:

1) Emission data as reported annually by facilities in legal environmental reports to the authorities.

2) National production statistics or similar information on a national level.

According to the Swedish environmental laws, operators performing environmentally hazardous activities that require a permit by law are compelled to compile and send an annual legal environmental report to their supervisory authority. The legal environmental report consists of three different parts: 

1. Basic identification information about the facility.

2. Text section (for example, a description of facility and processes, use of energy, chemicals and raw materials, emissions and conditions in the permit).

3. Emission declaration (for example, production data, fuel consumption emission data and, in some cases, information on how emission data has been determined). 

The data in the legal environmental reports often originates from measurements or surveys and refer to real emissions, derived from measurements or mass balances. The use of default emission factors is limited. Only the operators that exceed the thresholds for the substances, listed in the Swedish environmental law concerning legal environmental reports,
 are obliged to compile the compulsory emission declaration. 

The county administrative boards audit the data from the operators’ legal environmental reports and feed it into an emission database, C-EMIR. This database includes not only emissions, but also basic information about the facilities, such as their activity code (national code system, adjustment of NACE four digits), IPPC code and permit, location coordinates, etc. The procedure for updating the C-EMIR database is not regulated by legislation, which results in some inconsistencies in the database.

In cases when there is a large number of companies within a specific sector, and all legal environmental reports are not available, a combination of information from legal environmental reports and production statistics on the national level are used to estimate the sector’s emissions on a national scale. The use of emission factors is limited and, when used, they are nationally derived or specific for a facility.

Estimates of CO2 emissions from industrial processes are calculated on the basis of information about the production and use of raw materials (e.g. limestone, dolomite, carbon electrodes, relevant fuels, etc). The methodologies are in accordance with the IPCC Revised 1996 Guidelines for National Greenhouse Gas Inventories and the IPCC Good Practice Guidance. 

There are so far no systematic analyses or documentation made concerning how individual industrial facilities calculates their emissions. However, this will be addressed in the near future, at least for key source industries, according to the QA/QC plan, currently developed for the Swedish GHG emission inventories.

4.1 Mineral products, CRF 2A

4.1.1 Source category description, CRF 2A

Reported emissions include estimates for cement production (2A1), lime production (2A2), limestone and dolomite use (2A3), soda ash use (2A4), road paving with asphalt (2A6) and other (2A7). In the source category other (2A7), sinter and pelletising plants, glass and mineral wool production and glass production are included, except for emissions of CO2. No estimates were made for asphalt roofing (2A5), due to a lack of information. 

Cement production, CRF 2A1

Cement production occurs at three facilities in Sweden, with one being dominant. Emission data is, to a large extent, taken from the legal environmental reports, and calculation methods have been discussed with industry. 

Lime production, CRF 2A2

In Sweden, conventional lime is produced at a number of facilities, owned by two companies. There are also a number of smaller facilities, including both conventional producers of quicklime and hydraulic lime, and production of quicklime in lime kilns within the pulp and paper industry. Produced lime is, for instance, used in blast furnaces, in sugar and carbide production and in the pulp and paper industry to bind impurities and purify the produced material. 

Limestone and dolomite use, CRF 2A3

Limestone and dolomite are used in various processes, such as glass production, mineral wool production and iron sinter production (further described below in 2A7) and this production give rise to emissions of CO2. Glass is produced at three large facilities and a number of smaller facilities. Two companies, at a total of five facilities, produce mineral wool. 

Limestone and dolomite are also used in the production of cement (2A1) and lime (2A2).

Road paving with asphalt, CRF 2A6
Large changes have occurred in asphalt paving technology over the last decade, with a gradual change towards use of water-based emulsions instead of solvent-containing bitumen solutions. In 2002, industry representatives estimated that the naphtha content in the solutions used for road paving was on average 20 to 25 %. In the reported emissions, only NMVOC emitted in the process of paving the roads is included.
Sinter/pellets production, CRF 2A7

There are currently three facilities producing pellets in the north of Sweden but until 1995 also emissions from a, nowadays closed, sinter producing facility is reported in CRF2A7. Data on production statistics as well as on emissions has been supplied by the facilities producing sinter or pellets for the entire time period, 1990-2002. The only emissions considered in CRF 2A7, are SO2 from the sulphur content in the ore. Emissions of CO2 from the use of limestone and dolomite are reported in CRF 2A3.

Glass and mineral wool, CRF 2A7

Glass and mineral wool production occurs at five facilities run by three companies, of which two being dominant. 

Glass production, CRF 2A7

In Sweden there is one facility for float glass production, one for container glass and several small facilities for manual glass production. Only the float glass production is considered in the SO2 and NOX emission estimates, with the high temperature NOX, formed in the process, being the most important. From the container glass production only small amounts of NMVOC is reported. All other emissions from the glass production facilities are from combustion for energy purposes, and are allocated to the Energy sector (CRF 1).

Battery manufacturing, CRF 2A7

One battery producer of NiCd-batteries previously used iso-propanol in their processes, which gave rise to emissions of NMVOC. The process was changed in 1998 and, since then, no NMVOC emissions occur from this source. 

4.1.2 Methodological issues, CRF 2A

Cement production, CRF 2A1

All three cement-producing facilities (owned by one company) are covered in the reported estimates and the time series is consistent. Emissions have been estimated based on information from industry. Emissions of NOX are allocated to the energy sector while SO2 and CO2 emissions are allocated to industrial processes, according to the IPCC guidelines. 

The method for calculating emissions of CO2 from cement production has been changed for the whole time series to be fully in line with the Good Practice Guidance (Tier 2). The time series is consistent. Contact has been taken with the cement company and they have presented their method for the calculation of emissions, using a CO2 protocol made by the WRI for the WBCSD.
 The CO2 emissions are based on the produced amount of clinker, the CaO content in the clinker, the produced amount of CKD (Cement Kiln Dust) and by-pass dust. 

By using the protocol, individual emission factors might be used for most years (in line with GPG). The emission factor is about 0.53 tonnes CO2/ tonne produced clinker and the values are slightly higher than the IPCC default value (0.5071 tonnes CO2 /tonne produced clinker) because emissions from the CKD are included in the emission factor. 

Lime Production, CRF 2A2

The emissions of CO2 from the production of lime have been recalculated for all years due to new activity data on lime production based on all lime-producing companies in Sweden. The activity data covers conventional lime production and also quicklime and hydraulic lime production from in total eight plants. For these producers, the emissions of CO2 are calculated by multiplying the amount of quicklime and dolomitic lime with the IPPC´s default emission factors:

0.785 ton CO2 / ton quicklime
0.913 ton CO2 / ton dolomitic lime

Activity data also covers lime produced within the sugar industry to purify sugar. The gases produced within the lime production are reused and the carbon is bound, causing lower emissions. The calculations of CO2 emissions are based on the consumed amount of limestone. The sugar-producing company assumes that the stone used consists of 97% limestone and that the mean reuse of the emitted gases is 87.5%, which means that the emissions are that much lower than if nothing was reused.

The emission factor for limestone is (CaCO3) is 0.44 ton CO2/ ton CaCO3

Finally, activity data is based on the amount of make-up lime within the pulp and paper industry in the recycling of cooking chemicals. Most of the lime can be reused and only 5% of the lime needed is new make-up lime. The amount of make-up lime used is about 19.75 kg/ ton pulp. The emissions are calculated by using emission factors from the pulp and paper industry - see Table 4.1.

Table 4.1. Emission factors used from lime production within the pulp and paper industry
	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Emission factor (ton CO2/ton pulp)
	12.9
	12.6
	12.3
	12.0
	11.8
	11.5
	11.2
	10.5
	10.1
	9.7
	9.3
	8.9
	8.7


Please note that quicklime is also produced and used within carbide production. According to the IPCC Guidelines, CO2 emissions arising from this lime should be reported under CRF 2B4, together with other CO2 emissions from carbide production, see below.

Limestone and dolomite use, CRF 2A3

In earlier submissions, CO2 emissions from the use of limestone and dolomite were reported in CRF 2A7 (glass production and mineral wool production) and CRF 2C1 (production of ore-based iron pellets) but are, in this submission, reported in CRF 2A3 in line with the Good Practice Guidance. The calculations have been made by applying the IPCC default emission factors for limestone and dolomite used in the production of glass, mineral wool production and the production of ore-based iron pellets.

Equation for CO2 emissions from limestone (1) and dolomite (2):

Limestoneton * f * 44.0098/100.0892= ton CO2

Dolomiteton * f * 88.02/184.4 = ton CO2,

where f is the purity of the limestone and dolomite, set to 0.97 respectively 1.0 and 44.0098, 100.0892 and 88.02,184.4 are molecule weights.

For smaller glass production plants, a total standard value (900 ton CO2/year) is used for every year.

Some revised activity data has been used for 1999-2001 from the glass production industry, for 1991, 1995 and 2001 for the production of ore-based iron pellets and for 1993, 1996, 1998 and 1999 for the mineral wool production.

The emissions have increased during the time period due to higher limestone and dolomite consumption in the production of ore-based iron pellets, but also within the glass production industry. However, emissions from mineral wool production have decreased since 1990.

Soda ash use, CRF 2A4

Emissions of CO2 from soda ash use in the glass production industry are, in this submission, reported in CRF 2A4 instead of 2A7 every year, to be in line with the Good Practice Guidance. The emissions are calculated by applying the IPCC default emission factors for soda ash in the glass production:

Emissions of CO2 (ton) = Sodaton* 44.0098/105.9884 (molecule weights)
The production was partly closed down in 1999, resulting in lower emissions of CO2 from soda ash in that year. 
Road paving with asphalt, CRF 2A6

Estimates from the early 1990s were taken from investigations and inventories made in the beginning of 1990s. Data for the last three years has been calculated based on information from the asphalt producers on the average amount of solvent (naphtha) in the solutions used for road paving. The producers have also provided figures on the total amount of road paving solutions delivered in Sweden. It is assumed that all solvents in the solvent-based bitumen are emitted when used. Emissions of NMVOC reported for the years in mid- and late-1990s were interpolated (Table 4.2).

Table 4.2. Emissions of NMVOC 1990–2002 from road paving with asphalt.
	Year
	NMVOC (ton) from road paving with asphalt

	1990
	6 200

	1991
	5 900

	1992
	5 600

	1993
	5 000

	1994
	4 400

	1995
	3 800

	1996
	3 200

	1997
	2 600

	1998
	2 000

	1999
	1 600

	2000
	1 170

	2001
	1 080

	2002
	   845


Other, CRF 2A7

Specified sub-categories under this heading are sinter/pellets production, glass and mineral wool production and glass production.

Sinter/pellets production

Data on the production as well as on the emissions of SO2, originating from the sulphur content in the raw material, has been obtained from the facilities producing sinter/pellets during the period 1990-2002. Estimated emissions from combustion of fuels are included in the section on the energy sector.

Glass and mineral wool production

For glass and mineral wool production, emissions data on NMVOC has been received from one company (with three facilities) for the whole time series. A recalculated time series of NMVOC emissions based on these facilities has been developed in combination with data for some years from the remaining two facilities and earlier total estimates. The emissions of NMVOC consist of formaldehyde and phenol.

Within mineral wool production, the limestone and dolomite used causes process emissions of CO2 and are allocated in this submission to CRF 2A3, instead of CRF 2A7. For some years though (1990-1995 and 1998-1999), blast furnace slag was used in the process causing CO2 emissions as well. These emissions are reported in CRF 2A7 in this submission. New activity data on the slag consumption has been obtained for the mentioned years from the mineral wool producers. The emission factor is 0.04 ton CO2 /ton slag based on that the slag contains 1% carbon and the CO2 emissions are calculated by using the equation:

Emissions of CO2 (ton) from use of slag = Slag (ton) * 0.01 * (C content) * 44/12

Glass production

Emissions of CO2 from glass production are reported in CRF 2A3 and 2A4 in this submission instead of in CRF 2A7, as previously.

4.1.3 Recalculations

CRF 2A1: Emissions of CO2 from cement production have been recalculated for all years and are now based on the production of clinkers, including a correction for cement kiln dust, in line with the GPG. The new method caused a slight increase of emission from this sector with about 10%.

CRF 2A2: Emissions of CO2 from lime production have been recalculated for the whole time series and now include all the production of quicklime, hydraulic lime and dolomitic lime within conventional production and within the sugar and pulp and paper industry. As not all production was included earlier, the emission levels have now increased with 25-70% for different years in this sector.
CRF 2A3: Emissions of CO2 from the use of dolomite and limestone in glass, mineral wool and iron pellet production in this submission are reported in CRF 2A3 for all years, instead of including in other sectors, in line with the GPG. Some new activity data has been received from the companies, but this has not caused any changes in emission levels.

CRF 2A4: Emissions of CO2 from the use of soda in glass production is in this submission included in CRF 2A4 instead of 2A7 for every year, in line with the GPG.

CRF 2A7: Emissions of CO2 from the use of blast furnace slag in the production of mineral wool have not been calculated previously but are, in this submission, included for the years (1990-95 and 1998-99) when slag has been used. These emissions were very low (< 400 ton) and do not affect the total emission level.

4.1.4 Coming improvements

No major measures to improve estimates are presently planned..

4.2 Chemical industry, CRF 2B

4.2.1 Source category description CRF 2B

Sources covered in the reporting are nitric acid production (2B2), carbide production (2B4) and other (2B5), which includes a large variety of processes in the chemical industry. No adipic acid production (2B3) occurs in Sweden. There is an annual production of about 5 k tons of ammonia (2B1) in Sweden. Emission estimates have not yet been made due to the lack of data, and the sub-category is reported as NE in the CRF tables.

Nitric acid production, CRF 2B2

Production of nitric acid has taken place at three facilities in Sweden during 1990-2000. One of these was shut down in the end of 2000, and a second one was shut down during 2001. Therefore, there is currently only one facility producing nitric acid in Sweden. 

Carbide production, CRF 2B4

Carbide production is only carried out at one facility in Sweden.

Other, CRF 2B5

This sub-category includes various chemical industries, such as the organic and inorganic base chemical production, the production of plastics of different kinds, etc., which are not covered elsewhere. Approximately 35 larger industrial facilities are included in the emission estimates. Emissions of CH4, N2O, NOX, CO, NMVOC and SO2 are reported. It is possible that some emissions of NMVOC reported in CRF 2B5 should be reported in CRF 3C (e.g. pharmaceutical industries), but since it has been difficult to make clear the distinction between process emissions and solvent use, all NMVOC emissions from these facilities have been included in CRF 2B5.

4.2.2 Methodological issues, CRF 2B

Nitric acid production, 2B2

Activity data, such as the produced amount of nitric acid, has been obtained from the facilities and from official statistics. Emission estimates of N2O have been reported in the companies’ mandatory legal environmental reports for some years. Data, which was missing in the earlier submission, is now available, except for 1991-1993 when calculations have been made based on production statistics and an assumed emission factor (Table 4.3). The assumed emission factor of 7 kg/ton for 1991-1993 is based on the calculated emission factors for 1990 and 1994 and is in line with the default factors for nitric acid production presented in Table 3.8 in the IPCC Good Practice Guidance. 

Table 4.3. Activity data, emission factors and emissions for nitric acid production

	Year
	Production of nitric acid (Gg)
	Calculated EF (1990 and 1994-2001), (kg/t)
	Emissions of N2O, this submission (Gg)

	1990
	374
	7.02
	2.6

	1991
	395
	7.00*
	2.8

	1992
	380
	7.00*
	2.7

	1993
	369
	7.00*
	2.6

	1994
	377
	6.62
	2.5

	1995
	417
	5.48
	2.3

	1996
	400
	5.48
	2.2

	1997
	390
	5.56
	2.2

	1998
	400
	6.10
	2.4

	1999
	383
	5.58
	2.1

	2000
	430
	4.80
	2.1

	2001
	282
	5.48
	1.5

	2002
	263
	5.32
	1.4




* Emission factors have been assumed

The lower level of N2O emissions in 2001 and 2002, compared to earlier years, is a result of one facility having shut down in late 2000 and a second one during 2001. Emissions for all years, except 1991-1993, are as reported from the facilities.

Carbide production, CRF 2B4

The whole time series for emissions of CO2 and SO2 has been recalculated. For CO2, this is due to new emission factors and, for SO2, because previous estimates were not consistent in methodology and allocation of emissions.

Emissions of CO2 are calculated based on the production of calcium carbide. In the calculations, emissions from the use of limestone, gas and coke are included. The emission factor used in the 2003 submission is considered to be too high and a new emission factor for CO2 is used in this submission for all years, based on reported emissions and produced carbide presented in the 2002 legal environmental report. This emission factor of 1.25 kg CO2/ ton produced carbide is comparable with the IPCC default value of 1.37 kg CO2 / ton produced carbide.

Recalculations of the time series for SO2 emissions were made, as earlier estimates were not consistently calculated.

Other, CRF 2B5

The primary information on emissions of CH4, N2O, NOX, CO, NMVOC and SO2 is as reported by the companies in the mandatory legal environmental reports. A total number of approximately 35 facilities are included. The time series has recently been reviewed and are consistent. Process emissions of CO2 have not been estimated due to a lack of data, but are expected to be minor, considering the processes concerned. 

4.2.3 Recalculations

CRF 2B4: Emissions of CO2 from carbide production have been recalculated for all years due to a new emission factor. The new emission factor has caused decreased CO2 emissions from carbide emissions with 35% in this sector. Estimates of emissions of SO2 have been reviewed and earlier inconsistencies have been corrected.

4.2.4 Coming improvements

CRF 2B2: The methodology used by the facility to calculate N2O emissions from nitric acid production will be reviewed and documented.

4.3 Metal production, CRF 2C

4.3.1 Source category description, CRF 2C

All sub-categories are covered in the estimates, i.e. iron and steel production (2C1), ferroalloy production (2C2), aluminium production (2C3), SF6 used in magnesium foundries (2C4) and other (2C5), which consists of estimates for one large non-ferrous smelter plant.

Iron and steel production, CRF 2C1

In Sweden, there are three primary iron and steel facilities and about 10 steel plants equipped with electric arc furnaces. In total, there are approximately 20 various facilities included in the estimates. Processes occurring besides the primary processes and secondary steel production are rolling mills, pickling and other steel-related processes. 

Ferroalloy production, CRF 2C2

Ferroalloy production is reported for only one facility in Sweden. At another plant ferroalloys are produced as well, but the main production is of iron and steel at that plant and hence all emissions are reported in CRF 2C1- Iron and steel production. 

Aluminium production, CRF 2C3

There is only one facility that produces primary aluminium in Sweden. The facility consists of two plants. The first plant includes 56 closed pre-baked ovens, each of 150 kA. In the second plant, there are 3 pre-baked ovens and 259 open ovens with Söderberg anodes. The anodes are produced in the electrode pulp factory at the facility. 

SF6 used in magnesium foundries, CRF 2C4

Two magnesium foundries use SF6 as a cover gas.

Other metal production, CRF 2C5

This sub-category includes emission estimates from one large smelter producing various non-ferrous metals. 

4.3.2 Methodological issues, CRF 2C

Iron and steel production, CRF 2C1

Pig iron production in blast furnaces

Since the primary purpose of the use of coal and coke in the blast furnace is to secure oxidation and act as reducing agents, the emissions from combustion of blast furnace gas to produce pig iron in the blast furnace are to be reported as industrial processes from iron and steel production in CRF 2C1, according to the IPCC guidelines and GPG.

The recommended Tier 2 method, according to the IPCC guidelines, is to base the calculations on the amount of reducing agent, i.e. injection coal, coke oven coke and petroleum coke used in blast furnaces for the production of iron. Other information needed to use the Tier 2 method is the amount of pig iron and sludge produced as well as the amount used for steel production and produced steel, and the carbon content of all those parts. All this information is neither provided by the industrial statistics or quarterly fuel statistics (see chapter 3.3.1.1 and 3.3.1.2 above) or in the legal environmental reports. Another way to make the correct calculations of process emissions from blast furnaces, as Sweden has done, is to base the calculations on the consumed amount of blast furnace gas, as all emissions from the blast furnace are collected in this gas and emitted when combusting it.

The blast furnace gas mainly comes from coke and injection coal, but partly also from limestone. According to the IPCC guidelines, emissions of CO2 from the use of limestone should be reported separately as process emissions from limestone and dolomite use in CRF 2A3. However, since it is not known by the industry how much of the carbon in the limestone is released as CO2, how much is collected in the blast furnace gas and how much is bound in sludge, all blast furnace gas is commonly reported as process emissions within iron and steel production in CRF 2C1.

Emissions of CO2 from the use of dolomite and limestone in the production of ore-based iron sinter (pellets) are, in this submission, reported in CRF 2A3 for the whole time series.

Other iron and steel production

For 1990-1992, emissions of CO2 from the production of steel in electric arc furnaces are reported in CRF 2C1- steel production, based on the consumption of coke. These emissions are for subsequent years reported as IE (included elsewhere) under that code, referring to CRF 1A2a.

For non-CO2 emissions, the companies’ legal environmental reports are the main source of information. NOX, NMVOC and SO2 emissions emitted from electric arc furnaces are reported in 2C1. NOX may also arise from pickling and NMVOC from rolling mills. These sources are also included in the estimates.
Ferroalloy production, CRF 2C2

CO2 emissions within the production of ferroalloys are calculated based on the consumed amount of reducing agents (Tier 1a), i.e. coal electrodes and coke and their carbon content. 

The carbon content in the coal electrodes is 90% (0.9 in equation below). The thermal value for coke is 28,05 GJ/ ton coke for all years, but the emission factor has been calculated by the operator, and it changes every year due to different carbon content in the coke, see Table 4.4 below. The equation used is:

CO2 (ton) = Coketon * EF * 28.05 / 1000 + Electrodeton * 0.9* 44 / 12,

where 44/12 are the molecule weights of CO2 and carbon.

The general distribution of carbon in the ingoing and outgoing materials is:

Coke + electrode ( Ferroalloys + emissions + dust

  95% +    5%    (      10%       +   89.5%    + 0.5%

The total amount of carbon in the produced ferroalloys is presented in Table 4.4 below, and is calculated based on the carbon content in coke, electrodes and dust. The amount of carbon in the produced ferroalloys varies between 0.1-7%.

Table 4.4. Applied emission factors for coke and total amount of carbon bound in production of ferroalloys
	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Emission factor coke

g/MJ
	91
	90
	87
	85
	85
	89
	89
	88
	87
	92
	81
	87
	92

	Carbon in ferroalloys

Ton
	8 407
	8 441
	8 476
	8 300
	9 400
	8 700
	9 300
	6 400
	8 400
	7 870
	9 480
	7 590
	7 676


The method for calculating CO2 emissions has been changed for all years since the last submission. Previously, the same emission factor for coke was used for every year (103 g/MJ), which is higher than the value that the company uses. In addition, coal electrodes were not previously included in the calculations. 

Besides this recalculation, CO2 emissions from the other plant that was earlier reported in CRF 2C2 are in this submission reported in CRF 2C1 due to that the main production at that plant is iron and steel.

Emissions data on non-CO2 emissions has been obtained directly from the company for all years. The reported emissions include NOX and SO2 from the process.

Aluminium production, CRF 2C3

Primary aluminium production is carried out in one facility, where both the Pre-baked and the Söderberg processes are used. The time series of emissions compiled for primary aluminium production include emissions of CO2, PFC, NOX, NMVOC and SO2. Reported production statistics and emissions data are based on information in the legal environmental reports, with some exceptions. Emissions of NOX have been calculated from production statistics using emission factors calculated by Swedish EPA.
 The company is in the process of reviewing and recalculating their NOX emissions, but no data is available yet. NMVOC emissions have been calculated from reported emissions of tar, assuming that 70% of the tar is emitted as NMVOC (Ahmadzai, 2000). 

Calculations of emissions of CO2 from the production of aluminium are based on the mass of coal elements (anodes) and the amount of carbon that is bound in soot, according to the company. In earlier submissions, the amount of carbon in soot was not subtracted, resulting in too high emissions, since about 25% of the released carbon is bound in soot. The equation used in this submission for all years for CO2 (ton) is:

Mass anodes (100 % C) * 44/12 * 1- 0.257 (mass CO2 in soot) 

Since carbon bound in soot has been excluded, the IEF values (given as kton CO2/tonne Al produced) are lower than the IPCC default emission factors for Pre-baked and Söderberg (1.8 respectively 1.5 kton CO2/tonne produced Al) (Table 4.5).

Table 4.5. Implied emission factor for CO2 from the production of aluminium

	Year
	Aluminium production (kton)
	Emissions of CO2
(kton)
	IEF

(kton CO2/k ton Al)

	1990
	96.3
	133.12
	1.38

	1991
	96.9
	133.44
	1.38

	1992
	77.2
	100.01
	1.30

	1993
	82.4
	120.55
	1.46

	1994
	83.9
	119.59
	1.43

	1995
	95.1
	129.08
	1.36

	1996
	98.7
	136.97
	1.39

	1997
	98.8
	136.23
	1.38

	1998
	96.3
	139.10
	1.44

	1999
	99.3
	139.93
	1.41

	2000
	101.3
	144.89
	1.43

	2001
	101.8
	138.87
	1.36

	2002
	101.8
	146.00
	1.43


Source: Activity data - legal environmental reports, emissions calculated based on anodes and coal in soot, IEF-calculated based on activity data and emissions.

The two different processes for aluminium production processes, Pre-baked and Söderberg, have substantially different emission factors for PFCs. Estimates of emissions are based on the number of ovens and the number and duration of anode effects. This activity data is of good quality. Calculations of emissions of PFCs (CF4+C2F6) are made by the company, according to a formula from EAA (European Aluminium Association). Emissions of PFC in kg/ton Al=K*Anode effects in min/oven day, where K=0.12 for Pre-baked and K=0.08 for Söderberg. The PFC emissions are assumed to consist of 90% CF4 and 10% C2F6. These calculations are not necessarily according to the Good Practice Guidance and comparative calculations will be made in cooperation with the facility in the near future.
Emission estimates were obtained for 1995-2001 from the annual legal environmental reports from industry to the regulatory authorities. For 1990, expert judgements were made.
 For 1991-1994, interpolations of emissions have been made (Table 4.6). The aluminium producer is in the process of reviewing and recalculating the time series of emissions of all substances, but this work has not yet been completed. New data of better quality for the whole time series may be available for the next submission.
Table 4.6. Activity data, emissions of PFCs and calculated IEF for aluminium production

	Year
	Aluminium production (kton)
	Emissions C2F6 (ton)
	Emissions CF4 (ton)
	Calculated IEF

	
	
	
	
	kg/ton C2F6
	kg/ton CF4

	1990
	96.3
	6.5
	58.5
	0.07
	0.61

	1991
	96.9
	6.3
	56.7
	0.07
	0.59

	1992
	77.2
	6.1
	54.9
	0.08
	0.71

	1993
	82.4
	5.9
	53.1
	0.07
	0.64

	1994
	83.9
	5.7
	51.3
	0.07
	0.61

	1995
	95.1
	5.6
	50.6
	0.06
	0.53

	1996
	98.7
	4.9
	43.9
	0.05
	0.45

	1997
	98.8
	4.5
	40.1
	0.05
	0.41

	1998
	96.3
	4.3
	38.9
	0.04
	0.40

	1999
	99.3
	4.8
	42.8
	0.05
	0.43

	2000
	101.3
	3.9
	35.1
	0.04
	0.35

	2001
	101.8
	3.8
	34.5
	0.04
	0.34

	2002
	101.8
	4.2
	37.6
	0.04
	0.37


SF6 in magnesium foundries, 2C4

The total annual amount of SF6 used in the magnesium foundries is reported as emissions, according to the IPCC Guidelines and Good Practice Guidance. Data was obtained from companies using SF6 and crosschecked with information from the Product Register at the Swedish Chemicals Inspectorate. 

Other, CRF 2C5

The reported emissions of SO2 originate from the sulphur content in the raw materials used in one large non-ferrous smelter. A complete time series of SO2 emissions has been obtained from the company. 

Emissions of CO2 from copper production are estimated from the use of coal and coke in the processes. Activity data is collected from the industrial statistics and the quarterly statistics, see chapter 3.3.1.1 and 3.3.1.2 above. Thermal values and emission factors used are the same as for estimating emissions from combustion - see chapter 3.3.2 and 3.3.3 above and Annex 9.

4.3.3 Recalculations

CRF 2C1: Emissions of CO2 from the use of dolomite and limestone in the production of ore-based iron sinter are reported, in this submission, in CRF 2A3 instead of 2C1 for the whole time series, in line with the GPG.

Emissions of CO2 from the production of pig iron in blast furnaces have been recalculated, for all years, based on the use of blast furnace gas in the blast furnace cowpers. This recalculation has resulted in a significant increase in process emissions. However, it has not affected the total emission levels, since emissions from the use of blast furnace gas have earlier been reported in CRF 1A2a. Emissions of CO2 from the use of coke within pig iron production in blast furnaces have been excluded from CRF 2C1 in this submission to avoid double counting.

Accordingly, emissions of CH4, NOX, CO, NMVOC and SO2 from the production of pig iron in blast furnaces have been recalculated with the same system boundaries as for the CO2 emissions, as described above, for all years.

CO2 emissions from the use of limestone in the iron sinter industry have been reallocated to CRF 2A3 in this submission. As a result of all these recalculations, reported emissions in CRF 2C1 are on about the same level as in submission 2003.

Emissions of CO2 from the production of ferroalloys within one plant with integrated iron, steel and ferroalloy production has been allocated to CRF 2C1 in this submission for all years since the main production is of iron and steel.

CRF 2C2: Emission factors for the calculation of emissions of CO2 from ferroalloys production have changed and emissions from coal electrodes have been included for all years. The new emission factors have resulted in lower emissions levels, but the  levels has decreased with as much as 10-45% for different years in the sector due to that emissions from one of the two plants has been allocated to CRF 2C1.

CRF 2C3: Emissions of CO2 from aluminium production have been recalculated due to new information on carbon that is bound in soot instead of being emitted as CO2. The new method has resulted in lower emissions levels corresponding to about 25% of emissions in this sector.

4.3.4 Coming improvements

CRF 2C3: The method of calculating PFC emissions from aluminium production will be compared to results obtained when using the calculation method suggested in the Good Practice Guidance.

4.4 Other production, CRF 2D

4.4.1 Source category description, CRF 2D

Other production covers the pulp and paper industry (2D1) as well as estimates from the production of food and drink (2D2).

Pulp and paper, CRF 2D1

The pulp and paper industry in Sweden is an important source of industrial process emissions. 42 individual pulp and paper facilities are included in the reported emissions, as well as two manufacturers of cardboard. The kraft process dominates in Sweden but there are also six sulphite and 14 CTMP (Chemo Thermo Mechanical Pulp) or TMP (Thermo Mechanical Pulp) facilities.

Food and drink, CRF 2D2

The food and drink industry is a moderate source of NMVOC in Sweden. The industry consists of companies that produce liquors, bakeries, sugar and yeast producers, coffee roasters and animal feed producers.

4.4.2 Methodological issues, CRF 2D

Emissions of fossil CO2 are not yet estimated for this sector.

Pulp and paper, CRF 2D1

Reported emissions from the pulp and paper industry are primarily based on information about production and emissions in the companies’ legal environmental reports. The industrial organisation within this sector has, for several years, cooperated closely with its members in developing sector-specific methods of measuring and calculating emissions, which have resulted in relatively high quality emissions data.

Emissions of CO2 from spent cooking liquor/sulphur lies are calculated on the basis of activity data from the industrial statistics/quarterly statistics (see chapter 3.3.1.1 and 3.3.1.2 above), thermal values and emission factors (see chapter 3.3.2 and 3.3.3 above and Annex 9).

In the CRF tables, in CRF 2D1, there is only space provided to include emissions of NOX, CO, NMVOC and SO2. The Swedish definition of process emissions includes the combustion of spent cooking liquor which gives rise to emissions of N2O and CH4. The used emission factors for N2O and CH4 are based on measurements within the industry and expressed as g/ton of pulp. The estimated process emissions of CO2, from lime production within this industry are allocated to the CRF code 2G, other. As an ongoing process, the reburning of lime, only the make-up (intake of calcium carbonate) is included. Since the CRF is not designed to cope with process emissions of CO2 from biomass, the CO2 emissions from spent cooking liquor/sulphur lies have been reported in the documentation box at the end of Table 2. See also CRF 2G below. The reported emissions of NMVOC do not include therpenes.

Food and drink, CRF 2D2

Activity data is from official statistics and includes national production figures on products listed in Table 4.7. 

Table 4.7. Production data for each activity 1990-2000.

	Year
	Wine
	Beer, cider
	Spirits
	Bread, crispbread
	Sugar, sugar prod., etc.
	Margarine and solid cooking fat
	Cakes, biscuits and breakfast cereals
	Animal feeds
	Coffee roasting
	Yeast

	
	1000 litres
	1000 litres
	1000 litres
	1000 ton
	1000 ton
	1000 ton
	1000 ton
	1000 ton
	1000 ton
	1000 ton

	1990
	82.311
	479.555
	60.877
	279.100
	574.342
	162.042
	339.977
	2 612.216
	73.432
	18.120

	1991
	81.619
	480.082
	57.814
	278.745
	405.991
	168.555
	336.559
	2 200.764
	76.190
	18.461

	1992
	76.597
	511.292
	60.946
	283.126
	482.877
	156.048
	344.072
	2 075.289
	71.626
	18.231

	1993
	92.505
	519.688
	73.329
	278.075
	536.102
	191.796
	351.404
	2 521.988
	71.260
	18.401

	1994
	137.994
	545.341
	108.903
	281.424
	505.582
	197.233
	390.327
	2 660.405
	70.365
	18.140

	1995
	62.361
	551.562
	61.359
	290.964
	513.145
	192.439
	352.323
	2 531.113
	76.415
	18.613

	1996
	29.030
	564.424
	26.278
	353.474
	159.665
	76.106
	379.752
	2 453.969
	72.050
	19.011

	1997
	28.957
	536.214
	64.238
	375.336
	148.120
	89.766
	439.574
	2 282.843
	68.481
	19.157

	1998
	23.414
	511.886
	67.792
	388.312
	172.291
	87.112
	456.104
	2 698.698
	65.657
	19.015

	1999
	20.727
	523.970
	73.803
	388.119
	193.337
	100.039
	461.922
	2 559.699
	71.543
	19.165

	2000
	6.913
	536.997
	78.517
	375.375
	191.363
	84.790
	453.892
	2 418.364
	73.030
	18.025

	2001*
	
	
	
	
	
	
	
	
	
	

	2002*
	
	
	
	
	
	
	
	
	
	


* Same as 2000, no new information available for 2001 and 2002

Emission factors used are default emission factors from the Joint EMEP/CORINAIR Atmospheric Emissions Inventory Guidebook
. Emission factors for NMVOC from food and drink production (Table 4.8) have recently been reviewed and the NMVOC time series is consistent.

Table 4.8. NMVOC emission factors for the reported production activities

	Production activity
	EF

NMVOC
	Unit

	Wine
	0.08
	kg/100 litres

	Beer
	0.035
	kg/100 litres 

	Spirits
	15
	kg/100 litres

	Sugar 
	10
	kg/ton

	Margarine and solid cooking fat
	10
	kg/ton

	Cakes, biscuits and breakfast cereals 
	1
	kg/ton

	Bread
	8
	kg/ton

	Animal feeds
	1
	kg/ton

	Coffee roasting
	0.55
	kg/ton

	Yeast*
	18
	kg/ton


*EF from Finland
 

Statistic Sweden annually collects data about industrial production in Sweden. The survey is called Business Statistics (formerly Industry Statistics) and it has full coverage, since every company with a minimum of 50 employees has to report data to Statistic Sweden’s Business Register. Data for companies with less than 50 employees is collected from administrative material from the Swedish Tax Board. Until 1995, the data was presented in the publication “ Industry, Part 2 ”Production of products and services”. Since 1996, the information can be found in Sweden’s Statistical Database (www.scb.se).

4.4.3 Recalculations

No recalculations were performed for this submission.

4.4.4 Coming improvements

No major improvements are currently planned.

4.5 Uncertainties and time series consistency
 
CRF 2A-2D

All time series from industrial processes are reported in CRF codes 2A-2D. These have been reviewed in later years and are consistent.

4.5.1 Uncertainty estimates for CRF 2A-2D

The uncertainty analysis tables (Tier 1) are presented in chapter 1.7 above together with a general description of the uncertainty analysis.

4.6 QA/QC and verification for CRF 2A-2D

4.6.1 Quality assurance

4.6.2 Quality control

All Tier 1 general inventory level QC procedures listed in the IPCC Good Practice Guidance Chapter 8 have been performed. Sweden is currently in the process of developing a QA/QC plan including routines.

According to the Good Practice Guidance, the method of calculating emissions at facilities should be documented. This is currently not done in most cases and will be improved in the future.

4.7 Production of Halocarbons and SF6, CRF 2E

Production of halocarbons and SF6 does not occur in Sweden.

4.8 Consumption of Halocarbons and SF6, CRF 2F

All sub-categories are covered in the estimates, except solvents (2F5) due to varying and inconsistent information. According to the information available, solvents are estimated to only contribute a very minor share of the emissions of halocarbons, but it has been impossible to quantify the amount.

Data on actual emissions has been submitted for all years, while complete data on potential emissions has only been submitted for 1995-2002.

4.8.1 Source category description, CRF 2F

The use and emissions of halocarbons have increased since 1990, especially in refrigeration and air-conditioning equipment, which is the major source of halocarbon emissions in Sweden. The second largest source is foam blowing (XPS-foam), followed by aerosols, semiconductor manufacture and fire extinguishers. All remaining sources are comparatively small emitters of fluorinated greenhouse gases.

The use of SF6 in barrier gas windows is declining, as one of the three former manufacturers using SF6 has, in later years, substituted SF6 for other inert gases in the production.

An overview of actual reported emissions in CRF code 2F are shown in Table 4.9. 

Table 4.9. Overview of submitted actual emissions data, Gg CO2 equivalents.

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

	F, Consumption of Halocarbons and SF6

	F1, Refrigeration and air conditioning equip.
	2.6
	5.1
	8.0
	29
	67
	119
	156
	185
	206
	238
	247
	246
	263

	F2, Foam blowing
	NO
	NO
	NO
	NO
	NO
	NO
	12
	77
	84
	99
	111
	110
	104

	F3, Fire extinguishers
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	0.9
	2.3
	3.7
	5.3
	5.1
	5.6

	F4, Aerosols/Metered dose inhalers
	1.3
	1.3
	1.3
	1.6
	3.1
	6.7
	8.3
	7.1
	8.5
	9.2
	9.2
	10
	13

	F5, Solvents
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE

	F6, Semiconductor manufacture
	NE
	3.1
	3.1
	5.1
	8.4
	18
	28
	31
	21
	12
	11
	15
	23

	F7, Electrical equipment
	81
	81
	81
	69
	69
	93
	70
	103
	50
	50
	26
	37
	18

	F8, Other
	
	
	
	
	
	
	
	
	
	
	
	
	

	Jogging shoes
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	2.1
	3.0
	4.0
	3.8
	3.8

	Double glaze windows
	2.5
	2.5
	2.3
	2.3
	2.3
	3.4
	3.5
	3.5
	3.3
	3.6
	3.7
	6.1
	6.6


4.8.2 Methodological issues, CRF 2F

Potential emissions for the years before 1995 have not been estimated for bulk imports and exports, due to a lack of information. Data on bulk imports and exports are obtained from the Product Register at the Swedish Chemicals Inspectorate, which did not register these substances until 1995. Estimates of potential emissions for imports and exports in products have, however, been made for 1990-1994.
As far as possible, a Tier 2 approach has been used. In Table 4.10, the emission factors and activity data used in the calculations of actual emissions are presented. A model is used for calculating the actual emissions. Changes in accumulated amounts each year resulting from additional amounts of HFC, PFC and SF6 imported and used within the country, as well as the decline in accumulated stock caused by exports or emissions from operating systems, have been taken into consideration. 
Table 4.10. Typical values on equipment lifetimes, amounts of chemical per unit and emission factors for different applications of HFCs, PFCs or SF6, used in calculations of actual emissions in Sweden. Intervals given indicate changes between 1990-2002 used in the calculations.

	
	Fluorinated

substances
	Lifetime
	Amount installed
/unit, kg
	Emissions at manufacturing
	Emissions per year during use
	Remained in
product at disposal
	Emissions
at disposal

	Household fridges and freezers
	HFCs
	20 
	0.1
	2%
	1%
	90%
	5%

	Small stationary refrigeration/AC 
	HFCs
	15 
	5
	IE
	10-5%
	90%
	1%

	Large stationary fridges/freezers/AC
	HFCs
	15
	*
	IE
	20-7%
	90%
	1%

	Plug in systems
	HFCs
	15 
	1-0.5 
	3.5%
	5-2% 
	90%
	5%

	Small portable AC
	HFCs
	15 
	1.2-0.8 
	NO
	7-3% 
	90%
	5% 

	Heat pumps
	HFCs
	20 
	5-1 
	1% 
	10-1%
	90%
	5%

	Ice machines, drinking water coolers etc.
	HFCs
	15 
	0.5-0.2 
	NO
	3-1% 
	90%
	5% 

	Refrigerated transport
	HFCs
	10 
	10-6 
	4.5%
	30-10% 
	90%
	15%

	Mobile air-conditioning, lorries
	HFCs
	6
	1.2
	1%
	15%
	90%
	15%

	Mobile air-conditioning, cars
	HFCs
	11
	0.8
	1%
	15%
	90%
	15%

	Mobile air-conditioning, buses
	HFCs
	12
	7
	1% 
	10%
	90%
	15%

	Foam blowing (XPS)
	HFCs
	12-100
	*
	~30%
	Declining
	$$
	100%

	Fire extinguishing
	HFCs
	30
	*
	0.5%
	2% 
	IE
	1% 

	Aerosols
	HFCs
	2
	*
	NE
	50%
	50%
	100%

	Semiconductor manufacturing
	HFCs, PFCs, SF6
	1
	*
	70-73%
	NA
	NA
	NA

	Electrical insulation and GIS manufacturing
	SF6
	35
	*
	13-2% 
	0.1-1%
	#
	0.5%

	Electrical insulation, other
	SF6
	30
	*
	IE
	0.5%
	#
	0.5%

	Barrier gas windows
	SF6
	30
	*
	5-50%
	1%
	#
	100%

	Jogging shoes
	SF6
	8
	*
	NO
	~0%
	NE
	25% 


* Total amount used in Sweden per year used as a basis for calculations

** By-products in process

$ Mainly influences future actual emissions, in many instances no or very small emissions at disposal have occurred until 2000. The emission factor applies to the amount of remaining substance.

$$ Calculated according to a declining curve, different for HFC-134a and HFC-152a.

# Estimated lifetime at least 30 years, NE.

Refrigeration and air conditioning equipment, 2F1

Input data for the calculation of actual emissions consists of information from various sources. For heat pumps, air conditioning, mobile air conditioning, refrigeration and freezing equipment, the equipment producers and importers were contacted and have provided information of varying quality. Estimates have been checked with trade associations (KYS and SVEP) and with experts at the Swedish EPA (Ujfalusi, Bernekorn, Björsell). For large stationary equipment, mandatory reporting for devices containing more than 10 kg of refrigerant exists. This is compiled once a year on a national level by the Swedish EPA, and used in the emission estimates. This reporting includes information on installed amounts and replaced amounts of refrigerant at services. The replaced amount is assumed to equal the emitted amount. Unfortunately no information on the chemicals is provided and, in the estimates, all emissions from large stationary sources are assumed to consist only of HFC-134a. This is not entirely true, since some large heat pumps are included in the material, and these predominately use mixtures containing various HFCs (HFC-32, HFC-125 and HFC-143a) as refrigerant. This results in the ratio of potential of actual emissions in CRF Table 2(II) s2 becoming high for these substances, since the actual emissions calculated for HFC-32, HFC-125 and HFC-143a are underestimated from this source.

In the inventory, a subdivision according to type of equipment was provided, since the emission factors may differ substantially (Table 4.10). For some sectors within the group, estimates are of high quality while others are of medium or low quality. The sectors contributing the most to the emissions are considered, by expert judgement, to be of medium quality. Since the division into different types of equipment was made in the inventory, as this seemed to be most logical to obtain good quality estimates, it is currently impossible to correctly fill in the CRF background data table asking for domestic, commercial and industrial applications. Consequently, industrial refrigeration as well as stationary air conditioning has been included in commercial refrigeration in CRF Table 2(II) F. 
Foam blowing, 2F2

Emission estimates are based only on the production and use of XPS foam in Sweden. Data was obtained from the producers on the used amount of HFC-134a and HFC-152a, emissions at production and the exported amount of products each year. The use of HFCs in this application started in 1996. The company has also provided algorithms to calculate leakage of HFC-134a and HFC 152a during the product lifetime. The current calculation method provided by the company has not been compared to the method given in the IPCC Good Practice Guidance, but this will be done before the next submission.

Uncertainties in F2 are the existence of other emissions from foam blowing or products in use in Sweden, which were not estimated due to difficulties in obtaining relevant and reliable background information.

Fire extinguishers, 2F3

All imports of HFCs to be installed in fire extinguishers are registered at the Swedish Chemicals Inspectorate. Uncertainties are mainly associated with the exported amounts, which are relatively large. From 2001, the use of HFC-227ae in fire extinguishers has been introduced in Sweden. Data has been obtained from the company supplying such systems. This company has also provided the data included in the inventory.
Aerosols/metered dose inhalers, 2F4

Emission estimates cover aerosols as well as metered dose inhalers. The estimates consist of emissions from production at one facility producing aerosols, and emissions from the use of imported aerosols and metered dose inhalers containing HFCs. The contribution from metered dose inhalers is very small. The aerosol manufacturer provided information on the used amount of HFC-134a as well as emissions from production, and exported amounts of HFC-134a in products. For metered dose inhalers, statistics on the numbers of sold inhalers and the content of HFC was received from pharmaceutical companies on request. The largest uncertainty in this source concerns the amount of HFC-134a imported in aerosols for which there are no statistics available. In 2000, a survey was sent to approximately 10 importers of various products, in which aerosols containing HFCs could be handled. The majority of the importers answered the questions, and provided estimates on the amount of HFC imported each year in aerosols. Unfortunately a couple of the assumed larger importers have not provided any information so far, and there is also some uncertainty about if there are more importers than were covered in the survey. For reporting purposes, the amounts estimated according to the questionnaire were doubled to avoid underestimating emissions. The basis for this assumption was also information from the Product Register, where aerosols are reported separately. Due to large inter-annual variations and unclear definitions in the material from the Product Register, this could not be used directly for reporting purposes, but the order of magnitude corresponds with reported emissions.

Solvents, 2F5

Emissions from solvents have not been estimated. Efforts have been made to find national information concerning this sub-category but it has so far not been possible to establish what amounts may be used. A few users were contacted and they provided information that their use of solvents containing PFCs is very limited. According to their information, the solvent is recovered and regenerated. The company that was said to sell the solvent denied doing so in Sweden.

Semiconductor manufacture, 2F6

Semiconductor manufacture currently occurs on a larger scale at only one facility in Sweden. There was previously one more but the production in this company has been moved abroad. Information concerning the used amounts of various fluorinated substances was provided by the company as well as information from the European Electronic Components Industry (EECA) - European Semiconductor Industry Association (ESIA).
 Based on this information it is estimated that 73% (1990-2000) and 70% in 2001 and 2002 of the used amount of HFCs and PFCs is emitted during production. The rest of the chemicals are consumed during the etching processes. The company also uses SF6, and this is assumed to be 100% emitted. This method of calculating emissions from semiconductor manufacture is not entirely in line with the Good Practice Guidance and will be revised.

The substances used are HFC-23, PFC-14 (CF4), PFC-118 (C2F6), PFC-218 (C3F8) and SF6. Concerning PFC-218, the amount reported in the Product Register as imported does not always correspond with what the company reports as the used amount on an annual basis. The figures may be larger, either from the Product Register or from the company. It is presently unclear if all PFC-218 reported in CRF-code 2F6 is used for the purpose of semiconductor manufacture.

Emission estimates are judged to be of medium quality. Cross-references were made between the amounts used, as given by the manufacturers, and the imported amounts, as given in a register at the Swedish Chemicals Inspectorate. 

Electrical equipment, 2F7

These estimates of SF6 emissions actually consist of two different parts, emissions from the production of gas-insulated switchgear (GIS) and emissions from SF6 installed in distribution systems. The larger part of annual SF6 emissions originates from the manufacture of GIS (Table 4.11). The SF6 emissions from production in 2002 have reduced compared to previous years. These estimates, obtained from industry, are of medium to high quality, with better quality in the later years. For the earliest years during the 1990s, assumptions on the emitted amounts of SF6 from GIS manufacture were made in cooperation with industry. Industry has also provided information concerning the used amount of SF6 for GIS manufacture, as well as the share of products that are exported from the country, which well exceeds 90% of production.

Emissions from installed amounts of SF6 for insulation purposes in operating systems contribute less to the actual annual emissions. In 2001-2002, a questionnaire was sent out to power companies from the trade association Swedenergy
 (Svensk Energi) asking for the installed amounts of SF6 in operating equipment, and the replaced amounts of SF6 at services. The results from the questionnaire showed an installed accumulated amount of approximately 80 tons and an annual leakage rate of 0.6% (equals the amount replaced from the questionnaire) and these were used as input data in the inventory.

Table 4.11. Calculated emissions and accumulated stock of SF6 for electrical equipment.

	Year
	Emissions from GIS manufacture SF6 (ton)
	Annual losses SF6 (ton)
	Accumulated stock (ton)
	Total emissions SF6 (ton)

	1990
	3.0
	0.4
	65.7
	3.4

	1991
	3.0
	0.4
	66.8
	3.4

	1992
	3.0
	0.4
	67.9
	3.4

	1993
	2.5
	0.4
	69.0
	2.9

	1994
	2.5
	0.4
	71.2
	2.9

	1995
	3.5
	0.4
	73.2
	3.9

	1996
	2.5
	0.4
	75.1
	2.9

	1997
	3.9
	0.4
	76.4
	4.3

	1998
	1.7
	0.4
	77.8
	2.1

	1999
	1.7
	0.4
	79.9
	2.1

	2000
	0.7
	0.4
	81.7
	1.1

	2001
	1.1
	0.4
	82.6
	1.5

	2002
	0.4
	0.4
	82.6
	0.8




Other, 2F8

The estimated emissions from the use of SF6 in jogging shoes and in barrier gas windows (thermopanes) are reported in CRF 2F8.

For jogging shoes, a more or less rough estimate has been made. It has not been possible to obtain any national data, so a Norwegian estimate was scaled to the Swedish population
. 

Manufacturers of windows have provided data on the amount of SF6 used in the manufacture of barrier gas windows. The manufacturers have also provided estimates of the share of SF6 emitted in production. These estimates vary considerably between manufacturers from 5-50%. Calculating a weighted average of the emission factor at production, results in a national figure in the order of 30%, which is in line with the point estimate of 33% given in the Good Practice Guidance. 

4.8.3 Uncertainties and time series consistency

The uncertainty analysis tables (Tier 1) are presented in section 1.7 above together with a general description of the uncertainty analysis.

The quality of activity data, such as figures of estimated emissions or amount of fluid used in different applications is usually better for the later years than for the earlier years of the inventory.

An emissions inventory, covering the whole period 1990-1999, was performed in 2000
, which means that the same method of inventory and of calculation of emissions has been used for each specific sector for the whole period. Estimates for 2001 and 2002 were made in accordance with these methods. 

4.8.4 QA/QC

To the greatest possible extent, crosschecks were made between activity data obtained independently, for use in the predominantly bottom-up method for calculating actual emissions, and data from the Product Register at the Swedish Chemicals Inspectorate.

4.8.5 Recalculations

CRF 2F7: The lifetime for electrical equipment has been changed from 60 years to 30 years to correspond with the IPCC Guidelines. This change does not affect calculated actual emissions of SF6.

4.8.6 Coming improvements

The method of calculating emissions from semiconductor production will be revised, according to the method suggested in the Good Practice Guidance.

The calculation method for emissions from XPS foam provided by the manufacturing company will be compared to results obtained using the method given in the IPCC Good Practice Guidance.

4.9 Other, CRF 2G

In the CRF tables, in CRF 2D1, there is only space provided to include emissions of NOX, CO, NMVOC and SO2. The definition of process emissions also includes the spent cooking liquor (also called sulphur lies), which is used in significant amounts in Sweden. Combustion of spent cooking liquor also gives rise to emissions of N2O and CH4. The estimated process emissions of N2O and CH4 from spent cooking liquor have therefore been allocated to the CRF code 2G, other. See also CRF 2D1 in chapter 4.5.2 above.

5 Solvent and other product use (CRF sector 3)

5.1 Overview 

Estimates reported in this sector include emissions from paint application (CRF 3A), degreasing and dry-cleaning (CRF 3B) and other solvent use (CRF 3D). Due to difficulties in properly allocating emissions of NMVOC between CRF 3C, Chemical products, manufacture and processing, and CRF 3D, Other solvent use, emissions that should be reported in CRF 3C are included and reported in CRF 3D. Emissions of NMVOC from chemical industries have also been allocated to CRF 2B5, of which parts should probably be allocated to 3C or 3D.

Estimated emissions of NMVOC have also, according to IPCC Guidelines, been accounted for as CO2 in the submission, using the conversion factor 3.11 t/t in CRF table 3.A-D.

5.2 Paint application, CRF 3A

5.2.1 Source category description and methodological issues, CRF 3A

For 1992-2002, estimates are based on sales statistics of paints in Sweden, obtained from SVEFF, The Swedish Paint and Print Ink Makers Association. Statistics are divided into paints for industrial use as opposed to paints for consumer and other professional use. SVEFF has suggested emission factors for industrial use and for other use for later years (2000-2001), based on average solvent content. In 1992, a study was carried out
 in which emissions from paint application was thoroughly investigated and estimated to be approximately 34 000 tons. The results from this report and the information from SVEFF have been used to develop emission factors and a time series for 1992-1999. In the report (Swedish EPA report 4460), a total annual amount of 37 000 tons of solvent was estimated to be used for paint manufacturing in the late 1980s and early 1990s. For 1988, 37 000 tons of NMVOC emissions from paint application have thus been assumed, and emissions were interpolated for the years between 1988 and 1992 (Table 5.1). The exact distinction between the solvent as a constituent of the paint as such, and solvents used for cleaning equipment or diluting paints, for example, is sometimes not clear in the background material. In the estimated use of solvent in paintwork, amounting to from 3.5 ktons in 1988 to 2 ktons in 2001, solvents used for cleaning equipment or diluting paints are not included. The solvents are reported in code 3D.

Table 5.1 Activity data emission factors and estimated emissions of NMVOC from paint application 1990-2002

	Year
	Domestic and professional use
	Industrial use
	Total
	Domestic and professional use
	Industrial use
	Emissions of NMVOC

	
	kton paint
	kton paint
	kton paint
	Emission factor (ton/ton)
	Emission factor (ton/ton)
	kton NMVOC

	1990
	
	
	
	
	
	35.7

	1991
	
	
	
	
	
	34.8

	1992
	90.88
	46.30
	137.18
	0.27
	0.35
	34.0

	1993
	83.70
	44.43
	128.13
	0.25
	0.35
	30.4

	1994
	85.28
	50.90
	136.19
	0.25
	0.35
	32.6

	1995
	83.34
	51.84
	135.18
	0.25
	0.35
	32.5

	1996
	81.39
	52.79
	134.18
	0.23
	0.35
	31.0

	1997
	83.45
	54.66
	138.11
	0.22
	0.30
	29.0

	1998
	78.52
	49.69
	128.21
	0.21
	0.30
	26.2

	1999
	79.90
	45.90
	125.80
	0.20
	0.25
	22.9

	2000
	82.26
	46.99
	129.25
	0.20
	0.20
	21.5

	2001
	86.14
	45.43
	131.57
	0.20
	0.20
	21.9

	2002
	90.15
	43.95
	134.09
	0.20
	0.20
	22.3


5.3 Degreasing and dry-cleaning, CRF 3B

5.3.1 Source category description, CRF 3B

Only estimated emissions of tetrachloroethylene, reported as NMVOC, from dry-cleaning are included in this source category. Other degreasing substances have been included in CRF 3D, other solvent use, due to difficulties in separating information in the underlying background material.

5.3.2 Methodological issues, CRF 3B

Reported data only includes emissions from dry-cleaning. Data on the used amount of chemical (tetrachloroethylene) has been obtained from the Product Register at the Swedish Chemicals Inspectorate for most years. Some interpolations have been done and, for the early 1990s, data has been taken from earlier estimates. An emission factor of 1.0 (ton/ton) has been used, which means that the used amount of solvent equals the estimated emissions of NMVOC.

5.4 Chemical Products, Manufacture and Processing, CRF 3C

No separate estimate has been made for 3C. In the national background information available it is difficult to clearly distinguish NMVOC emissions arising from manufacture and processing of chemical products from those arising from general solvent use in several cases. For example, some industrial facilities emit NMVOC both from manufacturing processes and from general solvent use. Instead of trying to construct an allocation between 3C and 3D, with limited underlying information available to do so, it was chosen to include estimates for 3C in 3D.

5.5 Other, CRF 3D

5.5.1 Source category description, CRF 3D

The sources that have been separately estimated are the printing industry, preservation of wood, the leather industry, the textile industry, paint production and the rubber industry. Added to these is an estimate of general solvent use, which contributes to the larger part of the NMVOC emissions reported in 3D.

The estimated amounts of N2O used for anaesthesia and other use are also reported. N2O from aerosol cans is included in the reported emissions for other use.

5.5.2 Methodological issues, CRF 3D

For the sources the printing industry, preservation of wood, the leather industry, the textile industry, paint production and the rubber industry, separate estimates of NMVOC emissions have been made. This was done because good information for these specific sources was available, either through publications or from experts with experience and knowledge about techniques, emission factors, emissions and developments in time. The source ”Other solvent use” includes degreasing substances and general solvent use by industry as well as domestic use. 

Use of N2O, CRF 3D

There are two companies in Sweden selling N2O gas cylinders. Information on sold amounts was obtained from one of the companies and from the Product Register at the Swedish Chemicals Inspectorate. Rough estimates on the use of N2O for anaesthesia have been based on a regional study on the consumption (data from legal environmental report for County Council Västra Götalandslän) and sold amount. The regional emissions have been recalculated to cover the whole country.

Data for total used amount of N2O has been obtained from the Product Register at the Swedish Chemicals Inspectorate for 1992-2002. The use of N2O for anaesthesia is reported separately and the resulting amount as other use of N2O for the whole time series, except for 2002.
Printing industry, CRF 3D

Information for later years has been obtained primarily from experts and for data from the early 1990s from investigations and inventories made at that time
,
,
. In the Swedish EPA report 4312 from 1994, it was estimated that emissions had decreased by 40% between 1988-1992 for approximately 60 of the larger facilities (7000 to 3900 ton). At the same time, it was estimated that 4000 smaller facilities contributed roughly 2000 tons NMVOC annually.

Emission estimates presented in Table 5.2 are based on knowledge on the amount of solvent used, as well as knowledge of the different printing techniques used. Estimates on the amount of NMVOC emitted into the air and the amount disposed of have, for later years, been obtained from an expert
. From 1999 onwards, the same figure has been used.

Table 5.2 Estimated emissions of NMVOC (ton) from printing industry 1990-2002

	Year
	Emissions of NMVOC (ton)
	Sources

	1990
	7 000
	Swedish EPA report 4312 (1994)

	1991
	6 675
	Assumed

	1992
	5 900
	Swedish EPA report 4312 (1994)

	1993
	5 633
	Interpolated

	1994
	5 367
	Interpolated (5300-6300 ton, SCB, 1996)

	1995
	5 100
	Interpolated

	1996
	4 833
	Interpolated

	1997
	4 567
	Interpolated

	1998
	4 300
	Embertsén (1999)

	1999
	4 300
	Embertsén (1999)

	2000
	4 300
	Embertsén (2001)

	2001
	4 300
	Embertsén (2002)

	2002
	3 910
	Embertsén (2003)


Preservation of wood, CRF 3D

Activity data and emission estimates (Table 5.3) are based on information for the whole time series obtained from the Swedish Wood Preservation Institute
 and personal communication with an expert at the Institute
. Data used was the amount of wood preserved using products containing solvents, the amount of substance used is given as kg/m3 of treated wood, and the fraction of solvent (35%) that is assumed to be emitted. Since 1988, abatement techniques have been installed at the facilities, which are estimated to destroy 50% of the solvent from the process. 15% of the applied solvent is assumed to remain in the treated wood, and the remaining 35% is the amount of NMVOC actually emitted during the process or later in the lifecycle of the impregnated products. 

Data on emissions of NMVOC obtained directly from two facilities impregnating wooden furniture for outdoor use were added to this calculated time series. 

Table 5.3. Activity data for the wood preservation industry and estimated emissions of NMVOC. Data from two individual facilities for outdoor wooden furniture were added to estimates calculated from activity data

	Year
	Amount of preserved wood (m3)
	Amount of preservation substance used (kg/m3 wood)
	Emissions of NMVOC (ton)



	1990
	37800
	25
	435

	1991
	30900
	23
	340

	1992
	25134
	20
	266

	1993
	22300
	20
	238

	1994
	19800
	20
	219

	1995
	20500
	20
	222

	1996
	26027
	20
	260

	1997
	23105
	20
	237

	1998
	19847
	20
	212

	1999
	24134
	20
	209

	2000
	25631
	20
	226

	2001
	25631
	20
	213

	2002
	18905
	20
	162


Leather industry and textile industry, CRF 3D

Data on emitted amounts of NMVOC from these processes (Table 5.4) has been collected through legal environmental reports published by the companies, combined with information from earlier investigations and inventories, and discussions with an expert
, especially concerning the earlier years. 

For the leather industry, one company producing leather seats for the car industry has dominated the emissions for the whole time series. This company has contributed at least 65% of the estimated emissions. Besides this company, there are approximately 5 smaller enterprises concerned.

NMVOC emissions from the textile industry were dominated at the beginning of the 1990s by one facility. This facility changed production methods between 1991 and 1992, which is evident in the time series of emissions. In total, approximately 20 facilities have been included in the estimates.

Table 5.4. Estimated emissions of NMVOC (tons) from the leather and textile industries 1990-2002.

	Year
	Leather industry NMVOC (ton)
	Textile industry NMVOC (ton)

	1990
	142
	80

	1991
	105
	80

	1992
	116
	25

	1993
	94
	25

	1994
	51
	23

	1995
	42
	22

	1996
	49
	20

	1997
	61
	21

	1998
	55
	16

	1999
	52
	15

	2000
	51
	15

	2001
	31
	17

	2002
	31
	12


Paint production, CRF 3D

Data on the emissions of NMVOC from paint producers have been obtained for earlier years from emissions inventories made at that time (Table 5.5). For later years data has been taken from SVEFF (the Swedish Paint and Print Ink Makers Association) and the companies’ annual legal environmental reports. Some interpolations have been made in the reported time series.

Table 5.5. Estimated emissions of NMVOC (ton) from paint production 1990-2002.

	Year
	Emissions of NMVOC (ton) from paint manufacture
	Source

	1990
	600
	Assumed

	1991
	600
	Swedish EPA report 4312 (1994)

	1992
	560
	SVEFF and Swedish EPA report 4460 (1995)

	1993
	513
	Interpolated

	1994
	466
	Interpolated

	1995
	419
	Interpolated

	1996
	373
	Interpolated

	1997
	326
	Interpolated

	1998
	279
	Interpolated

	1999
	232
	SVEFF

	2000
	192
	SVEFF

	2001
	154
	Legal environmental reports from facilities

	2002
	154
	


Rubber industry, CRF 3D

Data on emissions of NMVOC from the rubber industry were obtained from companies’  legal environmental reports and direct contact with the larger companies, combined with general estimates for smaller companies. These estimates were based on expert judgements from persons working in the rubber industry, as well as information from earlier inventories and studies (Swedish EPA report 4312, 1994, Swedish EPA report 3763). The information in these reports, however, usually combines the rubber industry and the plastic industry or other undefined industries, which limits the usefulness of the information. The adjusted time series is thus a result of combined information from many different sources, calculated based on facility-specific information, and including a rather high degree of interpolation.

Two companies have dominated the emissions for the whole time series. In 1988, the contribution from these two was more than 80%, down to about 60% in 2001.

Other solvent use, CRF 3D

The reported time series of NMVOC emissions includes degreasing substances and general solvent use by industry as well as in the domestic sector. The estimates are based on information from several reports from the 1980s and early 1990s (e.g. Swedish EPA reports, 4532, 3763, 3733, 4312, 4460, SCB 1996, Jernelöv and Lövblad, 1984), combined with information from the Product Register at the Swedish National Chemicals Inspectorate. From the Product Register, reasonably reliable data for some specific areas of use exist from 1995. There is also information available from some unpublished special studies of good quality that were performed in the early 1990s. Earlier reports from Sweden to CORINAIR (1996-1999), based on these special studies from the Product Register, have also been used, after corrections of evident miscalculations. Based on the information from these different sources, a time series has been developed. 

In the referred reports and earlier compilations and estimates, the allocation of estimated emissions is not always comparable. Sometimes general solvent use is included together with process emissions in the presented data for an industrial sector, and sometimes it is not. Estimates for consumer-available solvent use were particularly diverse in the background material. 

In Table 5.6, information from the available references is compiled. The data in the table has, as far as possible, been adjusted to represent the same collection of sources. However, there are no clear-cut allocations in the material, but the orders of magnitude should be reasonable. Some cross-referencing is evident in the referred material.

Table 5.6. Information from different reports concerning process and solvent emissions from industry and from other, fugitive sources including consumer use.

	Source
	SEPA 1973#
	SEPA 3763
	SCB## 1996
	SEPA 4312
	SEPA 4312
	SEPA 4312
	SCB 1996

	Published
	1984/5
	
	1996
	1994
	1994
	1994
	1996

	Emission year
	1982
	1988
	1988
	1988
	1990
	1992
	1994

	Industry
	76100
	62470
	88900
	80700
	68600
	61750
	61500

	Other, including consumers*
	41600
	40400
	37000
	37000
	37000
	37900
	40450

	Total NMVOC
	117700
	102870
	125900
	117700
	105600
	99650
	101950


* in some sources only consumer use.

# SEPA= Swedish Environmental Protection Agency report number

## SCB= Statistics Sweden

In order to estimate the source “other solvent use”, avoiding double counting or unintentionally omitting sources, the first task was to summarise the available information from references on process emissions and general solvent use to total national level (Table 5.7). Secondly, the relevant derived time series of emissions from specific sources developed separately (e.g. the above-mentioned rubber and printing industries) were added together to produce an annual sum. The national totals from literature, for available years, were compared to the estimates made within this inventory. The difference was considered to represent the level of emissions from consumer-available solvent use. In addition to literature data, the national reports to Corinair for 1996-1999 were used as reference material. 

In order to calculate the remaining amount, to be allocated for all years as consumer-available in the source “other solvent use”, all available information (literature and earlier estimates to Corinair) on industrial and more general sources, excluding combustion and mobile sources, was used. Road paving with asphalt was not included in any of the references cited, and is thus not included in the table where comparisons were made (Table 5.7). The resulting time series for emissions of NMVOC from consumer-available solvent use is thus derived based on a new time series for industrial sources (from this inventory) for all coloured rows in the table, data from various references (yellow cells) and finally interpolations and adjustments to a reasonable time series.

In order to make the comparisons, data for “diluting solvent” and for “solvents, degreasing industry” was assumed for all years where no literature or other reference data was available. These time series are not reported separately, but are only used as a basis for developing one time series for the general “other solvent use” (the sum of the industrial and consumer use). The time series for “extraction, industry” is based on facility-specific information, including interpolations. These emissions are also included in the time series for general “other solvent use”.

Data in the time series for “diluting solvent, consumer use”, were interpolated between those years where data from references could be found and, for the later years, a development in accordance with calculated emissions of NMVOC from consumer use of paints was applied. For “solvents, degreasing, industry”, interpolations were made for missing years before 1994. In order to extrapolate data from the latest available year (1994), the Product Register was used to try to assign a reasonable level for these emissions in later years. The changes in solvent use in industry, according to literature, were very large before 1994, and a decrease after 1994 should also be expected. An amount of 1 000 tons for 2001 was chosen based on data from the Product Register, but this figure is highly uncertain. 

The data for emissions of NMVOC from general solvent use are uncertain, as can be deducted from the descriptions above. No new thorough inventory has been done but comparisons and judgements of the rationality of the earlier estimates and a subsequent adjustment of the time series have been carried out. However, when comparing the present estimates for Sweden with a Norwegian inventory
, the level seems to be reasonable. According to Flugsrud et al (2000) approximately 51 000 tons of NMVOC from solvent use in industry, processes and from consumer use were emitted in Norway in 1996. Adjusting the present Swedish estimates to correspond with the sources included in the Norwegian presentation, the emitted amount of NMVOC in Sweden was 87 000 tons for 1996. The ratio of estimated emissions of NMVOC between Sweden and Norway is roughly the same as that of the populations. 

For 2002, the same estimated figure as for 2001 concerning the sub-category other solvent use is reported.

Table 5.7. Background to estimated emissions of NMVOC from “consumer available” and other solvent use.
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5.5.3 Uncertainties and time series consistency

The reported time series is consistent since a special study concerning NMVOC emissions was carried out in 2002. This study will be published shortly.

Uncertainties are, as has been mentioned above, rather large, especially for the entry ”other solvent use” in 3D.

5.5.4 QA/QC and verification

Most general QC procedures concerning data management and the handling of data have been carried out but not systematically documented. General assessments of rationality and checking of time series consistency for newly obtained activity or emissions data have also been made.

5.5.5 Recalculations

CRF 3B: Due to new activity data from the Product Register at the Swedish Chemicals Inspectorate for used amount of tetrachloroethylene from dry cleaning the emissions of NMVOC, and converted to CO2, for 2001 has been recalculated. 

CRF 3D: Time series of N2O emissions from use of N2O have been recalculated due to new activity data obtained from the Product Register at the Swedish Chemicals Inspectorate for 1992-2002.

5.5.6 Coming improvements

No major improvements are currently planned..

6 Agriculture (CRF sector 4)

6.1 Overview 

Swedish agriculture has undergone radical structural changes and rationalisations over the past 50 years. One fifth of the Swedish arable land cultivated in the 1950s is no longer farmed. Closures have mainly affected small holdings and those holdings that remain are becoming even larger. In 1999, some 31 000 agricultural holdings were livestock farms, 14 000 were purely arable farms, and only 5 000 were a combination of the two. Livestock farmers predominately engage in milk production and the main crops grown in Sweden are grain and fodder crops.
 The decrease of agricultural land area has continued since Sweden joined the European Union in 1995, and the amount of fallow land has increased. Ecological farming has increased from 3% of the land area in 1995 to 13% in 2000.

Totally the greenhouse gas emissions have decreased with about 8% in this sector. In this sector, the most important emissions of greenhouse gases are CH4 from enteric fermentation and N2O from nitrogen circulation the agricultural land. CO2-emissions from agricultural land are reported in sector 5 (Land use change and forestry), in accordance with the IPCC guidelines.

6.2 Source category description

There are some important factors influencing greenhouse gas emissions from agriculture in Sweden. The first one is the extent of livestock farming, including farmyard manure management methods, as about 80% of the methane emissions in Sweden are derived from enteric fermentation and manure. The most emissions caused by other livestock are from horses, sheep and reindeer. The total number of livestocks in Sweden in 1990-2002 are presented in Figure 6.1 

Figure 6.1. Livestock in Sweden 1990-2002
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Emissions of nitrous oxide derive mainly from manure management, the use of artificial fertilisers and from the cultivation of organic soils. The N2O emissions have decreased since 1990 mainly because of the change to slurry management in dairy and pork production. Emissions of carbon dioxide derive mainly from the cultivation of organic soils.

The type of animal feed, soil cultivation methods, choice of crops, timing and method of spreading fertiliser, fallowing methods, timing of grassland ploughing, catch crops, length of grazing period, etc. are all different factors that may play a part in greenhouse gas emissions.

6.3 Methodological issues

The methodology used is in accordance with the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories”, with some national adaptations. By comparing the inventory and requirements given in GPG, it has been noticed that activity data, methodology and comparability in time series are in line with the GPG.
 Activity data is mainly taken from official Swedish statistics and other data sources. National emission factors have been developed especially for methane from cattle and direct emissions of nitrogen dioxide from fertilisers and manure used on agricultural fields. Data on nitrogen leaching and ammonia emissions originate from national sources. Interpolation/extrapolation has been used for the years where no high quality data on stable periods and waste management systems, etc. are available.

The applicable source subcategories are CRF 4A (Enteric Fermentation), CRF 4B (Manure Management) and CRF 4D (Agricultural Soils). 

There are no rice fields or savannah in Sweden, and therefore emissions from the sub-sources CRF 4C and CRF 4E are reported as not occurring in the inventory. Field burning of agricultural residues is very marginal in Sweden and therefore emissions in sub-sector CRF 4F are also reported as not occurring. 

6.3.1 
Methane from Enteric Fermentation, CRF 4A

The IPCC methodology is used, in which the livestock population in each category is multiplied by an emission factor, and the total emissions can be stated:
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Emission factors for the significant cattle subgroups are national. For reindeer, the IPCC Tier 2 methodology has been applied and for emissions from insignificant animal categories, IPCC default values are used (see chapter 6.3.5.1). Statistics on livestock categories are presented in chapter 6.3.4.1 and tables are given in chapter 6.3.4.5.

6.3.2 
Manure Management, CRF 4B

6.3.2.1 Methane (including excretion from grazing animals)

The IPCC Tier 2 methodology is applied to cattle and swine and Tier 1 is used for other animal groupsiii. In the greenhouse gas inventory, methane from excretion on pasture ranges is included in this section. The formula for the emission factor for livestock group “i”, according to the IPCC Tier 2 methodology is:
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where VSi is the volatile substance excreted per year, Boi is the maximum methane producing capacity for manure produced by an animal within the livestock group, MCFjk is a conversion factor for the methane production, given a manure management system j, where grazing animals are considered as one of the systems, and a climate region k. MSijk is the fraction of animal manure handled using manure system j in climate region k.

The Boi and MCF factors used are the IPCC default values, except for MCF for liquid manure, where the earlier used IPCC value of 10% is adopted as a national value. This value is considered to be more appropriate for Swedish conditions, with its cold climate, and because the slurry containers usually have a surface cover.

The Swedish Board of Agriculture provides data from a national database on manure production from cattle and swine, see chapter 6.3.4.4.
 

Information on waste management systems is collected from the surveys published in a biannual Statistical Report,
 and interpolated values are used for the intermediate years. There are three manure management systems considered, apart from grazing animals: liquid systems (including semi-liquid manure), solid storage and deep litter (sometimes categorized as “other” in the national inventory). The distribution between the systems for different animal categories is stated as a supplementary table in chapter 6.3.4.4.

Stable periods for cattle are collected from the survey noted above (this information is available for 1997, 1999 and 2001), which means representative data. Until 1994, data from SLU based on expert judgements from different regions in Sweden were used, which probably means a somewhat lower quality, but the level is comparable to the estimated results of the surveys of 1997 and 1999.

6.3.2.2 N2O 

The methodology for estimating N2O from manure management is the 1996 Revised IPCC methodology, with national activity data and IPCC default emission factors applied. The emissions are calculated from different manure management systems as
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where NT is the number of head of livestock in category T in the country, NexT is the annual average N excretion per head of category T in the country, GrazPeriodT is the grazing period in days for livestock category T, MS(T,S) is the fraction of total annual excretion for each livestock category T managed in manure management system S in the country. 

Data on nitrogen production is taken from the Swedish Board of Agriculture (see chapter 6.3.4.4). Stable period and manure management systems are the same as for the methane calculations (see chapter6.3.2.1). 

Emission factors are described in chapter 6.3.5.2. In the CRF formats, where some animal subgroups are aggregated, the implied emission factors (IEFs) may change over the years, for instance within the category ”other cattle”, because the mix of different animal subgroups changes over the years, hence the relative impact of the respective subgroups on total emissions.

6.3.3 
Agricultural soils, CRF 4D

6.3.3.1 Direct soil emissions, CRF 4D1

N2O from synthetic fertilisers

Emissions from fertilisers are calculated as
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where NFERT is the total amount of fertiliser nitrogen consumed annually, and FracGASF is the fraction that volatilises as ammonia. The statistics on sold quantities of fertilisers are used in the calculations. The sales of fertilisers, recalculated into nitrogen quantities, in Sweden are published annually by Statistics Sweden (Mi 30 SM), and the national estimate is considered to be accurate. The fertiliser sales are however a bit higher than the estimated use of fertilisers, as estimated from telephone interviews with farmers. The difference can partly be explained by use in other sectors, for example in horticulture, see chapter 6.5.2.

The estimated emissions are based on sold mineral fertilisers in Sweden, and calculated from information on N-content in different types of fertilisers from retailers multiplied by ammonium emission factors,
 see Table 6.1. 

Table 6.1. Total N-content in sold fertilisers in Sweden and estimated ammonia emissions, 1990-2002

	Year
	Sold quantity of fertiliser-N, 

tons (NFERT)
	Emitted quantity of nitrogen, tons
	Proportion of emitted fertiliser-N (FracGASF)

	1990
	224 500
	2 320
	0.010

	1991
	208 600
	2 292
	0.011

	1992
	178 400
	2 292
	0.013

	1993
	207 200
	3 418
	0.016

	1994
	216 400
	4 053
	0.019

	1995
	198 300
	3 346
	0.017

	1996
	192 300
	2 790
	0.015

	1997
	204 600
	2 883
	0.014

	1998
	205 600
	2 733
	0.013

	1999
	179 200
	2 536
	0.014

	2000
	189 400
	2 279
	0.012

	2001
	196 900
	2 277
	0.012

	2002
	174 400
	2 477
	0.014


Source: Swedish Board of Agriculture, Statistics Sweden, 2003 Mi 30 SM, CORINAIR

The proportions of emitted N-content in fertilisers sold in different years are given in the table above. The value varies because of changes in the sold quantities of different fertiliser types. In table 6.20 the sold quantities of ammonia emitting products is stated, which directly explains variations in the FracGASF. 

N2O from animal manure

The IPCC default methodology is used with national estimates of N content in manure (see section 4.5) and a national estimation of ammonium-N emissions. The formula can be stated:
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where GrazPeriodT is the grazing period in days and (365-GrazPeriodT)/365 is the fraction of manure deposited during the stable period. FracGASM is the national value on the fraction of ammonia-N emissions from animal manure.

The fraction of nitrogen supply emitted as ammonium-N is from Statistics Sweden and Swedish EPA,
 and can be seen in Table 6.2. The estimates are model-based and consider a lot of factors influencing the gas emissions. The methodology was developed in the early nineties,
 based on data on the use of manure from telephone interviews with farmers.
 It has then been extended to consider more detailed information on the use of manure and manure storage. 

Table 6.2. Ammonia-N emissions from manure, fraction

	
	1995
	1997
	1999
	2001

	Manure (FracGASM)
	0.33
	0.37
	0.37
	0.33

	Grazing manure (“FracGASG”)
	0.12
	0.08
	0.08
	0.08


Source: Statistics Sweden, Mi 37 SM. Other years are imputed.

Emissions from grazing animals (excretion during the grazing period) are calculated in a similar way, but the emissions are attributed to agricultural soils, see chapter 6.3.3.2.

N2O from sludge used as fertiliser

N2O from sewage sludge used as fertiliser is a part of the N2O emissions from agricultural soils and may be reported, according to the Good Practice Guidelines, if sufficient information is available. Statistics on use of sewage sludge have been published irregularly and in different reports but through interpolation, a time series has been created and the emissions are reported for the first time in the current submission of the GHG inventory. Used activity data is given in chapter 6.3.4.5. 

The IPCC default factor for ammonia emissions from fertilisers is used for differentiating between direct and indirect emissions. The IPCC default emission factors for N2O have been used, and the emissions can be stated:
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where SludgeN is the nitrogen in sewage sludge used as fertiliser, FracGASM is the fraction of nitrogen emitted as ammonia (30%) and EF1 and EF4 are the IPCC default emission factors for direct soil emissions and indirect emissions via atmospheric deposition respectively. 

Because the CRF does not allow optional components under the category “Direct Soil Emissions”, the estimated emissions from sewage sludge have been reported as an optional category.

N2O from N-fixing crops in pure stands

For estimating N2O emissions from nitrogen fixation in crops (peas and brown beans), the IPCC default methodology is used with a national value on N-fixation (fraction of yield = 0.047)
. The following formula is used:
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The total production of dry pulses, etc. is given by multiplying total area, according to Farm Register, and standard yield. Areas are given in Table 6.12. It should be noted that the indicated low value of about 6 600 hectares of leguminous plant cultivation in 1994 increased rapidly to about 20 200 hectares in 1995.

N2O from N-fixing crops in ley

In ley for hay and silage, as well as for grazing, there is often a mix of graze and leguminous crops, mainly clover. This nitrogen fixation is a part of the nitrogen circulation in agricultural soils. The corresponding N2O emissions are included in the inventory, using national estimates of nitrogen fixation in ley, which account for regional differences in nitrogen fixation, in combination with the IPCC default emission factor for direct N2O emissions. The formula is stated:
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where area is the area of ley in each county, and NfixingFactor is the corresponding N-fixing factor in kg/ha calculated according to the amount of leguminous crops in the ley. These values are calculated by using the computer program NPK-FLO.
 The calculations are based on first- and second-year grazing areas sown with clover, the yield per hectare from this, and the clover quality. The proportion of clover is estimated from the connection between nitrogenous fertiliser and the time of harvesting. Areas of ley are from the register of holdings in agriculture and forestry (the Farm Register). Used area of ley on a national level is stated in chapter 6.3.4.5.

N2O from Crop Residue

For estimating N2O from nitrogen circulation in crop residues, a modified IPCC methodology is used, with national activity data on removed residues and other parameters on crop level, such as nitrogen content. This is supposed to give a more precise estimate of the nitrogen circulation in crop residues, and it is combined with the IPCC default emission factor for direct N2O emissions. The formula is stated:
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where yield is standard yield, Fracresidues is the crop residues as a fraction of the harvest, FracN is the fraction of nitrogen in crop residues, and Fracresiduesremoved is the fraction of crop residues that is removed according to a field survey carried out by Statistics Sweden in 1997.
 

Areas of different crops
 used in the calculations are stated in Table 6.12. Concerning ley and green forage, areas are classified as “clover” or “no clover”, according partly to standard values and partly to information from SLU. Standard yield, according to Statistics Sweden, of different crops used in the calculations is explained and stated in Table 6.16.

The quality of the suggested values on N-fraction and fraction of residues is not discussed by Claesson and Steineck.
 However, the values constitute an attempt by scientists to differentiate between different crops, in contrast to the IPCC default values. 

Background emissions of N2O due to cultivation of organic and mineral soils

Background emissions from agricultural soils are extended to mineral soils in the Swedish inventory. The estimated area of organic soils is multiplied by the IPCC default emission factor and, for mineral soils, a national emission factor has been developed.
 The formula for estimating the emissions can be stated: 
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where area is the area of mineral respective organic soils, and EF is the background emissions per hectare. Index i depends on whether the soil is mineral or organic.

The total area of arable land in Sweden for each year is given by the Farm Register but the area of organic soils in Sweden is uncertain. A survey carried out by Statistics Sweden in 1998 gives a rough estimate that about 9% of Swedish soils are organic.
 This figure is used to divide the total area of arable land into organic and mineral soils. 

6.3.3.2 Animal production, CRF 4D2

N2O from grazing animals 

Calculations of N2O emitting from nitrogen excreted during grazing are carried out according to IPCC methodology, but the nitrogen lost as ammonia is excluded. This is consistent with the calculation of indirect emissions, the emissions from animal manure and the national methodology for ammonium emissions estimation. The formula used can be stated as
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where NT  is the ‘number of animals of type T in the country’, NexT  is ‘N-excretion of animals of type T’, GrazPeriodT  is the ‘grazing period for animals of type T’, FracGASG is ‘Ammonium-N emissions (fraction)’ and EFT is the ‘emission factor for grazing manure from animals of type T’.

The nitrogen content in manure is discussed in chapter 6.3.4.4. Due to lack of data concerning reindeer, nitrogen production by sheep is also applied for reindeers. The emission factors used are explained in chapter 6.3.5.3.

6.3.3.3 Indirect emissions, CRF 4D3

The IPCC methodology is used but the estimates of activity data (nitrogen lost as ammonia and nitrogen leakage) are national. 

Deposition of ammonia

The 1996 Revised IPCC default methodology is used with national data on ammonia emissions and the IPCC default emission factor is applied:
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where estimates of nitrogen supply from mineral fertiliser (Nfert) are applied, as well as estimates for nitrogen supply from animal manure. National estimates of ammonium-N emissions are used (FracGASM and FracGASG for manure management and grazing animals respectively). FracGASF is calculated from sold quantities of different fertilisers and CORINAIR factors.

Nitrogen Leaching and Run-off

National estimates of leaching have been published by the Swedish EPA
 and are calculated from the SOILNDB model, developed at the Swedish University of Agricultural Sciences.
 The simulation model SOIL/SOILN was developed during the eighties, for describing nitrogen dynamics and losses in agricultural soils.
 The model has been developed since then and has been tested on data from specific leaching experiments, being proven to estimating the leaching with good precision.
 Using national data on type of crops, yields, soil types, amount of used fertilisers and/or manure, as well as spreading time, the leaching is estimated for 22 regions, which are based on similarities in agricultural production.

For calculating nitrogen leaching in the GHG inventory, an average of nitrogen leaching per hectare calculated by the SOILNDB model is used and multiplied by the total Swedish area of agricultural soil, and the estimated indirect N2O emissions can be stated:
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The average nitrogen leaching from agricultural soils was estimated as 27 kg N/ha in 1994 and this is used for 1990-1997. The leach factor was then updated with new data, and the value 23 kg N/ha
 has been used since 1999. No estimate of uncertainty is given, but the method is considered to be the best available in Sweden, taking many relevant factors with impact on nitrogen leaching into account. Because statistics on the use of fertilisers and manure are available every other year,
 the estimates can be updated biannually at most. However, due to economic reasons, the data has been published intermittently.

A division of the leached nitrogen, according to the national model with the sum of nitrogen in fertilisers and produced by animals, gives an implied FracLEACH, which is given as additional information in CRF Table 4D for each reporting year. This measure is between 0.2 and 0.25, which can be compared to the IPCC default value of 0.3. The difference between the estimates has not been examined, but it might be possible to compare in detail the national data behind the Swedish model and the probably more general assumptions behind the IPCC default factor. 

6.3.4 
Activity data

6.3.4.1 Livestock Groups and Subgroups

Livestock is the main contributor to greenhouse gas emissions from agriculture. In Table 6.3, all the livestock subgroups used in the calculations are presented. The list was in an earlier submission supplemented with reindeer but animals, such as mink and foxes, are a minor contributor to greenhouse gas emissions and are not included in the inventory due to lack of well-founded emission factors. 

Table 6.3. Livestock subgroups used in the calculations.

	Categories according to IPCC 1996 revised Guide-lines 
	Sub-categories Enteric Fermentation 
	Sub-categories Methane from manure management
	Sub-categories N2O from manure management
	Sub-categories N2O from grazing animals
	References

	Dairy Cattle
	Dairy Cattle
	Dairy Cattle
	Dairy Cattle
	Dairy Cattle
	Farm Register

	Non-Dairy Cattle
	Beef cows
	Beef cows
	Beef cows
	Beef cows
	“

	
	Growing animals (12-24 months)
	Growing animals (12-24 months)
	Growing animals (12-24 months)
	Growing animals (12-24 months)
	“

	
	Calves > 6 months
	Calves > 6 months
	Calves > 6 months
	Calves > 6 months
	“ (*)

	
	Calves < 6 months
	Calves < 6 months
	Calves < 6 months
	Calves < 6 months
	“ (*)

	Swine
	Boars
	Sows
	Sows
	
	“

	
	Sows with farrow
	Boars
	Boars
	
	“

	
	
	Pigs for meat production
	Pigs for meat production
	
	“

	
	
	Piglets
	Piglets
	
	“

	Sheep
	Sheep
	Sheep
	Sheep
	Sheep
	“

	
	
	
	Lambs
	Lambs
	“

	Goats
	Goats
	Goats
	Goats
	Goats
	“

	
	
	
	Kids
	Kids
	“

	Horses
	Horses
	Horses
	Horses
	Horses
	SCB

	Poultry
	Poultry
	Poultry
	Laying hens
	
	Farm Register

	
	
	
	Chickens
	
	“

	
	
	
	Slaughter Chickens
	
	Svensk Fågel

	Other
	Reindeer
	
	
	Reindeer
	Sametinget


(*) The age distribution of calves is accomplished by using standard values.

The Farm Register provides the main basis for agricultural statistics in Sweden. The register is administrated by the Swedish Board of Agriculture and Statistics Sweden, and provides yearly information on the total number of animals of different categories on Swedish farms. The information on livestock refers to the situation prevailing in mid-June for the respective year, and it is considered equivalent to a one-year average. Most of the information on livestock numbers comes from the Farm Register. Distribution of calves (older and younger than 6 months respectively) is model-assisted: 60% are assumed to be younger than 6 months and the rest are assumed to be over 6 months old.

According to the Farm Register, there are about 80 000 horses on farms in Sweden. However, the total number of horses, including horses used for leisure activities, is estimated to be about 300 000, according to a survey carried out by Statistics Sweden in 2000.
 This larger number has been used in the calculations for all the years.

Since it is known that the number of slaughter chickens (mean number of chickens kept during the year) is underestimated by the Farm Register, annual statistics from Svensk Fågel (Swedish Poultry Meat Association) are used.

6.3.4.2 Statistics on manure management and use of manure and fertilisers

Statistics on manure management and use of manure and fertilisers are collected biannually by Statistics Sweden.
 Data on stable periods, manure management systems, and even the area of organic soils used for agriculture originate from this survey. In this submission the data on stable period for dairy cattle was combined with an assumption that 45% of manure was produced in the stable during the grazing period, because the animals are usually stabled at night. This assumption is made in the STANK model (see chapter 6.3.4.4). Statistics Sweden and the Swedish Board of Agriculture also collect statistics on sold fertilisers.
 A one-time study was carried out in 1997 on how straw and tops from different crops were used.

6.3.4.3 Statistics on crops, yields, sludge and other data

The above-mentioned Farm Register also keeps records of areas of different crops (see supplementary table in chapter 6.3.4.4). Estimated standard yields for different crops are published annually by the Swedish Board of Agriculture/Statistics Sweden, and are a function of crop yields estimated by surveys from the last 15 years.
 By using standard yields in the calculations, instead of actual yields, the time series becomes more regular. 

Statistics on the use of sludge have been collected intermittently by Statistics Sweden and the Swedish EPA from sewage treatment plants. This data is shown in Table 6.20. The use of sewage sludge in agriculture is rather low in Sweden, and the possible content of toxic substances led to a boycott by the farmers’ organisations in the early nineties.

When national methodologies have been used for official estimates of the environmental impact of agriculture, this data has been used as an input into the greenhouse gas inventory. Ammonia emissions from manure
 have been estimated by Statistics Sweden, and nitrogen leaching
 has been estimated by the Swedish University of Agricultural Sciences. Both methodologies use data on manure practices collected by Statistics Sweden, and are hence consistent with national agriculture. A national methodology was also used to estimate the nitrogen fixation in ley,
 which is consistent with the national nutrient balances.

6.3.4.4 Manure and nitrogen production from animals

The Swedish Board of Agriculture publishes data on manure production from cattle and swine and on nitrogen production from most of the animal subgroups in the inventory.
 The data is derived from national practices but not from national surveys, which means that the results may lose some accuracy when generalising across the whole country. Data on dairy cows are presented for different levels of milk productivity in table 6.4. Because the productivity has increased during the reporting period, the data in the table below has been used for interpolating an accurate mean value for each reporting year in the inventory.

Table 6.4 Manure and nitrogen production from dairy cows.

	Animal groups
	Manure,                kg dm/day/head
	Nitrogen, kg/year/head

	Dairy Cows (Milk production 6 000 kg/yr) 
	5.75
	100

	Dairy Cows (Milk production 8 000 kg/yr)
	6.07
	117

	Dairy Cows (Milk production 10 000 kg/yr) 
	6.19
	139


The values on manure production per animal in each of the other animal groups are given in Table 6.5. Due to more intense swine production, the values on sows and pigs for meat production were updated in 2001. Nitrogen production per animal in each of the other animal subgroups is stated in Table 6.6 below.

Table 6.5 Manure production from other animal groups.

	Animal groups
	Manure production, kg dm/day

	Beef cows (*)
	2.64 (in stable); 3.64 (during grazing)

	Growing animals (12-24 months)
	2.6

	Calves > 6 months
	1.12

	Calves < 6 months
	0.69

	Sows
	0.74 (1990-2001); 0,793 (in 2002)

	Boars
	0.52

	Pigs for meat production
	0.42

	Piglets
	0.05


Reference of source: Swedish Board of Agriculture, reports 1993:20 and 2001:13 on Swine and 1995:10 on Cattle.

Table 6.6 Nitrogen production from other animal groups.

	Animal groups
	Nitrogen kg/year/

Head
	Comment
	Updated values on nitrogen prod. used for 2002, kg/ year/head
	Comment

	Beef cows
	63
	
	
	

	Growing animals 

12-24 months
	47
	
	
	

	Calves > 6 months
	28
	
	
	

	Calves < 6 months
	28
	
	
	

	Sows
	29 
	Incl.19 piglets
	34
	Incl. 21 piglets

	Boars
	29
	
	34
	

	Pigs for meat production
	9.5
	2.5 prod. cycles/ year
	10.8
	3 prod. cycles / year

	Piglets
	0
	
	
	

	Sheep
	13
	Ewes incl. 1.5 lambs
	
	

	Lambs
	0
	
	
	

	Goats
	13
	
	
	

	Kids
	0
	
	
	

	Horses
	50
	Mean value for all animals
	
	

	Laying hens
	0.64
	
	
	

	Chickens
	0.28
	2.5 prod. cycles/ year 
	
	

	Slaughter Chickens
	0.29
	6.5 prod. cycles/ year
	
	

	Values are calculated according to the model STANK (Swedish Board of Agriculture)


6.3.4.5 Activity Data – supplementary tables 

Table 6.7 Population size (1000s heads) used in the calculations.

	 Year
	Dairy Cattle
	Non-Dairy Cattle
	Swine
	Sheep
	Horses
	Goats
	Other
	Poultry

	
	Dairy Cattle
	Beef cow
	Growing animals (12-24 months)
	Calve
	Sow
	Pig for meat pro-duction
	Piglet
	Boar
	Sheep
	Lamb
	Horse (*)
	Goat (**)
	Kid (**)
	Rein-deer
	Laying hen
	Chicken
	Slaughter Chicken (**)

	1990
	576
	75
	543
	524
	221
	1025
	1009
	8.6
	162
	244
	300
	2.9
	1.4
	271
	6400
	2200
	6600

	1991
	528
	98
	543
	537
	219
	993
	982
	8.3
	168
	251
	300
	3.2
	1.6
	271
	6100
	2600
	7000

	1992
	526
	136
	565
	548
	225
	1017
	1029
	8.3
	180
	267
	300
	3.5
	1.8
	271
	6100
	2200
	7600

	1993
	525
	154
	549
	581
	241
	941
	1087
	7.9
	189
	282
	300
	3.5
	1.8
	280
	5800
	1900
	7600

	1994
	509
	165
	561
	592
	241
	1264
	815
	8.2
	196
	288
	300
	3.5
	1.8
	284
	5900
	2200
	8200

	1995
	482
	157
	596
	542
	237
	1300
	768
	7.6
	195
	266
	300
	3.5
	1.8
	253
	6100
	1800
	8500

	1996
	466
	164
	617
	543
	273
	1303
	765
	6.9
	203
	266
	300
	3.5
	1.8
	241
	5700
	2200
	8700

	1997
	468
	169
	614
	530
	269
	1313
	764
	5.8
	195
	247
	300
	3.5
	1.8
	239
	2700
	1900
	9400

	1998
	449
	170
	611
	509
	255
	1293
	733
	4.8
	187
	234
	300
	3.5
	1.8
	227
	5400
	2200
	9400

	1999
	449
	165
	600
	499
	220
	1239
	651
	4.2
	194
	244
	300
	3.5
	1.8
	227
	5600
	2200
	9400

	2000
	428
	167
	589
	500
	202
	1146
	566
	4.2
	198
	234
	300
	3.5
	1.8
	221
	5700
	1700
	9500

	2001
	418
	166
	573
	494
	212
	1089
	586
	3.9
	208
	244
	300
	3.5
	1.8
	221
	5700
	1700
	10450

	2002
	417
	169
	553
	499
	208
	1096
	574
	3.4
	197
	229
	300
	3,5
	1.8
	220
	4700
	1500
	10600


Most data from the Farm register, Swedish Board of Agriculture and Statistics Sweden; (*) Estimated total of horses in all sectors 2000, by Statistics Sweden (**) Swedish Poultry Meat Association. (**) Data on goats were available until 1992, this data have been estrapolated. 

Table 6.8. Stable periods for cattle, months.
	Year
	Dairy cattle
	Beef cows
	Steers and bulls
	Heifers
	Calves
	Sheep, horses, goats
	Rein-deer
	Poultry, Swine

	1990
	8.3
	6.1
	8.1
	8.1
	10.1
	6
	0
	12

	1991
	8.3
	6.1
	8.1
	8.1
	10.1
	6
	0
	12

	1992
	8.3
	6.1
	8.1
	8.1
	10.1
	6
	0
	12

	1993
	8.3
	6.1
	8.1
	8.1
	10.1
	6
	0
	12

	1994
	8.0
	6.1
	8.3
	7.3
	9.0
	6
	0
	12

	1995
	7.7
	6.2
	8.5
	6.5
	7.8
	6
	0
	12

	1996
	7.7
	6.2
	8.5
	6.5
	7.8
	6
	0
	12

	1997
	(***) 7.7
	(***) 6.2
	(***) 8.5
	(***) 6.5
	(***) 7.8
	6
	0
	12

	1998
	7.7
	6.2
	8.5
	6.5
	7.8
	6
	0
	12

	1999
	(**) 7.7
	(**) 5.8
	(**) 7.9
	(**) 6.1
	(**) 7.6
	6
	0
	12

	2000
	7.7
	5.8
	7.9
	6.1
	7.6
	6
	0
	12

	2001
	(*) 7.6
	(*) 5.6
	(*) 8.1
	(*) 6.4
	(*) 7.7
	6
	0
	12

	2002
	7.6
	5.6
	8.1
	6.4
	7.7
	6
	0
	12


(*) Statistics Sweden, 2002b. (**) Statistics Sweden, 2000b. (***) Statistics Sweden, 1998. Other values are standard values, or interpolated /extrapolated.

Table 6.9. Waste management systems in the stable, fraction of liquid systems (semi-liquid manure included).

	Year
	Dairy cattle
	Other cattle
	Pigs for meat production
	Other swine
	Sheep, goats, horses, reindeer
	Poultry

	1990
	0.3
	0.3
	0.44
	0.44
	0
	0.25

	1991
	0.3
	0.3
	0.44
	0.44
	0
	0.25

	1992
	0.3
	0.3
	0.44
	0.44
	0
	0.25

	1993
	0.38
	0.38
	0.58
	0.58
	0
	0.25

	1994
	0.38
	0.38
	0.58
	0.58
	0
	0.25

	1995
	0.41
	0.41
	0.63
	0.63
	0
	0.25

	1996
	0.41
	0.41
	0.63
	0.63
	0
	0.25

	1997
	(***) 0.44
	(***) 0.28
	(***) 0.8
	(***) 0.24
	0
	0.25

	1998
	0.44
	0.28
	0.8
	0.24
	0
	0.25

	1999
	(**) 0.51
	(**) 0.26
	(**) 0.82
	(**) 0.26
	0
	0.25

	2000
	0.51
	0.26
	0.82
	0.26
	0
	0.25

	2001
	(*) 0.58
	(*) 0.28
	(*) 0.86
	(*) 0.31
	0
	0.25

	2002
	0.58
	0.28
	0.86
	0.31
	0
	0.25


(*) Statistics Sweden, 2002b. (**) Statistics Sweden, 2000b. (***) Statistics Sweden, 1998. Other values are standard values, or interpolated /extrapolated.

Table 6.10. Waste management systems in the stable, fraction of solid storage 

	Year
	Dairy cattle
	Other cattle
	Pigs for meat production
	Other swine
	Horses
	Sheep, goats, reindeer
	Poultry

	1990
	0.69
	0.56
	0.54
	0.45
	0.96
	1
	0.55

	1991
	0.69
	0.56
	0.54
	0.45
	0.96
	1
	0.55

	1992
	0.69
	0.56
	0.54
	0.45
	0.96
	1
	0.55

	1993
	0.61
	0.48
	0.4
	0.31
	0.96
	1
	0.55

	1994
	0.61
	0.48
	0.4
	0.31
	0.96
	1
	0.55

	1995
	0.58
	0.45
	0.35
	0.26
	0.96
	1
	0.55

	1996
	0.58
	0.45
	0.35
	0.26
	0.96
	1
	0.55

	1997
	(***) 0.55
	(***) 0.58
	(***) 0.18
	(***) 0.65
	0.96
	1
	0.55

	1998
	0.55
	0.58
	0.18
	0.65
	0.96
	1
	0.55

	1999
	(**) 0.48
	(**) 0.58
	(**) 0.17
	(**) 0.67
	0.96
	1
	0.55

	2000
	0.48
	0.58
	0.17
	0.67
	0.96
	1
	0.55

	2001
	(*) 0.42
	(*) 0.48
	(*) 0.13
	(*) 0.56
	0.96
	1
	0.55

	2002
	0.42
	0.48
	0.13
	0.56
	0.96
	1
	0.55


(*) Statistics Sweden, 2002b. (**) Statistics Sweden, 2000b. (***) Statistics Sweden, 1998. Other values are standard values, or interpolated /extrapolated.
Table 6.11. Waste management systems in the stable, fraction of deep litter.

	Year
	Dairy cattle
	Other cattle
	Pigs for meat production
	Other swine
	Horses
	Sheep, goats, reindeer
	Poultry

	1990
	0.01
	0.14
	0.02
	0.11
	0.04
	0
	0.2

	1991
	0.01
	0.14
	0.02
	0.11
	0.04
	0
	0.2

	1992
	0.01
	0.14
	0.02
	0.11
	0.04
	0
	0.2

	1993
	0.01
	0.14
	0.02
	0.11
	0.04
	0
	0.2

	1994
	0.01
	0.14
	0.02
	0.11
	0.04
	0
	0.2

	1995
	0.01
	0.14
	0.02
	0.11
	0.04
	0
	0.2

	1996
	0.01
	0.14
	0.02
	0.11
	0.04
	0
	0.2

	1997
	(***) 0.01
	(***) 0.14
	(***) 0.02
	(***) 0.11
	0.04
	0
	0.2

	1998
	0.01
	0.14
	0.02
	0.11
	0.04
	0
	0.2

	1999
	(**) 0.01
	(**) 0.16
	(**) 0.01
	(**) 0.07
	0.04
	0
	0.2

	2000
	0.01
	0.16
	0.01
	0.07
	0.04
	0
	0.2

	2001
	(*) 0
	(*) 0.24
	(*) 0.01
	(*) 0.13
	0.04
	0
	0.2

	2002
	0
	0.24
	0.01
	0.13
	0.04
	0
	0.2


(*) Statistics Sweden, 2002b. (**) Statistics Sweden, 2000b. (***) Statistics Sweden, 1998. Other values are standard values, or interpolated /extrapolated.

Table 6.12. Areas of different crops used in the calculations (hectares).

	Year
	Winter wheat
	Spring wheat
	Winter rye
	Winter barley
	Spring barley
	Oats
	Mixed grain
	Triticale

	1990
	320120
	29595
	73460
	 (*) -
	492027
	387823
	32628
	(**) -

	1991
	225330
	33387
	43239
	(*) -
	490896
	364272
	40337
	(**) -

	1992
	233678
	36647
	34597
	(*) -
	454097
	360859
	47420
	(**) -

	1993
	271818
	32581
	46390
	(*) -
	420437
	321961
	35330
	35330

	1994
	212095
	39722
	38957
	29536
	443489
	341415
	25421
	42526

	1995
	222304
	39076
	39693
	26220
	427115
	278322
	27124
	44577

	1996
	292170
	42392
	33558
	22061
	446503
	283588
	34230
	61694

	1997
	299594
	44588
	29416
	15272
	467628
	315465
	30247
	66473

	1998
	359024
	39021
	34617
	15949
	429011
	311467
	26972
	66751

	1999
	209641
	65777
	24507
	11883
	470104
	305658
	33022
	32586

	2000
	353201
	48364
	34533
	12997
	398227
	295544
	45328
	40728

	2001
	354495
	44670
	34403
	9577
	387922
	278174
	25370
	39642

	2002
	285249
	54350
	24395
	6386
	410456
	295002
	22623
	30809


Statistics from the Farm Register. (*) Before 1994, statistics on Winter barley and Spring barley revised as one crop. (**) Before 1993, statistics on Triticale was included in Mixed grain.

Table 6.13 (cont.) Areas of different crops used in the calculations (hectares).

	Year
	Sugar beets
	Winter rape
	Spring rape
	Winter turnip rape
	Spring turnip rape
	Table potatoes
	Potatoes for starch prod.

	1990
	38502
	84598
	44203
	9068
	30035
	27305
	8866

	1991
	47963
	75724
	41046
	8089
	26362
	28269
	8807

	1992
	51287
	51364
	56519
	3145
	26366
	30414
	8791

	1993
	51287
	74460
	46203
	2455
	22370
	27815
	8469

	1994
	53353
	46035
	53033
	1746
	27647
	25449
	7539

	1995
	57518
	56084
	23311
	1587
	23661
	27630
	7371

	1996
	59223
	21737
	18976
	811
	23869
	27577
	9060

	1997
	60459
	22888
	19475
	1787
	19432
	26732
	9081

	1998
	58737
	23159
	16705
	1470
	13238
	25133
	8567

	1999
	59881
	19626
	31273
	1206
	23784
	24422
	8391

	2000
	55484
	24870
	12112
	1395
	9791
	23610
	9293

	2001
	54834
	19900
	13591
	857
	10425
	23776
	8460

	2002
	54820
	31219
	21943
	1899
	12408
	23142
	8589


Table 6.14. (cont.) Areas of different crops used in the calculations (hectares).

	Year
	Ley (***)
	Ley for seed
	Green forage
	Pasture ground (***)  
	Peas and peas for fodder 
	Peas for conser-vation 
	Brown beans 
	Total area of arable land
	Total Area of Ley (ha) (*****)

	1990
	727590
	10753
	39698
	190503
	32742
	(****) -
	(****) -
	2845000
	778 000

	1991
	696069
	10418
	33509
	239818
	23327
	(****) -
	(****) -
	2790000
	740 000

	1992
	708384
	8791
	2896
	292825
	14059
	(****) -
	(****) -
	2768000
	720 000

	1993
	748094
	7863
	23137
	314458
	8720
	(****) -
	(****) -
	2780000
	779 000

	1994
	757000
	8241
	23000
	314666
	6598
	(****) -
	(****) -
	2780000
	788 000

	1995
	766776
	7907
	23695
	276927
	11959
	8578
	709
	2767000
	798 000

	1996
	750085
	7854
	22268
	247369
	17713
	8821
	690
	2811000
	780 000

	1997
	746832
	8470
	24443
	234677
	32742
	9028
	921
	2799000
	780 000

	1998
	742068
	9013
	21935
	221418
	49150
	8524
	938
	2784000
	773 000

	1999
	760227
	8165
	21867
	198091
	30053
	8752
	872
	2747000
	790 000

	2000
	760227
	8465
	21867
	198091
	27892
	8525
	835
	2694184
	791 000    

	2001
	750200
	10300
	26400
	179400
	29928
	8862
	756
	2705982
	787 000

	2002
	759419
	12439
	32387
	181604
	31959
	8909
	717
	2679900
	804 245


(***) From 2000 the Farm Register does not differentiate between pasture and ley. Therefore, values are imputed.  

(***) For 2001 the estimated ley and pasture ground is from Statistics Sweden, 2002b (****) Some of the years, statistics on all groups of peas and beans were aggregated (*****) Total area of ley= ley + ley for seed + green fodde
Table 6.15. Standard yield of different crops used in the calculations, total weight (including water), kg/hectare.

	 Year
	Winter wheat
	Spring wheat
	Winter rye
	Spring barley
	Oats
	Mixed grain
	Triti-cale  
	Sugar beets
	Winter rape
	Spring rape

	1990
	5818
	4918
	4195
	4195
	3866
	3305
	5818
	44843
	2748
	1777

	1991
	5929
	4948
	4242
	4242
	3872
	3323
	5929
	45272
	2758
	1762

	1992
	6040
	4979
	4288
	4288
	3879
	3341
	6040
	45701
	2767
	1746

	1993
	6151
	5009
	4335
	4335
	3885
	3359
	6151
	46130
	2776
	1731

	1994
	6207
	5012
	4398
	4036
	3869
	3359
	6207
	46446
	2777
	1715

	1995
	6262
	5014
	4461
	4053
	3853
	3360
	6262
	46762
	2777
	1699

	1996
	6393
	5078
	4600
	4103
	3882
	3394
	5434
	46985
	2752
	1679

	1997
	6477
	5151
	4705
	4153
	3897
	3421
	5505
	46838
	2735
	1680

	1998
	6592
	5021
	5010
	4136
	3714
	3336
	5603
	46686
	2681
	1607

	1999
	6503
	5017
	5103
	4153
	3710
	3342
	5528
	46637
	2638
	1657

	2000
	6446
	5059
	5204
	5204
	3658
	4431
	6446
	46300
	2609
	1720

	2001
	6408
	5134
	5348
	5348
	3685
	4517
	6408
	46249
	2607
	1809

	2002
	6351
	5176
	5448
	4204
	3747
	3976
	6351
	46416
	2634
	1910


Statistics Sweden

Table 6.16. (cont.) Standard yield of different crops used in the calculations, total weight (inc. water), kg/hectare

	Year
	Winter turnip rape
	Spring turnip rape
	Table potatoes
	Potatoes for starch prod.
	Ley
	Green fodder

	1990
	1821
	1587
	29194
	36045
	6920
	5000

	1991
	1804
	1578
	29769
	36502
	6958
	5000

	1992
	1787
	1570
	30343
	36958
	6996
	5000

	1993
	1770
	1562
	30918
	37415
	7034
	5000

	1994
	1747
	1558
	31409
	37585
	7077
	5000

	1995
	1724
	1555
	31900
	37754
	7120
	5000

	1996
	1682
	1542
	31817
	37651
	7216
	5000

	1997
	1622
	1533
	31832
	37613
	7287
	5000

	1998
	1523
	1420
	34910
	39706
	7287
	5000

	1999
	1474
	1431
	35598
	40665
	7287
	5000

	2000
	1471
	1451
	35146
	40401
	7340
	5000

	2001
	1444
	1483
	34608
	40268
	7340
	5000

	2002
	1390
	1511
	33866
	39812
	7340
	5000


Table 6.17. Data used for calculating nitrogen input in crop residues. 

	Crop
	Fraction of crop residues removed (ResiduesRemoved)
	Fraction of N in crop residues, per cent of dm (FracN)
	Fraction residues in relation to harvest, (FracResidues)
	Dry matter content, fraction

	Winter wheat
	0.28
	0.71
	1.3
	0.85

	Spring wheat
	0.25
	0.82
	1.1
	0.85

	Winter rye
	0.3
	0.82
	1.4
	0.85

	Winter barley
	0.61
	0.94
	0.9
	0.85

	Spring barley
	0.4
	0.94
	0.9
	0.85

	Oats
	0.33
	0.82
	1.2
	0.85

	Mixed grain
	0.59
	0.88
	1
	0.8

	Triticale 
	0.37
	0.82
	1.3
	0.8

	Sugar beets
	0.09
	2.25
	0.75
	0.2

	Winter rape
	0.03
	1.07
	1.8
	0.91

	Spring rape
	0.03
	1.07
	1.8
	0.91

	Winter turnip rape
	0.03
	1.07
	1.8
	0.91

	Spring turnip rape
	0.03
	1.07
	1.8
	0.91

	Table potatoes
	0
	3.25
	0.75
	0.2


Table 6.18. Information on N-fixation (kg/ha) in ley.

	County
	Value 1990-95
	Value 1996-99
	Value 2000-01

	Stockholm
	26.1
	26.6
	23.7

	Uppsala
	31.7
	32.4
	28.8

	Södermanland
	25.9
	26.4
	27.5

	Östergötland
	37.3
	37.8
	30.3

	Jönköping
	35.0
	35.5
	30.7

	Kronoberg
	32.2
	32.5
	30.6

	Kalmar
	30.8
	30.9
	28.4

	Gotland
	28.2
	28.7
	34.9

	Blekinge
	40.0
	33.7
	35.3

	Former Malmöhus
	32.3
	36.1
	34.3

	Former Kristianstad
	39.3
	36.1
	33.1

	Halland
	39.0
	39.2
	36.3

	Former Göteborgs- and Bohuslän
	34.9
	31.9
	27.1

	Former Älvsborg
	31.2
	31.6
	25.0

	Former Skaraborg
	39.8
	40.5
	33.1

	Värmland
	30.0
	30.4
	25.6

	Örebro
	32.7
	29.2
	31.5

	Västmanland
	27.6
	32.9
	32.1

	Dalarna
	31.2
	27.6
	32.7

	Gävleborg
	31.1
	31.5
	28.6

	Västernorrland
	28.9
	28.9
	27.9

	Jämtland
	30.7
	30.6
	28.0

	Västerbotten
	29.6
	30.2
	28.4

	Norrbotten
	31.3
	32.0
	30.6

	Source: Calculations made by the computer program NPK-FLO, SLU (Fagerberg and Solomon 1992) 


Table 6.19. Data used for calculating nitrogen input in crop residues 

	Crop
	Fraction of crop residues removed (ResiduesRemoved)
	Fraction of N in crop residues, per cent  of dm (FracN)
	Fraction residues in relation to harvest, (FracResidues)
	Dry matter content, fraction

	Potatoes for starch prod.
	0
	3.25
	0.75
	0.2

	Ley. without clover
	0
	1.30
	0.25
	0.835

	Ley for seed, no clover
	0.5
	1.30
	0.94
	0.835

	Green fodder
	0
	1.30
	0.25
	0.835

	Pasture ground 
	0
	1.30
	0.25
	0.668

	Peas
	0.03
	1.86
	0.8
	0.7

	Peas for conservation
	0
	1.86
	0.8
	0.7

	Peas for fodder
	0.02
	1.86
	0.8
	0.7

	Ley for seed, clover
	0.5
	1.86
	0.94
	0.835

	Green fodder, clover
	0
	1.86
	0.25
	0.835

	Ley, with clover
	0
	1.86
	0.25
	0.835

	References: (*)  Statistics Sweden 1999, report Mi 63 SM 9901 (**) Claesson & Steineck 1991; Statistics Sweden


Table 6.20. Sold quantity of ammonia emitting fertilisers and nitrogen in sludge used as fertilisers

	Year
	Nitrogen in sold fertilisers, tonnes
	KalkAmmon-Salpeter, AXAN, N26, N27, N28, tons of product
	N-solution, tons of product
	Urea, tons of product
	NPK, tons of Nitrogen
	NP, tons of  Nitrogen 
	NK, tons of Nitrogen
	Sludge, tons of N.

	2002
	174 400
	189 709
	638
	446
	49 800
	9 900
	2 000
	1735

	2001
	196 900
	235 495
	2 036
	553
	54 000
	11 300
	3 000
	1735

	2000
	189 400
	205 869
	3 772
	655
	51 600
	11 400
	2 200
	(*)1735

	1999
	179 200
	166 077
	3 111
	745
	50 092
	14 619
	1 746
	2027

	1998
	205 600
	209 463
	2 631
	889
	53 723
	14 286
	2 033
	(*)2027

	1997
	204 600
	175 558
	4 399
	1 104
	51 500
	15 900
	2 300
	2304

	1996
	192 300
	158 613
	5 949
	1 474
	48 000
	14 000
	2 500
	2304

	1995
	198 300
	182 486
	11 193
	1 955
	51 050
	13 451
	2 912
	(*)2304

	1994
	216 400
	167 150
	7 820
	3 061
	55 900
	12 300
	3 000
	(**)1433

	1993
	207 200
	200 004
	5 257
	3 501
	46 100
	9 800
	3 300
	1180

	1992
	178 400
	179 234
	8 837
	2 980
	45 400
	8 500
	3 000
	1180

	1991
	208 600
	237 612
	6 498
	4 683
	52 100
	11 000
	3 700
	1180

	1990
	224 500
	225 387
	10 089
	5 932
	64 600
	11 000
	0
	(**)1180

	Sources: Statistics on fertilisers from Swedish Board of Agriculture, 2003 and Statistics Sweden, 2003

Statistics on sludge: (*) Statistics Sweden 1997b and Statistics Sweden 2001 (**) from Statistics Sweden 1992 and Statistics Sweden 1995. Other values imputed.


Table 6.21. Average milk production per dairy cow  

	Year
	Dairy cattle in country, number of heads(*)
	Dairy cattle in the official control activity, number of heads (**) 
	Produced milk per head in official control activity, kg/head/yr (**)
	Produced milk per head, not in official control activity (**)
	Average milk production per head, kg/yr (***)

	2002
	417000
	354801
	8784
	6665
	8468

	2001
	418000
	360364
	8742
	6627
	8450

	2000
	428000
	368350
	8537
	6430
	8243

	1999
	449000
	378623
	8377
	6300
	8051

	1998
	449000
	380567
	8298
	6258
	7987

	1997
	468000
	380760
	8209
	6250
	7844

	1996
	466000
	382511
	8033
	6150
	7696

	1995
	482000
	390146
	8083
	6200
	7724

	1994
	509000
	383124
	8011
	6100
	7538

	1993
	525000
	376126
	7740
	5600
	7133

	1992
	526000
	367452
	7376
	5400
	6780

	1991
	528000
	388860
	7376
	5280
	6824

	1990
	576000
	421780
	7319
	5330
	6786

	Sources: (*) FARM REGISTER, (**) Svensk Mjölk (Swedish Dairy Association), (***) Calculated value  


6.3.5 
Emission factors 

6.3.5.1 Methane from Enteric Fermentation, CRF 4A

In Sweden, a national methodology based on feed energy requirements expressed as metabolisable energy
 is used to estimate emission factors for dairy cows, beef cows and other cattle. The calculations have been revised recently,
 and the emission factors are updated in this submission of the greenhouse gas inventory. The emission factors for other cattle groups have also been re-evaluated, using the same methodology. The conclusion is to use a common emission factor for this group, 50 kg CH4/head and year, a value close to the IPCC default value (48 kg CH4/head and year). The change of emission factors for cattle only alters the estimated overall emissions slightly, but it has changed the distribution of emissions between the cattle subgroups.

The initial steps in estimating emission factors for cattle according to the Swedish method is similar to the procedure recommended in section 4 of IPCC Good Practice Guidance for enhanced characterisation of feed intake estimates (Tier 2 methodology). The energy requirements for maintenance, growth, lactation and pregnancy are estimated, but expressed as metabolisable energy (MJ/day) instead of net energy.
 The metabolisable energy requirement is then recalculated to “digestible energy”, using an expression from Lindgren (1980):

Metabolisable energy (% of digestible energy) = 83,2 + 2,53*L – 0,045 * G – 0,184* Rp,

where L is the total feed intake expressed as multiples of maintenance energy, G is the share (%) of roughage in the feed and Rp is the crude protein concentration (%) of the feed.  Digestible energy is then used to calculate the methane conversion rate using an expression formulated by Lindgren (1980):

Methane conversion rate (% methane of digestible energy) = 15,7 - 0,030 * SK – 1,4 * L,

where SK is the digestibility of the feed (% of gross energy) and L is the total feed intake expressed as multiples of  maintenance energy. Thereafter the emission factor can be calculated with the expression: 

Emission factor (kg CH4/head and year) =  (SE * Ym / 55,65) * 365,

where SE is the digestible energy (MJ/head and day) and Ym is the methane conversion rate  (% of digestible energy). For dairy cows the calculation is performed for a lactation period of 305 days and a non-lactating period of 60 days, which are summed up to give the CH4 total emissions per animal during a whole year.

The IPCC default values are used for the less significant animal groupsii, and for these groups priority has not been given to developing a national emission factor. For reindeer, where IPCC does not provide default values, an emission factor has been calculated according to IPCC methodology using a Finnish value of gross energy requirements.
 The emission factors used for dairy cattle and other animal groups are collected in Table 6.22. 

Table 6.22. Methane from animals, used emission factors.

	Livestock subgroups 
	Kg CH4/ head/year 
	Method

	Dairy cattle in 1990, average milk production 6786 kg/yr/head
	120.3
	(*)

	Dairy cattle in 1995, average milk production  7724 kg/yr/head
	126.4
	(*)

	Dairy cattle in 2002, average milk production  8468 kg/yr/head
	127.7
	(*)

	Beef cows
	98
	National, Bertilsson 2001

	Growing animals (12-24 months)
	50
	National, Bertilsson 2001

	Calves 
	50
	National, Bertilsson 2001

	Boars
	1.5 (IPCC-default)
	IPCC, Tier 1

	Sows with farrow
	15.3 (IPCC-default)
	IPCC, Tier 1

	Sheep
	8 (IPCC-default)
	IPCC, Tier 1

	Goats
	5 (IPCC-default)
	IPCC, Tier 1

	Horses
	18 (IPCC-default)
	IPCC, Tier 1

	Poultry
	No fermentation assumed
	IPCC Guidelines

	Reindeer
	7.7
	 IPCC, Tier 2

	(*) The emission factor is related to milk production and calculated from Spörndly, 1999 and Bertilsson, 2001.


6.3.5.2 Manure Management, CRF 4B

The emission factors are calculated as a function of national activity data on manure production and stable periods, animal manure management systems (AWMS), etc. and parameters that estimate methane and N2O emissions are given a specific AWMS. Very little research has been carried out in Sweden on GHG emissions from manure management, but an academic study on research results from countries with similar climate as Sweden has been carried out.
 The only national value chosen is the MCF for liquid manure, which is set to 10%. All other parameters needed are IPCC default, because there is not enough evidence for national values.

6.3.5.3 Direct soil emissions, CRF 4D1

For estimating direct soil emissions, the IPCC GPG encourages parties to use country-specific emission factors for N2O from agricultural fields, where possible. A suggested alternative is to use factors from other countries with comparable management and climatic conditions. In order to update the information from later research, a literature study, requested by the Swedish EPA, was recently carried out.
 The study includes documented N2O emissions measurements carried out in Sweden and other countries in northern Europe and in Canada. National emission factors for Sweden are suggested where enough data was found to be available. Based on this study the following national emission factors have been applied in the Swedish inventory submission 2003.

For nitrogen supply from fertilisers, a national emission factor is used, 0.8% N2O-N of N-supply.
 An estimated interval is 0-0.9%. For nitrogen supply from manure, a national emission factor of 2.5% emissions of N-supply is used, with a proposed interval of 0.6-0.8%.
 Background emissions from the cultivation of mineral soils was further included in the inventory with a national emission factor. For other direct soil emissions, IPCC default values have been used, since there is not enough evidence for national values.

Table 6.23. Sources of direct emissions from agricultural soils.
	Source
	IPCC’s EF 
	Applied EF

	Mineral fertiliser
	1.25 % of N
	0.8 % of N

	Manure
	1.25 % of N
	2.5 % of N

	Background emissions from mineral soils
	..
	0.5 kg N2O-N ha-1


Source: Kasimir Klemedtsson, 2001
The study shows that the emissions are generally higher following application of manure compared to mineral N fertilisers, and the suggested emission factors are 2.5% [0.6%-0.8%] of added manure N, and 0.8% [0-0.9%] of added fertiliser N. A lower value than the IPCC default value for emitted fertiliser N has also been suggested in a Norwegian study.

An extra emissions source, background emissions from mineral soils, is also included, which includes the long-term effects of nitrogen in organic matter accumulating in the soil. This is considered to be an anthropogenic effect of previous farming activities, and the suggested emission factor is 0.5 kg N2O-N ha-1 [0.5-1.5].

Another finding is that the background emissions from organic soils are found to vary with different crops. It is considered to be higher from ploughed soils than from pasture or ley. The suggested emission factors are 1 respectively 6 kg N2O-N ha-1. In this case, however, the suggested IPCC default value was implemented in the inventory, since a Swedish/Finnish research group recently concluded that not enough data exists to generate different emission factors for different management and soil types.
 

N2O from grazing animals

For N2O emissions from N excreted on permanent pastures an emission factor of 1 % N2O-N/kg nitrogen excreted was used for all animal groups, except cattle. Cattle also graze on permanent pastures, but as much as 80% of the dung and urine fall on temporary grasslands or on fertilised arable land,
 which gives a weighted emission factor of 1.8%. Very little information is available on emissions from unfertilised pastures, but according to data in the Revised 1996 IPCC Guidelines Reference Manual, page 4.97, the emissions from unfertilised grasslands in New Zealand range from 0.2 to 1%. Furthermore it is stated that nitrogen losses as N2O are probably low in cold and dry climates, a statement considered to support the lower emission factor for grasslands.

6.3.5.4 Indirect soil emissions, CRF 4D1

For indirect soil emissions, the IPCC default emission factors were used. The IPCC Good Practice Guidance stress the lack of knowledge on a global scale and the extreme variability in the suggested emission factors, and the parties are not encouraged to use national values, unless rigorously documented and previewed country-specific values are developed. 

6.3.5.5  Overview of emission factors

Table 6.24. Emission factor for CH4.
	Enteric Fermentation
	Emission factor 
	Reference of source
	Note

	
	Kg CH4/animal/yr
	
	

	        Dairy Cattle
	120-130
	National, Bertilsson (2001)
	

	        Non-Dairy Cattle (Beef cows)
	98
	National
	

	        Non-Dairy Cattle (other then Beef cows)
	50
	National
	

	        Sheep
	8
	IPCC  
	

	        Goats
	5
	IPCC  
	

	        Horses
	18
	IPCC  
	

	        Swine
	1.5
	IPCC  
	

	        Reindeer
	7.7
	 IPCC
	

	        Poultry
	0
	No fermentation assumed
	

	Manure management 
	
	
	

	 MFC solid manure
	 1 % of B0
	IPCC 
	3

	 MFC liquid manure
	 10 % of B0
	National, Dustan 2002 
	3

	 MFC deep litter
	 39 % of B0
	IPCC
	3

	
	
	
	

	 Dairy Cattle -  volatile solid  (VS)
	 1 937 kg VS/animal/yr
	National - STANK
	

	 Dairy Cattle -    B0
	 0.24 m3 CH4/kg VS
	IPCC 
	2

	 Dairy Cattle -  Emission per animal 
	 16 kg CH4/animal/yr
	Calculated - 2002 
	

	
	
	
	

	 Non-Dairy Cattle - volatile solid (VS) 
	 625 kg VS/animal/yr
	National – STANK, calculated 2002
	

	 Non-Dairy Cattle – B0
	 0.17 m3 CH4/kg VS
	IPCC  
	2

	 Non-Dairy Cattle – emission/animal
	 5.6 kg CH4/animal/yr
	Calculated - 2002
	1

	
	
	
	

	 Swine – volatile solids (VS)
	110 kg TS/animal/yr
	National - STANK
	

	 Swine - B0
	 0.45 m3 CH4/kg VS
	IPCC  
	2

	 Swine - emission per animal 
	 3 kg CH4/animal/yr
	Calculated - 2002
	1

	
	
	
	

	Sheep – emission
	 0.19 kgCH4/animal/yr
	IPCC  
	

	Goats – emission
	 0.12      "
	IPCC  
	

	Horses – emission
	 1.40      "
	IPCC  
	

	Poultry – emission
	 0.08      "
	IPCC  
	


Table 6.25 Emission factor for N2O

	Direct emissions from soils
	Emission factor 
	Reference of source
	Note

	
	% N2O-N of N-supply
	
	

	 Mineral fertilizer
	0.8 
	National, Klemedtsson, 2001
	

	 Manure
	2.5
	National, Klemedtsson, 2001
	

	 Crop residue
	1.25 
	IPCC 
	

	 N-fixing Crops
	1.25 
	IPCC 
	

	 N-fixing in hayfields with clover
	1.25
	IPCC 
	

	 Animal Excretion – grassland
	2 
	IPCC 
	6

	 Animal Excretion – pasture
	1
	National
	7

	Background emission due to cultivation
	Kg N2O-N/ha/yr
	
	

	 Cultivation of Histosoils
	8
	IPCC
	

	 Cultivation of Mineral Soils 
	0.5 
	National, Klemedtsson, 2001
	5

	Indirect emissions from soils
	
	
	

	Deposition of N from Swedish agriculture
	1 % of emitted N
	IPCC
	

	Leached nitrogen
	2.5 % of leaching
	IPCC
	

	 Waste Management System
	% N2O-N of N-supply
	
	

	 Liquid manure
	0.1
	IPCC 
	

	 Solid manure
	2
	IPCC 
	

	 Deep litter
	2
	IPCC
	


Comments 1) Weighted value – more than one animal category   2) B0 = maximum methane producing capacity for manure 3) MCF = Methane Conversion Factor 5) Refers to arable land 6) Excreted N from cattle: 80% to pasture, 20% to grazing land. 7) Refers to excretion-N from cattle (120%), sheep/goats (100%), horses (100 %), reindeer = sheep (100 %). 

6.4 Uncertainties and time series consistency

The uncertainty analysis tables (Tier 1) are presented in chapter 1.7 above together with a general description of the uncertainty analysis.

The agricultural sector contributes to a large part of the total estimated uncertainty. The methodology in the agricultural sector is mainly affected by uncertain emission factors, which seem to be difficult to estimate as a matter of principle. Estimated indirect N2O emissions are among the most uncertain in the whole methodology. Direct N2O emissions from agricultural fields are calculated by IPCC, with an error of about 80% in the emission factor, as stated by the GPG. The distinction between manure and mineral fertilisers in the Swedish inventory may reduce some of the variability. Emissions from manure management might have an estimated error of about 50%, and methane from enteric fermentation seem to be more certain with an error of about 30%. The time series in the agricultural sector are calculated consistently, and when statistics are not produced annually, interpolation and extrapolation have been necessary tools for imputation.

6.5 
QA/QC and verification

6.5.1 
Nutrient balances in Sweden

Regional nitrogen and phosphorus balances for Swedish agriculture have been calculated, according to the soil surface method, since the beginning of the nineties. Table 6.26 shows nitrogen added and nitrogen removed for the whole of Sweden as estimated for 2001.

Table 6.26. Nitrogen added removed for the whole of Sweden as estimated for 2001.
	Input and output of nitrogen in arable land by source in 2001, tons

	Nitrogen added:
	330 310
	
	Nitrogen removed:
	229 780

	
	
	
	
	

	Sources:
	
	
	Sources:
	

	Chemical fertiliser
	175 060
	
	Yield
	224 440

	Stable manure (*)
	69 220
	
	Harvested plant residues
	5 340

	Grazing manure
	24 860
	
	
	

	Sewage sludge
	1 760
	
	Surplus: 
	100 530

	Seed
	4 700
	
	
	

	Biological fixation (**)
	28 440
	
	Leaching
	62 650

	Deposition
	26 270
	
	
	


(*) After losses of ammonia from ventilation, storage and application on the fields and from grazing periods. (**) From N-fixing crops, including clover in ley
The difference between “nitrogen-added” and “nitrogen-removed” results in a surplus containing ammonia losses from the fields, leaching, denitrification and the build-up of nutrients in the soil. The leaching is derived from the SOIL-SOILN model.

When applicable, the methods for estimating different nitrogen sources for establishing nutrient balances have been used in the national greenhouse gas emissions inventory as well (see the methodological description of each source). Hence the estimated input of nitrogen from fertilisers, manure, and biological fixation are consistent with these calculations. 

6.5.2 
Sold fertilisers vs. used fertilisers

Two related parameters are the amount of nitrogen in sold fertiliser, estimated by the sales statistics, and the nitrogen in used fertilisers, estimated from interviews with farmers. The two estimates should be about the same, at least in the long run, but sold quantities and used quantities may differ due to storage and the estimation methods are affected by different error types. The sales statistics also contain quantities sold for use outside the agricultural sector, and is therefore expected to give a higher figure.  

Sales statistics are collected annually by the Swedish Board of Agriculture and Statistics Sweden.
 Data has been collected in the same way from the larger producers and retailers since beginning of the sixties. Statistics on use of fertiliser and manure has been collected by Statistics Sweden
 biannually since the end of the eighties. The estimated nitrogen content in sold products has until 1997, been about 15% higher than the nitrogen in the estimated use.  Not all of this can be explained by sales for use outside the agricultural sector. In recent years, the estimates have been very close, when reducing for use outside the agricultural sector. 

The user statistics give valuable information about use in different crops and regions, but the sales statistics may be considered to give a more accurate estimate of the total use. Therefore, the latter have been used in the greenhouse gas inventory. Another advantage of the sales statistics is that they are annually updated. 

6.5.3 
Reducing compiling errors

The emission estimates in the agricultural sector depend on a set of calculations, one for each sub-source, which use several data matrixes and many parameters described in the methodological overview, etc. The calculations are programmed in the SAS system in order to achieve consistent estimates for the whole time series, sometimes using the same matrixes or factors needed for more than one sub-source. The results and background information are still manually typed into the reporting formats, which may be a source of error. Double-checking inputs and crosschecking between years have been used for eliminating errors. 

The basic steps for preparing the inventory and doing the calculations, along with the SAS program, are stated in a working document. There is also a preliminary list of sector-specific quality control measures. 

6.6 Recalculations

To get a better completeness sewage sludge has been added for all years in CRF 4D1, as extra nitrogen input to soil, causing slightly more N2O emissions. Two reviews have been carried out, influencing emissions from grazing animals. Firstly, the grazing period for dairy cows, taken from official statistics, has been combined with a factor compensating for animals that are stabled at night, assuming that 45% of the excretion during the grazing period goes to the waste management systems, which also affect emissions from AWMS in CRF 4B. Secondly, the factor of 20% extra nitrogen content in manure production from grazing animals used in the earlier submission has been abandoned. Experts recently reassessed this factor, since there is neither convincing evidence nor support in the IPCC methodology. The production of manure (VS) from dairy cattle was underestimated by about 10% in the latest submission of the inventory. This error was discovered in the QC process and has been corrected in the current submission.

6.7 Coming improvements

No specific improvements are planned.

7 Land-Use Change and Forestry (CRF sector 5) 

7.1 Overview

The reported greenhouse gas emissions by sources and removal by sinks covers most land use classes. The most important land use class is Forest land, defined according to the Swedish definition of forest as “all land which is not preserved or primarily used for other active land use than forestry, which hosts a potential yield of stem-wood exceeding one m3 per hectare and year”. About 94% of the reported carbon uptake increment originates from trees on Forest land. The remaining parts originate from trees on all other land use classes (Mire, Rock surface, Sub-alpine coniferous woodland, Grazing land, Arable land, Other area) except trees from High mountains in the northwest of Sweden, protected areas (Nature reserves and Military wasteland), and Urban and Industrial land. The land use class borders of 2002 are used. Protected areas that have been set aside, mainly for nature conservation, between 1990-2002 are assumed protected during the whole period and are not included. An administrative border between boreal and temperate forests is used. The north of Sweden is considered as boreal and the most southern provinces (Skåne, Halland and Blekinge) are considered as temperate. Summary statistics concerning carbon removal by sinks, grouped by species composition per forest type and land use class, are found in Table 7.1. The figures are based on average data (1998-2002) inventoried by the National Forest Inventory (NFI). Summary statistics concerning carbon emissions by sources, grouped by commercial harvest, fuel wood consumed, other wood use and natural losses, are found in Table 7.2. The figures are based on average data (1998-2002) from consumption studies performed by the National Board of Forestry (NBF). 

Table 7.1. Carbon removal by sinks, grouped by species composition and area by forest type and land use class. Coniferous forests are forests with at least 65% coniferous species (volume), broad-leaved forests are forest with at least 65% broad-leaved species. The remaining forests are mixed-wood forests. A separate non-forest class, for example including biomass on rock surface, is denoted not available. See also CRF 5A. 

	
	
	Carbon removal by sinks (increment)
	Area

	
	
	[M ton]
	[M ha]

	
	
	Coni-
	Broad-
	Mixed-
	Not 
	Total
	Total

	
	
	ferous
	leaved
	Wood
	avail.
	
	

	Boreal
	Forest land
	27.4
	2.6
	3.3
	0.0
	33.4
	21.7

	
	Other surveyed
	0.8
	0.4
	0.2
	0.7
	2.1
	9.0

	
	Sum surveyed
	28.3
	2.9
	3.6
	0.7
	35.5
	30.7

	Temperate
	Forest land
	1.8
	0.4
	0.1
	0.0
	2.3
	0.8

	
	Other surveyed
	0.0
	0.1
	0.0
	0.0
	0.1
	0.9

	
	Sum surveyed
	1.8
	0.5
	0.1
	0.0
	2.4
	1.7

	Total
	Forest land
	29.2
	3.0
	3.5
	0.0
	35.7
	22.5

	
	Other surveyed
	0.8
	0.4
	0.3
	0.7
	2.2
	9.9

	
	Sum surveyed
	30.1
	3.4
	3.7
	0.7
	38.0
	32.4


Table 7.2. Carbon emissions by sources, grouped by commercial harvest, fuel wood consumed, other wood use and natural losses (other changes in carbon stocks). See also CRF 5A. 

	
	
	Carbon emission by sources (harvest/natural losses) 

	
	
	[M ton]

	
	
	Commercial harvest
	Fuel wood consumed
	Other wood use
	Natural losses
	Total

	Boreal
	Forest land
	11.9
	1.3
	11.5
	2.0
	26.6

	
	Other surveyed
	0.2
	0.0
	0.2
	0.1
	0.6

	
	Sum surveyed
	12.2
	1.3
	11.8
	2.0
	27.4

	Temperate
	Forest land
	1.0
	0.1
	1.0
	0.2
	2.2

	
	Other surveyed
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Sum surveyed
	1.0
	0.1
	1.0
	0.2
	2.3

	Total
	Forest land
	12.9
	1.4
	12.4
	2.1
	28.9

	
	Other surveyed
	0.2
	0.0
	0.3
	0.1
	0.6

	
	Sum surveyed
	13.2
	1.4
	12.8
	2.2
	29.7


7.2 Source category description

7.2.1 Changes in Forest and Other Woody Biomass Stocks, CRF 5A

Since at least 1923, when the National Forest Inventory began monitoring, Swedish Forest and Other Woody Biomass stocks have constituted a net sink. Since then, the standing volume has increased by more than 50% and is today
 more than 3000 M m3. This corresponds to about 1300 M ton biomass (dry weight) or 630 M ton carbon. The carbon uptake increment has been quite stable from year to year but the carbon release from forest products might fluctuate, depending on market conditions. 

All land use classes, except trees from High mountains, Urban- and Industrial land and protected areas, are reported (see overview). The tree stock in High mountains (area about 3000 M ha) is assumed to be low and the Urban- and Industrial land (area about 1000 M ha) is not inventoried. Protected areas often consist of relatively young ecosystems that are not yet in a stable state. Protected areas are, as recommended by the Revised IPCC Guidelines, not reported.

The estimated carbon uptake increment refers to all living trees with a height of at least 1.3 m. Small trees, shrubs and other vegetation as herbs are not included in the figures. Both above ground and below ground biomass are reported. A tree is assumed oxidised when it dies or is cut. All figures are based on average figures from 1998-2002. The growth of trees refers to the annual total growth. The growth figure is based on the growth of the standing stock but the growth of cut trees is also accounted for until removal (the growth of cut trees constitutes about 7% of the total growth). 

7.2.2 Forest and grassland conversion, CRF 5B and Abandonment of managed lands, CRF 5C

Forest and grassland conversions are today quite rare in Sweden. The estimated forest area was 22.619 M ha in 1996-2000 and 22.614 M ha in 1997-2001. The estimated grassland area was 0.482 M ha in 1996-2000 and 0.481 M ha in 1997-2001. These net figures are based on both permanent and temporary NFI sample plots. Gross area changes of forest and grassland by permanent sample plots representing 1988-1992 were estimated. Changes in land use were then studied over about 7.5 years (Table 7.3). The result shows that large areas of forests were set aside mainly for nature conservation (Other land) during the period. Forest areas that have been set aside for nature protection are assumed protected during the whole period and are not reported.    

Table 7.3. The by permanent NFI sample plots estimated area of land use classes 1990 (grey), and 1997.5 (darker grey), land use conversions between 1990-1997.5 (no colour) and non-conversed land (light grey). Annual conversions are found inside brackets.

	
	Area 1990
	Land use conversions 1990-1997.5 [1000 ha]

	Land use class
	 [1000 ha]
	Forest land
	Grassland
	Cropland
	Wetland
	Settlement
	Other land

	Forest
	22856
	22352 
	52 (7)
	23 (3)
	90 (12)
	115 (15)
	225 (30)

	Grassland
	480
	35 (5)
	394
	38 (5)
	1 (0)
	11 (1)
	0 (0)

	Total area about 1997.5
	22609
	478
	
	
	
	


Forest fires are not frequent in Sweden. The annual area
 is about 400-6400 ha. Forest and grassland conversions are also rare and emissions/removals are reported as zero. Estimates of these uncommon sources/sinks are not reliable due to a large sampling error. 

Annually, about 12 000 ha of agricultural land have been abandoned during the 20 years prior to 2002. The estimated total abandoned area during the period was 234 534 ha. Abandoned land is, by legislation, directly converted to forestland and, to avoid the double counting of biomass, no figures have been reported under abandonment of managed lands.    

7.3 Methodological issues, CRF 5A and 5D

7.3.1 Changes in Forest and Other Woody Biomass Stocks, CRF 5A

A national methodology (Tier 2) was used. The net sink was calculated as the gross carbon uptake increment minus the carbon release. The gross carbon uptake increment was based on data from the National Forest Inventory
 (NFI) and the carbon release was based on data from the National Board of Forestry
 (NBF). For both data sources, all figures are based on average data from 1998-2002. 

Expansion factors for the conversion of estimates of volume to biomass are based on standing stock data. The biomass per fraction (stem including bark, branches and needles, stump and root system) was estimated by applying Marklund’s
 biomass functions to sample trees of the NFI. The corresponding volume was estimated by functions from Näslund
 (growth is estimated by functions from Svensson
). The developed expansion factors were applied to both estimates of volume growth and harvested volume. The conversion factor 0.49 was used to convert biomass to carbon.
 

Marklund’s single tree regression functions are developed for predicting biomass of the tree fractions’ needles (not leaves), branches, bark, stem and below ground parts for the Scotch pine (Pinus sylvestris), the Norway spruce (Picea abies) and the birch (Betula pendula and Betula pubescens). The total fresh weight of each tree and the fresh weight of samples from different fractions have been measured in the field. The dry weight of each sample, defined as the constant weight at 105° Celsius, has been measured in the laboratory. The calculations of dry weight per fraction have been based on these measurements. The trees have been selected from 123 stands from different parts of Sweden, covering a wide variety of stand and site conditions. The derivation data is representative of Swedish forests and the selected species constitute about 92% of the standing volume.
 Broad-leaved species constitute most of the remaining 8% and functions based on birch were applied to all broad-leaved species. Functions for predicting the biomass of below ground parts exists only for pine and spruce, and the spruce functions were applied to the below ground parts of all broad-leaved species. All fine roots are not covered in the derivation data set and when applying Marklund’s functions, the total below ground biomass will probably be slightly underestimated. Volume refers to the above ground parts of a tree, excluding branches and needles. The volume was estimated by Näslund’s single tree volume functions.

The NFI is an annual, systematic cluster sample inventory of Sweden's forests. Each year about two thousand survey sample clusters are inventoried in the field. Half of the clusters are temporary and half are permanent. The clusters are distributed throughout the country in a pattern that is denser in the south of Sweden than in the north. The clusters are square-shaped with sample plots along each side. The number of sample plots in each cluster is between eight and twelve, depending on the geographical region. Each year, more than 10 000 survey sample plots are inventoried in the field. On each circular sample plot with a radius of 7 m or 10 m, a lot of information is collected about the trees, the stand and the site. The focus of the NFI is on monitoring forests for timber production and environmental protection. 

The figures of carbon release (except natural losses) are based on consumption studies performed by the National Board of Forestry
 (NBF). The gross annual felling is defined as the volume of all trees that have been separated from their stumps during one year. In turn, the gross annual felling is subdivided into “Total biomass removed in commercial harvest”, “Total other wood use” and “Traditional fuel wood consumed”. The “Total biomass removed in commercial harvest” is defined as the volume of gross felling, minus cut trees remaining in forests, minus the remaining tops, branches, needles, stumps and roots, minus a combusted part (fuel wood). “Total other wood use” refers to cut trees, tops, branches, needles, stumps and roots remaining in the forest (minus a combusted part). “Traditional fuel wood consumed” is the above-mentioned combusted parts, calculated as 7% of the gross annual felling. The figure (7%) is subjectively judged and based on consumption studies of wood fuel. In the “gross felling model” the “Total biomass removed in commercial harvest” is based on consumption studies of roundwood and the added “Total other wood use” is based on data from the NFI. Imports and exports have been considered. Natural losses are, as with the estimates of growth, based on sample trees of the NFI. 
7.3.1.1 Expansion factors

All expansion factors for the conversion of estimates of volume to estimates of biomass are based on standing stock data. The conversion factor from volume to stem biomass should, more or less, be of the same order of magnitude for all conversions (Table 7.4 and Table 7.5). However, rounding errors might have some influence on discrepancies.

At first sight, the expansion factors for conversion to biomass of branches and stumps for other wood use seems rather high. The main explanation is that this factor also includes branches and stumps “from commercial harvest and trees consumed as fuel wood”. 

Table 7.4. Volume and biomass per fraction by species, for the standing stock of trees and for the increment (removal) of trees. Stem is defined as the above ground parts of trees, excluding branches and needles. Branches are defined as branches and needles. Stump refers to the stump and root system. The conversion factor from one volume unit [1 m3] to one biomass unit [ton] is found inside brackets. The proportion of biomass per fraction is also presented.

	
	Volume
	Biomass

	
	
	Stem
	Branches
	Stump
	Total

	Standing stock
	[M m3]
	[M ton]
	[M ton]
	[M ton]
	[M ton]

	Pine (mainly Pinus sylvestris)
	1168


	482 (0.41)


	123 (0.11)
	181 (0.16)
	786 (0.67)

	Spruce (mainly Norway spruce)
	1270
	515 (0.41)
	254 (0.20)
	219 (0.17)
	988 (0.78)

	Broad-leaved
	512
	257 (0.50)
	73.3 (0.14)
	96.2 (0.19)
	426 (0.83)

	Dead trees
	69.9
	29.9 (0.43)
	10.7 (0.15)
	11.8 (0.17)
	52.5 (0.75)

	All 
	3020
	1283 (0.42)
	461 (0.15)
	508 (0.17)
	2252 (0.75)

	Biomass (fraction/total)
	
	57%
	20%
	23%
	100%

	Removals (total)
	[M m3]
	[M ton]
	[M ton]
	[M ton]
	[M ton]

	Pine (mainly Pinus sylvestris)
	35.6
	14.7 (0.41)
	3.7 (0.10)
	5.5 (0.15)
	23.9 (0.67)

	Spruce (mainly Norway spruce)
	45.3
	18.4 (0.41)
	9.1 (0.20)
	7.8 (0.17)
	35.3 (0.78)

	Broad-leaved
	21.9
	11.0 (0.50)
	3.1 (0.14)
	4.1 (0.19)
	18.2 (0.83)

	Dead trees
	0
	0
	0
	0
	0

	All 
	103
	44.0 (0.43)
	16.0 (0.16)
	17.5 (0.17)
	77.5 (0.75)

	Biomass (fraction/total)
	
	57%
	21%
	23%
	100%


Table 7.5. Volume and biomass per fractions by species, for emissions, and removals minus emissions by tree species. Stem is defined as the above ground parts of trees, excluding branches and needles. Branches are defined as branches and needles. Stump refers to the stump and root system. The conversion factor from one volume unit [1 m3] to one biomass unit [ton] is found inside brackets. The proportion biomass per fraction is also presented. 

	
	Volume
	Biomass

	
	
	Stem
	Branches
	Stump
	Total

	Commercial harvest
	[M m3]
	[M ton]
	[M ton]
	[M ton]
	[M ton]

	Pine (mainly Pinus sylvestris)
	22.8
	9.39 (0.41)
	0
	0
	9.39 (0.41)

	Spruce (mainly Norway spruce)
	35.0
	14.2 (0.41)
	0
	0
	14.2 (0.41)

	Broad-leaved
	5.38
	2.70 (0.50)
	0
	0
	2.70 (0.50)

	Dead trees
	1.56
	0.66 (0.42)
	0
	0
	0.66 (0.42)

	All 
	64.7
	27.0 (0.42)
	0
	0
	27.0 (0.42)

	Fuelwood consumed
	[M m3]
	[M ton]
	[M ton]
	[M ton]
	[M ton]

	Pine (mainly Pinus sylvestris)
	1.80
	0.74 (0.41)
	0.19 (0.11)
	0
	0.93 (0.52)

	Spruce (mainly Norway spruce)
	2.78
	1.13 (0.41)
	0.56 (0.20)
	0
	1.68 (0.61)

	Broad-leaved
	0.43
	0.21 (0.50)
	0.06 (0.14)
	0
	0.27 (0.64)

	Dead trees
	0.12
	0.05 (0.41)
	0.02 (0.14)
	0
	0.07 (0.57)

	All 
	5.13
	2.13 (0.42)
	0.82 (0.16)
	0
	2.96 (0.58)

	Other wood use
	[M m3]
	[M ton]
	[M ton]
	[M ton]
	[M ton]

	Pine (mainly Pinus sylvestris)
	1.65
	0.68 (0.41)
	2.56 (1.56)
	4.07 (2.47)
	7.31 (4.44)

	Spruce (mainly Norway spruce)
	2.34
	0.95 (0.41)
	7.48 (3.19)
	6.93 (2.96)
	15.4 (6.55)

	Broad-leaved
	1.27
	0.63 (0.50)
	0.95 (0.75)
	1.33 (1.05)
	2.91 (2.30)

	Dead trees
	0.13
	0.06 (0.42)
	0.25 (1.82)
	0.29 (2.16)
	0.59 (4.40)

	All 
	5.39
	2.32 (0.43)
	11.2 (2.08)
	12.6 (2.34)
	26.2 (4.85)

	Natural losses
	[M m3]
	[M ton]
	[M ton]
	[M ton]
	[M ton]

	Pine (mainly Pinus sylvestris)
	0
	0
	0
	0
	0

	Spruce (mainly Norway spruce)
	0
	0
	0
	0
	0

	Broad-leaved
	0
	0
	0
	0
	0

	Dead trees
	6.15
	2.61 (0.42)
	0.89 (0.14)
	0.98 (0.16)
	4.49 (0.73)

	All 
	6.15
	2.61 (0.42)
	0.89 (0.14)
	0.98 (0.16)
	4.49 (0.73)

	Emissions (total)
	[M m3]
	[M ton]
	[M ton]
	[M ton]
	[M ton]

	Pine (mainly Pinus sylvestris)
	26.2
	10.8 (0.41)
	2.75 (0.11)
	4.07 (0.16)
	17.6 (0.67)

	Spruce (mainly Norway spruce)
	40.2
	16.3 (0.41)
	8.04 (0.20)
	6.93 (0.17)
	31.2 (0.78)

	Broad-leaved
	7.07
	3.54 (0.50)
	1.01 (0.14)
	1.33 (0.19)
	5.88 (0.83)

	Dead trees
	7.97
	3.38 (0.42)
	1.15 (0.14)
	1.27 (0.16)
	5.81 (0.73)

	All 
	81.4
	34.0 (0.42)
	13.0 (0.16)
	13.6 (0.17)
	60.6 (0.74)

	Biomass (fraction/total)
	
	56%
	21%
	22%
	100%

	Removals-Emissions (total)
	[M m3]
	[M ton]
	[M ton]
	[M ton]
	[M ton]

	Pine (mainly Pinus sylvestris)
	9.41
	3.86
	0.98
	1.45
	6.29

	Spruce (mainly Norway spruce)
	5.12
	2.11
	1.08
	0.91
	4.09

	Broad-leaved
	14.8
	7.43
	2.12
	2.79
	12.3

	Dead trees
	-7.97
	-3.38
	-1.15
	-1.27
	-5.81

	All 
	21.4
	10.0
	3.03
	3.87
	16.9

	Biomass (fraction/total)
	
	59%
	18%
	23%


	100%


7.3.2 Cultivation of mineral soils and cultural soils, CRF 5D

7.3.2.1 Agricultural soils

Emissions from mineral soils are not reported. When it comes to organic soils the annual emission carbon dioxide emissions is calculated using a national emission factor (CLF) multiplied with the area of organic soils in Sweden. 

The area of cultivated organic soils in Sweden is considered to have remained a constant 9% of the area of arable land during the period 1990 - 2002. The proportion of different crops grown on organic soils is also assumed constant during the same period. This proportion was estimated to 9% of the arable land in 1996/97, or about 250 000 ha.
 Annual crops are cultivated on nearly half of the area, while the remaining part is used for ley or as permanent pasture. About 10% of the area is cultivated with row crops (mainly potatoes and carrots).

The emission factor has been estimated using data from eight Swedish sites where the mean annual subsidence rates for peat soils cultivated with different crops have been studied.
  Carbon oxidation has been calculated to make up 30 - 40 % of the total subsidence,
 and we have used a fixed value of 35 %. Assuming a bulk density of 0,2 g cm-3 and a carbon fraction of the oxidized soil layer of 0,45
 the mean annual carbon loss per cm soil subsidence was calulated as:

Carbon loss factor (CLF)= 10 000 x 0,01 x 0,2 x 0,45 x 0,35 =  3.15 (Mg C ha-1 yr -1 cm-1) 

Total carbon emissions from organic soils in Sweden was estimated using the formula:

             CO2 - C  emission =   ∑  subsidence rate i  x  area i  x CLF



      i

  where area i  and subsidence rate i denotes the area and the subsidence rate of crop type i. The background data for subsidence rates are given in the table below. 

	Crop type
	Subsidence rate (cm yr-1)
	Distribution (%)

	Pasture
	0.5
	10

	Ley
	1.0
	45

	Cereals
	1.5
	35

	Row crops
	2.5
	10

	Total
	
	100


7.3.2.2 Forest soils

Regarding the quantities of litter in Swedish forests, information is only available from literature sources and a limited number of research sites. Measurement of this carbon pool today is not included in the NFI nor in the NSFSV (National Survey of Forest Soils and Vegetation).

The soil inventory (NSFSV), that could be possible to use to meet the reporting requirement of the soil carbon pools under 5D in the CRF, , is too uncertain at present. Some of the problems and possible improvements, needed to be solved before the NSFSV can be used for reporting are presented below.. In the NSFSV, among other analyses, the sampled humus cores as well as samples of fine fractions of mineral soil at different depths are analysed for carbon content. , Although the survey should be adequate for determining changes in the soil carbon pools, some problems to estimate changes in the soil carbon pools have been encountered. Problems encountered involve the principles for selecting humus cores (i.e. identification of the border between the different soil layers?), how to estimate the bulk density of the finer soil fractions (which are the ones that are analysed), lack of methods for assessing the amounts of stones and boulders in the soil, and a lack of samples from land with deep peat layers.

The soil organic carbon content measured in the NSFSV is expressed as concentration and/or amount. The former commonly refers to the concentration of C in, for example, the percentage of dry weight of fine soil (<2 mm), whereas the latter is the density of C within a layer or reference depth per area unit. Layers are either defined as genetic soil horizons (such as O, E and B horizons) or as a set of  depth intervals  (such as 0-5, 5-10 cm etc.). The amount is usually calculated by multiplying the volume (layer thickness*area unit) by the bulk density and by the C concentration. For soil containing mineral matter of over 2 mm, i.e. coarse material, the volume has to be reduced corresponding to the volume of coarse material. A crucial question for estimating the soil carbon pool is to which depth the stock should be accounted for. For Sweden, we suggest that a depth of 0.5 m measured from the bottom of the humus layer would be optimal in mineral soils. However, the NSFSV was never designed to measure carbon stock changes and, up to now, few evaluations of soil carbon stocks have been made.

The main data set on carbon content in the humus layers has enabled the determination of carbon stocks, with corresponding uncertainties. The results, based on 759 plots, indicate that this carbon pool has increased in southern Sweden during the last decades by approximately 0.5% per year. In central Sweden, an increase is indicated, but it is not significant. For northern Sweden, a slight decrease in humus layer carbon is indicated. A sensitivity analysis was performed to illustrate how many plots are needed to establish a certain real change as statistically significant, based on the actual variation of carbon in the humus layer. To verify an estimated increase of carbon stock in the humus layer of 2.5 % over a 5-year period, a minimum of 700 plots would be needed.

Regarding carbon in thick peat layers, data and methods are still lacking for making a deeper analysis. However, it is stressed that a large proportion of all soil carbon in Sweden occurs in peatlands and that peatland under forest might be a potential carbon source. Hence, it is urged that methods to survey peat carbon stocks should be improved.

Due to the high variation in carbon concentration in mineral soils and the lack of data on stones and boulders, no reliable estimate of carbon stock changes in mineral soils has so far been made. If we assume an annual increase of 0.5% and apply the known variation in concentration, bulk density and stone and boulder content, the change over a 5-year period for mineral soil material to a depth of 0.5m would be 21 M ton C, with a standard error of 8.5 M ton C. The estimate is based on the present number of analysed samples, equal to 3500.

In general, a prominent feature when using sample-based approaches for the reporting under the Kyoto Protocol is that standard errors can be estimated based on the data collected. Thus, contrary to many other kinds of reporting of removals or emissions of GHGs, there is no need to make qualified guesses regarding the precision of the data. Moreover, with – hopefully unbiased – conversion functions applied to individual plot data, the uncertainty of these models will be reflected in the final estimate of the standard error for the total change.

7.3.3 Liming of Agricultural Soils, CRF 5D

The IPCC methodology for estimating CO2 emissions is roughly presented in the 1996 IPCC Workbook. The formula can be stated:
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where Qlimestone and Qdolomite are the used quantities of limestone and dolomite respectively, 0.120 and 0.122 are the IPCC default emission factors for carbon emissions from liming (kg of CO2-C/kg of limestone spread), and 44/22 is the relative weight of CO2 compared to coal (1996 IPCC Workbook).

Activity data is taken from the annual sales statistics produced by Statistics Sweden, published in Na/Mi 30 SM “Sales of lime for agricultural and horticultural purposes and for lakes and woodlands”. On a national level, this survey is considered to give a very accurate estimate of the total quantity of sold (and hence presumably used) lime. Data on different sold quantities of lime are stated in Table 7.7. 

The IPCC Workbook refers to the rough categories “limestone” and “dolomite”. Other categories in the Swedish calculations are MG-lime, which is classified as “dolomite” and lime from steel and sugar production, which is classified as “limestone”. Quantities used are metric tons of product, except for lime from sugar production, which has been reduced for water content.

Table 7.6. Sold quantities of lime for agricultural and horticultural purposes in Sweden, by categories, tons 

	Year
	Lime-stone
	Find-ground raw lime
	Dolomite
	Mg-lime
	Lime for gardens
	Lime from steel-production
	Lime (*) from sugar production
	Other lime- products

	1990
	80 500
	26 600
	56 800
	70 800
	47 100
	32 600
	67 860
	1 500

	1991
	71 000
	32 800
	38 600
	62 300
	37 600
	12 100
	48 490
	200

	1992
	46 800
	37 300
	24 000
	45 200
	32 100
	10 600
	49 530
	300

	1993
	68 500
	36 000
	27 200
	49 100
	31 700
	9 000
	71 695
	200

	1994
	87 700
	62 000
	29 300
	58 800
	24 400
	9 200
	82 290
	300

	1995
	110 000
	71 000
	27 700
	55 600
	27 900
	9 800
	80 405
	400

	1996
	123 200
	79 100
	38 400
	83 600
	22 200
	9 600
	79 430
	400

	1997
	118 500
	52 500
	33 500
	82 800
	19 400
	13 500
	73 645
	0

	1998
	61 000
	48 800
	30 600
	47 200
	21 300
	4 900
	82 290
	0

	1999
	67 900
	64 500
	37 200
	75 300
	13 600
	16 000
	79 170
	0

	2000
	68 000
	80 900
	38 500
	63 000
	14 800
	10 300
	77 610
	300

	2001
	56 400
	72 900
	23 300
	65 700
	12 800
	7 600
	70 980
	100

	2002
	68 400
	52 000
	39 100
	45 200
	8 500
	1 100
	103 100
	4 900


Statistics Sweden, 2003

(*) Lime from sugar production has a high water content, about 35 %. Quantity given in dry matter.

7.4 Uncertainties and time series consistency

Uncertainties from CRF 5 are not included in the uncertainty analysis presented in chapter 1.7 above.

The uncertainty in reported emissions arises from the uncertainty in the activity data, uncertainty in emission factors and uncertainty arising from whether all (major) sources of emissions are included in the inventory.

7.4.1 Uncertainty in activity data and emission factors, CRF A-C

Estimates of removal by sinks are based on regression functions applied to sample trees from the NFI
. The estimated accuracy of these estimates depends mainly on the NFI sample design. Results from the control inventory of the NFI indicate that measurement errors, registration errors and errors caused by the instruments (calipers) could be assumed to be zero. The derivation data for the regression functions
 cover a wide variety of stand and site conditions and a potential bias induced by wrongly specified models and unrepresentative derivation data could probably be ignored. The estimated standard error of estimates of removal by sinks is about 10%.

The reported emissions by sources are not based on a sample but on consumption studies. It is very difficult to quantify systematic errors from misjudged conversion quotients for different assortments or systematic errors induced by other factors. However, the reported emissions could be, and are, checked by comparison with corresponding NFI estimates that are based on stumps from cut trees. A standard error of about 5-25% could probably be expected for emissions.

The trend in net removals by sinks is found in Table 7.6. The main fluctuation in the trend could be explained by the varying amount of cuttings. The conversion factors from volume to stump and root biomass might not be consistent after 2000. This is currently being investigated. As mentioned, all expansion factors are based on standing stock data. The true expansion factors for standing stock, growth and harvest are probably not exactly the same. The potential bias induced by this inconsistency will be further investigated. 
Table 7.7. The trend in net removals by sinks in the Land Use Change and Forestry sector.

	
	Total
	Total

	Year
	Tg CO2/year
	Tg C/year

	1990
	24
	6.6

	1991
	33
	9.0

	1992
	27
	7.4

	1993
	33
	9.1

	1994
	30
	8.1

	1995
	25
	6.9

	1996
	26
	7.2

	1997
	31
	8.3

	1998
	28
	7.8

	1999
	31
	8.4

	2000
	31
	8.4

	2001
	29
	7.8

	2002
	30
	8.3

	Average
	29
	8.0


7.4.2 Uncertainty of completeness, CRF 5 A-C

Only tree biomass is reported. Marklund
 probably underestimated the biomass of the stump and root system. New biomass functions for the entire below ground part are under development. 

Temperate forests have not been reported consistently since 1990 onwards. Our ambition is to improve this in the future. It should be observed that when temperate forest has not been reported separately, it has been included in the reported boreal forest. 

As mentioned, conversions of land use classes are quite uncommon in Sweden and are not reported. However, the biomass of living trees is monitored and reported for all important land use classes except protected areas. These areas mainly consist of national parks and nature reserves and should not be reported. 

On-site burning, roughly corresponding to 0.1 M ton carbon per year, is not reported.

7.4.3 Uncertainties and time series consistency, CRF 5D

Sales statistics on lime for use in the agricultural and horticultural sector have been produced by Statistics Sweden annually and are methodologically consistent during the relevant period, which ensures a consistent time series. The estimate of total national sales is considered as high quality data. The used IPCC default emission factors may however contribute to considerable insecurity to the emission estimate.
7.5 QA/QC and verification 

The 2001 IPCC Good Practice Guideline (GPG) does not cover the Land Use Change and Forestry sector. A formal QA/QC analysis will be reported when the GPG for this sector has entered into force.

7.5.1 Quality assurance

Quality assurance has been carried out in an internal review by the Swedish University of Agricultural Sciences, Department of Forest Resource Management and Geomatics and at the Environmental Protection Agency. The National Board of Forestry has made an external review.

7.5.2 Quality control 

The 2001 IPCC Good Practice Guideline does not cover the Land Use Change and Forestry sector. Despite this, a quality control has been performed following level Tier 1 (Table 8.1 in IPCC GPG 2001) for CRF sector 5A-C. 

The first step in the quality control is to ensure data integrity, accuracy and completeness in an internal review by the authors. Errors and omissions have been identified and addressed as carefully as possible. This sector report is a documentation of the internal quality control. All underlying data is archived by SLU. The next step in the quality control is an internal control by people not involved in the reporting and external control. This step and the formal quality control are described in Chapter One.

For CRF sector 5D it has not been possible to verify the emission factors for Liming of agricultural soils, which may be very uncertain.

7.5.3 Verification, CRF 5A-C

The presented net carbon bound to forests is calculated as the difference between growth and harvest. Using this approach, the estimated sink is about 8 M ton carbon per year (average 1990-2002). It is also possible to estimate this difference by studying historical carbon stocks. The difference between the estimated carbon stocks in 2000 (average 1999-2001) minus the carbon stocks in 1990 (average 1989-1991) is 87 M ton carbon or nearly 9 M ton carbon each year. This estimate is based on both permanent and temporary sample plots of the NFI and the estimated standard error of the estimate is about 10% (95% confidence interval: 69,6-104 M ton C). For these two approaches, the carbon bound to Swedish forests corresponds well. 

7.6 Recalculations

CRF 5A: The only formal recalculation is for 2001. The new estimated net removal by sinks is 7.8 M ton C (gross removal 37 M ton C, gross emission 29 M ton C) or 29 M ton CO2. The reason for the recalculation was a calculation error. This year the conversion factor for stump and root biomass (as for all other biomass fractions) was obtained by applying biomass functions
 to the standing stock sample trees from the NFI. At present, this is believed to be the best methodology possible. In former years, a stump and root proportion was added to estimates of biomass of other fractions. Therefore, the conversion factors from volume to stump and root biomass are suspected not to be consistent after 2000. This is currently being investigated.
To improve the completeness and understanding some changes have been undertaken. These changes are mainly based on comments in external reviews. Activity data has now been reported in table 5A and notation keys have been used in all tables. Tables 5A, 5B, 5C and 5D are now reported in a more complete way. The rationale for reporting zero for some sinks (Tables 5B and 5C) has been more fully explained. More information has been given in the CRF boxes for documentation. Methods and references have now been more thoroughly discussed. More information is provided about recalculations. Most of these corrections were already made in the reporting from last year. 

An administrative border (rather than a natural geographical border) between temperate and boreal forests has been used (see 5.6.2).

CRF 5D: No real recalculations have been carried out for Liming of agricultural soils, but emission on CO2 from cultivation of organic soils in 2001 was by a misstake not included in Submission 2003, but in Submission 2004 CO2 emissions are included for all years. Due to this former error  the differences in reported emissions  for CRF 5D is very high between  submission 2003 (previous submission) and submission 2004 (latest submission) in table 8a  in the CRF.

7.7 Coming improvements

CRF 5A-C: One area for future improvements is to develop separate conversion factors for growth and for cuttings. This is possible by combining information from the NFI in a simulation model.
 New regression functions for estimating below ground parts for Scotch pine, Norway spruce and birch are under development. For consistency, recalculations from 1990 onwards will be needed.

No improvements are planned for CRF 5D, Liming of agricultural soils.
8 Waste (CRF sector 6)

8.1 Overview 

In this sector, the most important emissions of greenhouse gases are CH4 from solid waste landfills. A minor category is N2O from waste water handling. For both CH4 and N2O, the trend over the last ten years has been the constant reduction of emissions of these gases with about 30% (based on CO2 equivalents). These trends can be explained by the decreasing quantities of organic waste landfill interacting with an increasing quantity of recovered CH4 and a reduction in the quantity of nitrogen discharged from municipal waste water treatment plants.

8.2 Source category description

8.2.1 Solid waste disposal on land, CRF 6A

8.2.1.1 Waste treatment in Sweden

Waste management in Sweden has developed over recent years. Legislation, such as the implementation of EU directives and national tax policies in the waste management field, has forced and encouraged investments in new technical solutions and treatment methods within this field. 

The most important change is the implementation of section 26 of the Waste Collection and Disposal Ordinance, concerning combustible waste and section 27, the prohibition on separated combustible waste in landfills. These were implemented on January 1st 2002. The section of the Ordinance prohibiting the deposition of organic waste as landfill will be implemented on January 1st 2005, according to the Swedish Environmental Protection Agency (EPA).

During the 1990s, the amount of deposited waste has decreased significantly, due to the implementation of waste treatment policies. This is especially notable for household waste, which is the biggest contributor of greenhouse gases in all waste categories. Only 22 percent of household waste was deposited in 2001. The remaining part was either recycled or converted into fuel, and a smaller part was treated biologically. 

There are about 230 landfill sites for municipal waste in Sweden. The number of sites receiving more than 50 tons of waste has decreased by about 70 sites since 1994. The 25 largest sites receive about half of the total amount of waste. In 2001, landfill gas was extracted at 75 landfills, of which seven had ceased to receive waste. 

Landfilling has become an expensive solution for the disposal of waste. Since January 1st 2000, there is taxation on landfilling, currently 250 SEK per ton of waste liable to taxation. This action is presumed to have contributed to reduce the amount of landfilled municipal waste (see further in section 8.2.1.2). The trend is expected to continue in the future because of actions such as the ongoing comprehensive extension of the treatment capacity of Swedish incineration plants for household waste (with energy recovery).

8.2.1.2 Emission estimates

The decrease in deposited waste quantities reduces the potential of methane emissions from landfills. Figure 8.1 shows the methane emissions calculated by the IPCC default model and the IPCC First Order Decay (FOD) model respectively. 
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Figure 8.1. Emission of methane from Swedish landfills 1990-2002, estimated by the two IPCC methodologies

1000 tons

The two methods are not really comparable. According to the default model, there is a rapid decrease that immediately follows the decrease in deposited waste. By using this model, the landfill gas potential is calculated, rather than the actual gas emissions. The FOD model, on the other hand, uses a time factor representing the delay in methane production, which results in a slower decrease of emitted methane. The estimates of the FOD model are used in the National Greenhouse Gas Inventory. In Table 8.1, the estimates from the FOD model and the deposited amount of multiple solid waste (MSW) are presented.

Table 8.1 Methane emission from Swedish landfills according to IPCC. Default and FOD methods. Landfilled MSW(*). 1990-2002
	Year
	Gas emissions 

Default method 

1000 tons of methane
	Gas emissions 

FOD method 

1000 tons of methane
	Total landfilled 

MSW(*) in 

1000 tons 

	1990
	167
	122
	2975

	1991
	159
	124
	2818

	1992
	151
	124
	2722

	1993
	140
	120
	2625

	1994
	123
	115
	2381

	1995
	105
	114
	2160

	1996
	96
	113
	2099

	1997
	99
	111
	2214

	1998
	74
	109
	1804

	1999
	60
	102
	1619

	2000
	48
	97
	1332

	2001
	53
	94
	1368

	2002
	42
	86
	1189


(*) Includes household and similar waste, sludge from waste water handling, park and garden waste, sludge from pulp industry and other organic industrial wastes. 

8.2.1.3 Waste statistics in Sweden

The Swedish EPA made the first national survey in Sweden in 1980, collecting data on landfilled waste (only for household waste and similar). Statistics Sweden collected similar data in 1985, 1990 and 1994. Since 1994, the Swedish Association of Waste Management (RVF) has carried out an annual survey on landfilled waste. Thus, household waste is the best-documented waste category, with high quality data available since 1980. This waste category is also the most important category for methane production in landfills. Figures on sludge from households and park and garden waste are available since 1990. 

There are also standard values on fractions of landfilled household waste from 1970 and 1975 available from RVF.

Statistics on biological waste from industry are much scarcer. There is information on industrial waste from the 1980s but biological fractions were not specified. The Swedish EPA carried out studies in 1993 and 1996 on quantities and treatment of biological waste from industry. However, the most important waste fraction, landfilled sludge from the pulp industry, is documented from the 1990s with high quality data from the Swedish EPA.

8.2.1.4 Waste categories

Household waste, sludge and garden waste

Table 8.2 presents the available statistics on these three waste categories. Interpolation is used for the intermediate years. Before 1980, an amount of 290 kg of household waste produced per citizen is assumed,
 of which 76 percent was landfilled before 1973, 66 percent was landfilled in 1973-1977 and 58 percent in 1978-1980.
 Before 1990, park/garden waste and sludge from households are assumed to be directly proportional to the population, with the same proportion as in 1990.

Table 8.2. Landfilled waste (1000 tons).

	Year (reference)
	Household waste

(and similar)
	Sludge from waste

water treatment
	Garden waste 

	1980 (Swedish EPA, 1983)
	1 450
	..
	..

	1985 (SCB, 1988; RVF) 
	1 040
	..
	..

	1986 (RVF, 1988)
	1 020
	..
	..

	1988 (RVF, 1990)
	1 080
	..
	..

	1990 (Statistics Sweden, 1992)
	1 400
	900
	70

	1994 (RVF, 1996)
	1 380
	610
	80

	1995 (RVF, 1997)
	1 200
	540
	60

	1996 (RVF, 1997)
	1 110
	470
	70

	1997 (RVF, 1998)
	1 150
	455
	50

	1998 (RVF, 1999)
	1 020
	490
	45

	1999 (RVF, 2000)
	915
	490
	45

	2000 (RVF, 2001)
	820
	345
	53

	2001 (RVF, 2002)
	880
	330
	44

	2002 (RVF, 2003)
	820
	215
	40


The composition of household waste is investigated closely in certain studies.
 Ohlsson (1998) presents a historic overview of Swedish analyses, the first of which was carried out in 1977. The time series indicates a rather constant value for most of the components, except the paper content, which declines during the 1990s. The chosen values are presented in Table 8.3 below. The same values as 1990 are chosen for the period before 1990, other values are interpolated. It should be pointed out that this type of analysis contains an unknown variation, and the source of error may be quite large. Ohlsson also shows that different studies may differ greatly in methods and results.

In 2001, a new study on household waste composition was published.
 Different fractions of household waste from southern Sweden were analysed and published. From this study, no new conclusions about the fractions of organic waste were drawn. 

Table8.3. Content of Swedish household waste, %.

	
	1990
	1995
	1999

	A, Paper and textiles
	33
	28
	22.8

	B, Garden/park waste, and diapers
	14.4
	14.4
	14.4

	C, Food waste
	40.4
	40.4
	40.4

	D, Wood
	1.3
	1.3
	1.3


Industrial waste

As noted above, data on biological waste from industry is rather scarce. A natural connection between, for example, the number of inhabitants and waste, is questionable in this case. Statistics on landfilled industrial waste are not divided into organic waste categories. Therefore, in most cases, it is better to rely on special studies on organic waste. 

The first specific study on organic industrial waste was published in 1993
; the waste groups discussed are represented in Table 8.4. The most important subgroup is sludge from the pulp industry and the other subgroups are mainly from the food industry. The landfilled gas potentials stated in the report are based on literature studies and rotting experiments; these are used as gas potentials in the methane calculations for 1990.
Table 8.4. Organic Industrial Waste, early 1990s (SEPA, 1993).

	Waste category
	Produced quantity,   1000 tons/yr
	Landfilled fraction, %
	Landfilled quantity,   1000 tons/yr
	Gas potential, Mm3 CH4/yr

	Sludge from pulp industry
	1000
	50
	500
	31.5

	Carcasses
	8
	35
	2.8
	0.63

	Waste from slaughterhouses
	40
	5
	2
	0.45

	Sludge from slaughterhouses
	45
	8
	3.6
	0.28

	Entrails
	30
	5
	1.5
	0.09

	Manure from slaughterhouses
	10
	5
	0.5
	0.03

	Draff
	5.5
	0.5
	0.0275
	0.03

	Waste from sugar beet industry
	100
	0.5
	0.5
	0.02

	Waste from potato industry
	46
	0.5
	0.23
	0.01

	Returned bread
	13
	3
	0.39
	0.11

	Mycelia waste
	2
	1
	0.02
	0.01

	Scrows waste
	5.5
	100
	5.5
	0.8

	Waste from fishing industry
	
	50
	0
	0.5

	Whey
	1 000
	0
	0
	0

	Tinned foods industry
	53
	50
	26.5
	1.55

	    Total:
	
	
	
	

	Sludge from pulp industry
	
	
	500
	31.5

	Other
	
	
	43.6
	4.5


Data on landfilled sludge from the pulp industry is available from an annual survey carried out from 1994 by the Swedish EPA. The reports contain detailed information on waste and waste treatment for each pulp and paper producer. Intermediate values (1991-1993) are interpolated and values before 1990 are assumed to be the same as 1990 (0.50 megatons per year). Concerning 2001, the survey was not carried out and therefore the value of 2000 is extrapolated (see Table 8.5).

Table 8.5. Values of landfilled waste water sludge from the pulp industry.

	Year
	Quantity (Megatons/year)
	Source

	1990
	0.50
	Swedish EPA, 1993

	1994
	0.25
	Swedish EPA, 1995

	1995
	0.31
	Swedish EPA, 1996b

	1997
	0.52
	Swedish EPA, 1998b

	1998
	0.21
	Swedish EPA, 1999

	1999
	0.13
	Swedish EPA, 2000

	2000
	0.075
	Data given from personal contact at Swedish EPA

	2001, 2002
	0.075
	Value extrapolated, no similar survey carried out


Data on other organic industrial waste is presented in a study that was published in 1996,
 which shows that the landfilled quantities of organic waste have declined since the early 1990s (Table 6.6). In accordance with the report, the landfilled waste categories are represented in Table 8.6. The gas potentials were calculated by Sweco Viak.

Table 8.6 Organic Industrial Waste 1996 (Swedish EPA, 1996).

	Waste category
	Landfilled quantity, 

1000 tons/yr
	Gas potential, 

Mm3 CH4/yr

	Waste from slaughterhouses
	22.5
	0.88

	Waste from potato and vegetable industries
	11.5
	0.64

	Total:
	34
	1.52


The final gas potential is used as gas potentials in the methane calculations for 1996 and later. Using the two reports, values are interpolated between 1990 and 1996.

In addition to the gas potentials from these industries, we must add the paper and cardboard waste from industry, which is not included in the referred reports. However, information is extracted from the survey “Waste from the manufacturing and minerals extraction industries in 1998” from Swedish EPA/Statistics Sweden.
 In 1998, about 6 000 tons of paper and wrapping material were landfilled. This quantity is added each year to the industrial material already noted.

8.2.2 Waste water handling, CRF 6B

There are 500 waste water treatment plants in Sweden dimensioned for treating waste water for more than 2000 people. 95% of this waste water is treated mechanically, chemically and biologically. In some larger plants, or plants with sensitive recipients, a special nitrogen treatment is performed. In Sweden, there are approximately one million people not connected to a municipal treatment plant, who are instead mainly connected to smaller plants or have a private plant with varying standards.
 Considerable quantities of heat and bio-energy are recovered from sewage and waste water.

8.3 Methodological issues

For the whole waste category, the methodology and time series consistency are in line with the GPG. 

8.3.1 Solid Waste Disposal on Land, CRF 6A

8.3.1.1 Managed Waste Disposal on Land, CRF 6A1

Before 2000, a national method was used in the Swedish greenhouse gas inventory. The method was similar to the IPCC default method but with national emission factors, and a rough time factor. No re-estimations have been done since 1995 and the same value was reported during the period 1995-1998. In 2000, the time series from 1990 to 1998 were recalculated in order to better comply with the GPG. All relevant national waste statistics were used, and most of the emission factors were based on DOC content, as suggested in the GPG.

The method used for estimating methane emissions from municipal solid waste is the Tier 2 methodology, the IPCC First Order Decay model, with a slightly different time factor and with some estimates on the national gas potentials. The time factor year i, is written as: 
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, where k is the generation rate constant. 

This model corresponds to the assumption that all waste is landfilled on 1 July, which is approximately equivalent to a uniformly distributed deposition.

Comparisons between the suggested IPCC gas potentials and Swedish estimates show that the IPCC values tend to be higher, but considering the large methodological uncertainties, this might be within a reasonable interval.

Historical data has been extrapolated five half-life periods back in time, which means that, for the calculations of 1990, all landfilled gas potentials since 1952 are considered. All available historical information on national landfilled quantities is used in the calculation. The quality of data on household waste is high since 1980, but data on organic industrial waste is scarce. The consequence is that many assumptions on historical landfilled waste quantities have been made, which have greater impact on the calculated emissions of 1990 than of 2001.

Methane potentials

IPCC values for gas potentials are used for the different fractions of household waste, as well as garden waste. As noted above, these values are somewhat higher than Swedish estimates, but lie within a reasonable interval.

IPCC gives no gas potential for landfilled sludge (already treated, for example, by rotting) from waste water treatment. The DOC content in sludge from waste water treatment is approximately 7 percent.
 The gas potential of the sludge is reduced by 50 percent because it is treated.
 This means that there will be a gas potential of 24 kg/tons of sludge.

For waste water sludge from the pulp industry, we use the national value of 45 kg methane /tons of waste.
 

Gas potentials in waste from the food industry are stated above (chapter 8.2.1 Industrial waste).

Recovered gas

The first plant for biogas extraction from landfills was started in 1983. The business has increased and, in 1998, there were 73 plants in operation. Information on recovered gas (in energy units) is provided by RVF (The Swedish Association of Waste Management); see Table 8.7 for quantities used.

Table 8.7. Used values on recovered gas.
	Year
	Recovered gas, tons
	Reference of source

	1982
	0
	No gas recovery

	1983
	NE
	1st plants started

	1990
	12 000
	Swedish EPA/RVF

	1991
	12 210
	"

	1992
	14 430
	"

	1993
	20 800
	"

	1994
	27 500
	RVF, 1996c

	1995
	30 000
	”

	1996
	30 000
	"

	1997
	30 000
	"

	1998
	30 000
	”

	1999
	33 000
	“

	2000
	34 000
	“

	2001
	32 400
	”

	2002
	35 947
	RVF


Other parameters

The Methane Correction Factor for modern Swedish landfills is equal to a unit (see Table 8.8
). Waste management was centralised during the 1970s. Before 1980, landfills were smaller and presumably less compact. Information that helps establish the MCF factor (cover material, mechanical compacting and levelling of waste) is missing. Hence, before 1980 the IPCC default value of 0.6 is used. Methane content in landfill gas (F) is taken to be 50 percent (IPCC default).

National expertise estimates the mean temperature in Swedish landfills at 30(C, which, according to IPCC methodology, implies a DOCF value equal to 0.7. The oxidation factor is estimated to be 10%, and the half-life of the methanogenesis is 7.5 years.
 

Table 8.8 Other parameters in the calculation.

	Parameter
	Value
	Motivation

	MCF    - 1979
	0.6
	IPCC Default

	MCF      1980 -
	1
	Well managed 

	F
	50 %
	IPCC Default

	DOCF
	0.7
	National

	OX
	10 % 
	National

	t½
	7.5 years
	National


Until about 1975, waste burning at landfills was a common waste treatment method, but it was ended about five years later. There is no information on the waste fraction that was burned, but only that burning was practiced at 311 of the 847 landfills in 1975.
 An assumption is therefore made that, before 1976, 37% of all landfilled household waste was burned. 

8.3.1.2 Unmanaged Waste Disposal Sites, CRF 6A2

There are today no unmanaged landfills for municipal solid waste in use. 

Used statistics on landfilled waste 

Table 8.9 show the data used in the calculations. Values with an asterisk (*) are taken from statistical sources; others represent interpolated or extrapolated values.

Table 8.9. Used statistics on landfilled waste and interpolated/extrapolated values.

	Year
	Standard value: Household waste/ citizen (kg)
	Fraction landfilled household waste
	Fraction of burned household waste on landfills
	Landfilled household-waste and similar, 

1000 tons
	Landfilled

park and garden waste, 1000 tons
	Landfilled

sludge from waste water treatment, 1000 tons
	Landfilled

sludge from pulp industry, 1000 tons
	Landfilled

organic

industrial waste, 1000 tons

	1952
	290
	76%
	37%
	992
	58
	748
	500
	56

	1953
	290
	76%
	37%
	998
	59
	753
	500
	56

	1954
	290
	76%
	37%
	1005
	59
	759
	500
	56

	1955
	290
	76%
	37%
	1012
	59
	764
	500
	56

	1956
	290
	76%
	37%
	1018
	60
	768
	500
	56

	1957
	290
	76%
	37%
	1024
	60
	772
	500
	56

	1958
	290
	76%
	37%
	1030
	60
	777
	500
	56

	1959
	290
	76%
	37%
	1035
	61
	781
	500
	56

	1960
	290
	76%
	37%
	1041
	61
	786
	500
	56

	1961
	290
	76%
	37%
	1049
	62
	791
	500
	56

	1962
	290
	76%
	37%
	1056
	62
	797
	500
	56

	1963
	290
	76%
	37%
	1064
	62
	803
	500
	56

	1964
	290
	76%
	37%
	1072
	63
	809
	500
	56

	1965
	290
	76%
	37%
	1079
	63
	814
	500
	56

	1966
	290
	76%
	37%
	1088
	64
	821
	500
	56

	1967
	290
	76%
	37%
	1096
	64
	827
	500
	56

	1968
	290
	76%
	37%
	1105
	65
	834
	500
	56

	1969
	290
	76%
	37%
	1114
	65
	840
	500
	56

	1970
	290
	*76%
	37%
	1122
	66
	847
	500
	56

	1971
	290
	76%
	37%
	1126
	66
	849
	500
	56

	1972
	290
	76%
	37%
	1129
	66
	852
	500
	56

	1973
	290
	66%
	37%
	984
	66
	855
	500
	56

	1974
	290
	66%
	37%
	987
	67
	857
	500
	56

	1975
	290
	*66%
	*37%
	990
	67
	860
	500
	56

	1976
	290
	66%
	30%
	1109
	67
	862
	500
	56

	1977
	290
	66%
	22%
	1229
	67
	865
	500
	56

	1978
	290
	58%
	15%
	1186
	67
	867
	500
	56

	1979
	290
	58%
	7%
	1292
	68
	869
	500
	56

	1980
	
	
	0%
	*1450
	68
	871
	500
	56

	1981
	
	
	
	1400
	68
	872
	500
	56

	1982
	
	
	
	1300
	68
	873
	500
	56

	1983
	
	
	
	1200
	68
	874
	500
	56

	1984
	
	
	
	1100
	68
	875
	500
	56

	1985
	
	
	
	*1040
	68
	876
	500
	56

	1986
	
	
	
	*1020
	68
	881
	500
	56

	1987
	
	
	
	1050
	69
	885
	500
	56

	1988
	
	
	
	*1080
	69
	890
	500
	56

	1989
	
	
	
	1240
	70
	895
	500
	56

	1990
	
	
	
	*1400
	*70
	*900
	*500
	*56

	1991
	
	
	
	1390
	72
	800
	462
	53

	1992
	
	
	
	1390
	75
	750
	424
	51

	1993
	
	
	
	1390
	77
	700
	386
	48

	1994
	
	
	
	*1380
	*80
	*610
	*250
	46

	1995
	
	
	
	*1200
	*60
	*540
	*310
	43

	1996
	
	
	
	*1110
	*70
	*470
	*410
	*39

	1997
	
	
	
	*1150
	*50
	*455
	*520
	39

	1998
	
	
	
	*1020
	*45
	*490
	*210
	39

	1999
	
	
	
	*915
	*45
	*490
	*130
	39

	2000
	
	
	
	*820
	*53
	*345
	*75
	39

	2001
	
	
	
	*880
	*44
	*330
	75
	39

	2002
	 
	 
	 
	*820
	*40
	*215
	*75
	39


8.3.2 Waste water handling, CRF 6B

National activity data on nitrogen in discharged waste water is used, in combination with a model estimating nitrogen in human sewage from people not connected to municipal waste water treatment plants. The formula is:
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where NWastewaterTreatmentPlants and Nindustry are the nitrogen in discharged waste water from municipal waste water treatment plants and other industries respectively, where the former factor is magnified by 10%, in order to compensate for waste water from small treatment plants, not included in the statistics. PROTEIN is the annual per capita consumption per person/year (National value: 32.85
), Nrpeople is the number of people not connected to municipal waste water treatment plants, and 0.16 is the fraction of nitrogen in proteins. The IPCC default emission factor is used (1% N2O-N/N). 

Table 8.10. Discharges of nitrogen from municipal waste water treatment plants, pulp and paper industry and some coastal industries, tons of nitrogen.
	Year
	Municipal waste wat. treatment plants (*)
	Pulp and paper industry
	Oils refineries
	Chemical industry
	Iron and steel industry
	Food manu-facturing industry
	Engineering  industry

	1990
	26 200
	5 500
	..
	..
	..
	..
	..

	1992
	25 310
	3 630
	..
	..
	..
	..
	..

	1994
	..
	3 200
	..
	..
	..
	..
	..

	1995
	25 940
	3 844
	80
	385
	70
	0
	..

	1997
	..
	3 433
	..
	..
	..
	..
	..

	1998
	21 376
	3 307
	78
	423
	230
	1
	0

	1999
	..
	3 042
	..
	..
	..
	..
	..

	2000
	18 977
	3 241
	38
	361
	114
	109
	..

	2001
	..
	..
	..
	..
	..
	..
	..

	2002
	..
	3 169
	..
	..
	..
	..
	..


(*) From treatment of domestic, commercial and industrial waste water

From MI 22 SM, NV 4657, NV 4434, NV 4657, NV 4924, NV 4987 and NV 5114.
According to Swedish environmental protection law, all municipal waste water treatment plants designed for more than 2 000 person equivalents, including industry, need to report their discharges in legal environmental reports delivered to their supervision agency. Statistics are published every other year by the Swedish EPA.
 The statistics exclude municipal waste water treatment plants designed for less than 2 000 person equivalents. These were surveyed in 1999, and were found to represent about 6 percent of the total discharged nitrogen, which is compensated for with a “1.1 factor” in the above formula. The statistics also exclude almost 1 million people in rural areas, who are not connected to municipal waste water treatment. However, the nitrogen from these people is accounted for in the formula as well, through the model estimate of nitrogen production. The available activity data on nitrogen in discharged waste water is stated in Table 8.10. Data for other years is interpolated/extrapolated.

8.4 Uncertainties and time series consistency

The uncertainty analysis tables (Tier 1) are presented in chapter 1.7 above together with a general description of the uncertainty analysis.

The estimated emissions in the waste sector are uncertain, because of the simplifications in the used top-down model and the difficulties in estimating many of the parameters. The time dependency in methane production makes the model estimate further dependent on assumptions of waste management from earlier times. The uncertainty is highest in 1990 and is then decreasing mainly due to better and more frequent activity data on household waste during the 1990s. 

IPCC Guidelines suggest that the error in estimated methane generation potential may be about 15% given high quality data and 50% given poor data, per tonne of waste. The uncertainty in statistics on landfilled waste may be 10%, if the waste is weighted, or more than a factor of two if the data quality is poor. The errors in estimated methane recovery will probably be small, according to the GPG. Given these standard uncertainty ranges and applying the simple error propagation formula, a total error of estimated methane emissions of about 20% would be achievable, in the best case, given high quality data. Then there is some extra uncertainty in the methane generation rate constant  [-40%, 300%], and in the oxidation factor, if oxidation is assumed. A preliminary guess of an error estimate for the Swedish methane estimate from landfills would be about 45% for 2002, and even more for the early 1990s. Swedish waste statistics on household waste, in particular, is now of high quality, but the estimates are still dependent on lower quality data and extrapolations from earlier years. Furthermore, statistics on different waste fractions in household waste, as well as deposed quantities of industrial waste, are still of lower quality. The quality of parameters based on IPCC default values may also be low, because they rely on older research, and data from Swedish on-site measurements is not yet extensive enough for verification. 

The statistics of discharges from municipal waste water treatment plants is biased from sources of inaccuracy such as undercoverage, non-response or no observations and sample errors “within” the treatment plants. No objective methods of calculating accuracy measures have been developed, but data on nitrogen is considered to have a margin of inaccuracy of well under 10% at national level. The inaccuracy in the emission factor is estimated to be at least 50%, according to GPG. This results in an overall inaccuracy exceeding 50% annually, and more for years where activity data have been extrapolated.  

The time series in the waste sector are calculated consistently, and when statistics are not produced annually, interpolation and extrapolation have been necessary tools for imputation.

8.5 QA/QC and verification

8.5.1 Verification of data and reducing compiling errors

Statistics Sweden and IVL Swedish Environmental Research Institute has on behalf of the Swedish EPA scrutinized the activity data (quantities of landfilled; household waste, park and garden waste, sludge from waste water treatment) used for calculations. The accuracy in these activity data is judged to be good. 

Worth mentioning is that IPCC’s default values for gas potentials in household waste and park and garden waste has been used for the calculations. No well-founded reports has been available that suggests the use of national values.

The calculations are carried out in the SAS system to ensure consistent estimates between years. Errors may occur during manual transfer from the resulting data sets to the CRF tables, but double-checking has probably overcome that problem.  

8.6 Recalculations

No recalculations were made in this submission.

8.7 Coming improvements

There are no immediate improvements planned in the waste sector. 

9 Other sectors

Not applicable in Sweden.

10 Recalculations and improvements

Since the last submission, recalculations has been carried out for all sectors except for Waste. The recalculations are responses on suggestions from the Expert Review Team that carried out an in-country review in Sweden in November 2001 and due to comments in the Centralized review and Synthesis and assessment report in 2003 part I and II. Some recalculations are also made due to new emission factors, thermal values and activity data and due to discovered errors during the work with the inventory in 2002 and 2003.

Explanations and justifications for recalculations together with descriptions on the implications for the emission levels are descirbed in detail in chapter 3.6, 4.1.3, 4.2.3, 4.3.3, 4.8.5, 5.5.5, 6.6 and 7.7.

10.1 Implications for emission trends

All recalculations performed has resulted in better time series consistency and comparability.

CO2

The emissions of CO2 have been recalculated for all years and have increased in 1992-1993 and 2001, and decreased the remaining years. The greatest increase was for 2001 (+ 11%) due to that emission from cultivation of organic soils (CRF 5D) was not included for 2001 in the last submission. 

The largest decrease of CO2 emission was in 1998 (-6%), caused by lower energy emission in the Iron and steel production (CRF 1A2a) since emissions from this sector has been re-allocated. Other sectors were the CO2 emissions decreased were for refineries (CRF 1A1b) were new activity data has been used and the so-called transmission losses have been excluded. The third sector were there was large differences from the last submission was for Iron and steel production (CRF 2C1) due to that emission from coke production was earlier reported in CRF 2C1, but are in Submission 2004 included in Manufacture of solid fuels (CRF 1A1c).

The recalculation of CO2 emissions from gas/diesel oil and residual fuel oil (described in chapter 3.6) has reulted in somewhat lowered emissions all years. The impact was largest in 2001 with a decrease of 1%.

N2O

Emissions of N2O have increased for 1990 and 1992-1997 and decreased remaining years. The greatest increase was in 1995 (+1.5%) due to higher emissions from liquid fuels used for transport within Agriculture/ Forestry/Fisheries (CRF 1A4c) liquid because of former inconsistency in time series methodology. Also emissions from Other use of N2O in Solvent and Other Product use (CRF 3) increased due to new activity data.

Earlier so-called transformation losses in coke ovens were included in Solid fuels within Manufacture of Solid fuels (CRF 1A1c), but since these losses are only energy losses, and does not cause any emissions (further discussed in chapter 3.3.6), these are not included in submission 2004. Hence the reported emissions in this sector have decreased for all years and especially in 2001 (-2.5%). The lowered emissions in 2001 is also due to earlier errors in units for several fuels use by refineries (CRF 1A1b) and due to former double counting of liquid petroleum gas for one refinery. 

CH4

Methane emissions have increased for all years and mostly for 2000 (+0.6%). The increase is mainly due to higher emissions from the production of iron (CRF 2C1), which were earlier calculated as energy emissions (CRF 1A2A) and not as process emissions. Another reason for the increase in 2000 was up-dated activity data on biomass use within Other sectors (CRF 1A4b).

HFC, PFC, SF6

No recalculations have been made for emissions of HFC, PFC, SF6.
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Annex 1
Methodology for analysis of Key Source Categories

The complete analysis of Sweden’s Key Source Categories is presented in Appendix 15. 

The analysis has been done for all years 1990-2002 using the tier 1 level and trend assessment according to IPCC Good Practice Guidance. (Tier 2 is not yet possible to use as uncertainty estimates still are insufficient.) The tier 1 method assesses the impacts of various source categories on the level and the trend of the national emission inventory. The same level of disaggregation as presented in the CRF tables, are chosen to be used. The analysis is performed for all direct greenhouse gases, i.e. CO2, CH4, N2O, HFCs, PFCs and SF6, with all emissions converted to CO2 equivalents. This is done by multiplying emissions for each greenhouse gas with GWP (GWP are presented in Appendix 16).

Level assessment

For each source and each GHG each year, the estimates of emissions (E) in the national inventory in CO2 equivalents are listed. At the bottom of the table total emissions of GHG are summed (T).

For each source and each GHG, the level assessment (LA) is calculated as
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The table is then sorted according to level assessments for all sources so that the source/GHG with the biggest contribution (level assessment) will end up in the top of the table and the source/GHG with the smallest contribution (level assessment) will end up at the bottom of the table. Finally the cumulative total of the level assessment is calculated.

Key source categories are those that, when summed together in descending order of magnitude, add up to over 95% of the total emission estimates in the inventory for each year.

Trend assessment

For each year (year t), source and GHG, the source category trend is calculated as 
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The total trend is calculated as 
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Then the source category trend assessment (TA) for each source/GHG is calculated as
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At the end of the table, the sum of trend assessments (
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) for all sources/GHGs is computed.

Then the percentage contribution to the overall trend (C%) is calculated for each source/GHG as
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The table is sorted according to percentage contribution so that the source/GHG with the biggest contribution to the overall trend will be in the top of the table and the source/GHG with the smallest contribution to the overall trend will be at the bottom of the table.

Finally the cumulative total of percentage contribution is calculated in the same way as for the level assessment. Key source categories are those that, when summed together in descending order of magnitude, add up to more than 95% of the contribution to trend.

Annex 2

Methodology for uncertainty analysis

The uncertainty analysis is presented in chapter 1.7.

The uncertainty analysis has been performed for 2002 using the IPCC tier 1 method as described in IPCC Good Practice Guidance chapter 6.3.2. Uncertainties are estimated only for direct greenhouse gases, eg CO2, CH4, N2O and F-gases. Sources were aggregated where necessary as discussed in chapter 1.7. For each source the reported emissions for 2002 (E) was given in CO2-equivalents. This is done by multiplying emissions with GWP values for each greenhouse gas (GWPs are presented in appendix 16). Emissions from all sources and all greenhouse gases are summarized into total national emissions (T). Note that in the tables in chapter 1.7 national totals are also given for each greenhouse gas.

For each source, the uncertainty for activity data (AD) and emission factors (EF) was estimated and given in percents. The combined uncertainty (CU) for activity data and emission factors – the uncertainty for the reported emissions from each source – was calculated as
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Combined uncertainty as % of total national emissions (CU%) is calculated for each source as
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Finally, the percentage uncertainty in total national emissions (U%) for each greenhouse gas and for all greenhouse gases together as
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Note that the percentage uncertainty in total national emissions is lower than the sum of the percentage uncertainty in total national emissions for each greenhouse gas! 

Annex 3

Units and Abbreviations

t
1 (metric) tonne = 1 megagram (Mg) = 106 g

Mg
1 megagram = 106 g = 1 tonne

Gg
1 gigagram = 109 g = 1 kilotonne (kt)

Tg
1 teragram = 1012 g = 1 megatonne (Mt)

TJ
1 terajoule

AWMS
Animal Waste Management System

CH4
methane

C-EMIR 
emissions database of the county administrative boards

CFCs 
freons

CO
carbon monoxide

CO2
carbon dioxide

COP
conference of the parties

CRF
Common Reporting Format 

CV
calorific value

EC
European Community

EC
Environmental Class

EEA
European Environment Agency

EF
emission factors

EU
European Union

EMV-model
model for emissions from road traffic

F-gases
fluorinated gases (HFCs, PFCs, SF6)

FMV
Swedish Defence Material Administration

FOD model
IPCC First Order Decay model

FOI
Swedish Defence Research Agency

FORTV
the Swedish Fortification Department 

FRA
National Defence Radio Institute

FTP
Federal Test Procedure

GHG
greenhouse gases

GPG
IPCC Good Practice Guidance 

GWP
global warming potential

HFCs
hydrofluorcarbons, compounds of hydrogen, fluorine and carbon 

IE
included elsewhere’

IEF
implied emission factors

Industrial statistics
Industrial energy statistics 

IPCC
Intergovernmental Panel on Climate Change 

IVL
Swedish Environmental Research Institute AB 

Jernkontoret 
the Swedish Steel Producers’ Association 

LBR
register of farm holdings in agriculture and forestry

LD-gas
steel converter gas

LTO
landing and take-off 

LUCF
land-use change and forestry

LULUCF
land-use, land-use change and forestry

MSW
multiple solid waste 

N2O
nitrous oxide

NA
not applicable

NASN
National Administration of Shipping and Navigation

NBF 
National Board of Forestry 
NE
not estimated

NFI
National Forest Inventory

NIR
National Inventory Report

NMVOC
non methanic volatile organic compounds

NO
not occuring

NOX
nitrogen oxides

NSFSV 
           National Survey of Forest Soils and Vegetation

MTC 
Motor Test Center

O3
Ozone

PFCs
perfluorocarbons

QA/QC
quality assurance and quality control 

Quarterly statistics
Quarterly fuel statistics 

RME
Rapeseed Methyl Ester fuel

RVF
The Swedish Association of Waste Management

SCB
Statistics Sweden

SCAA
Swedish Civil Aviation Administration

SEPA
The Swedish Environmental Protection Agency

SF6
sulphur hexafluoride

SLU
the Swedish University of Agricultural Sciences

SMED
Swedish Environmental Emissions Data 

SMHI
Swedish Meteorological and Hydrological Institute 

SNRA
Swedish National Road Administration

SO2
sulphur dioxide

SPI
Swedish Petrolium Institue 

UNFCCC
United Nations Convention on Climate Change

VETO 
mechanistic model for simulations on road traffic
VTI
the Swedish Road- and Transport Research Institute

WBCSD
World Business Council for Sustainable Development

WRI
World Resource Institute

Annex 4

Normal-year correction of fossil CO2 emissions

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. Information on fossil CO2-emissions adjusted for climatic conditions in Sweden was included in the Third National Communication on Climate Change due in November 2001. 

The Swedish climate varies a great deal from year to year. Temperature, radiation and wind influence the amount of energy needed to heat buildings in order to maintain normal indoor temperatures. Precipitation affects the quantity of water flowing in watercourses and hence the potential for generating electric energy using hydropower. 

Sweden has developed a normal-year correction method for adjusting fossil CO2-emissions for climatic conditions in Sweden to be able to compare the actual emissions with a climatic “normal” year. Normal-year correction includes emissions from heating of buildings and from electricity generation. The two models are described in more detail in Appendix 3 in Sweden’s Third National Communication on Climate Change. Actual and normal-year corrected fossil CO2-emissions for heating of buildings are shown for the years 1990 to 2002 in Figure A.1. In table A.1 the normal-year corrected CO2-emissions (1000 ton CO2/year) in total and separated for hydropower and heating are shown.
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Figure A.1. Actual and normal-year corrected fossil CO2-emissions for heating of buildings for the years 1990- 2002.
Table A.1. Normal-year corrected fossil CO2-emissions (1000 ton CO2/year), total and separated for hydropower and heating.

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

	Hydropower
	159
	-40
	349
	410
	-239
	140
	-911
	182
	389
	274
	496
	508
	86

	Heating
	3008
	1040
	1631
	291
	655
	393
	-936
	1134
	391
	1647
	2934
	981
	1842

	Normal-year correction
	3167
	1000
	1980
	701
	416
	533
	-1847
	1316
	780
	1921
	3430
	1489
	1928
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Diagr1
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Verklig CO2emiss

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

		Stockholm		(ton CO2)		2998886.68458228		2935302.0730466		3110015.66009589		3003023.66191037		3081230.10528099		2756057.57772792		3307568.58825562		2761987.07939118		3197533.22718045		2543173.7570525		2775540.15070081		2,430,871		2,357,985

		Uppsala		(ton CO2)		706713.470633148		730999.391365624		589363.414616755		619786.083194642		640139.808104402		552724.636739268		753084.911818571		594175.305848345		507765.358215246		520556.408966938		288858.253248396		464,664		564,752

		Södermanland		(ton CO2)		596829.379330944		534869.740787726		386549.325581495		306120.07551281		296818.263847503		303161.017151841		285563.248664267		308711.180536625		313561.335294648		315683.557357581		214264.282684752		190,159		228,894

		Östergötland		(ton CO2)		1145589.67808899		1092631.55029805		928218.848203337		893647.540062174		753735.827297911		678705.328777646		772542.552110318		496278.364856275		629399.3330184		598936.627556352		456754.255326504		493,519		531,061

		Jönköping		(ton CO2)		688132.513927392		574631.832175101		418521.945566849		366205.052664616		422874.311962233		410486.729999165		445183.596760172		508330.656680173		336945.940536468		292623.119762585		270533.72915712		313,821		320,710

		Kronoberg		(ton CO2)		343105.753919796		286983.77950319		233526.943805798		210908.595932597		227316.558137966		247898.89027063		302063.371347944		232285.055125313		172455.257143887		158261.78052579		122471.02765476		129,960		157,335

		Kalmar		(ton CO2)		642873.797583972		552768.658692427		391316.097027115		332893.974937454		348225.173769921		282823.904409395		376353.305712578		355257.909082649		321542.802414516		311562.966901738		216948.702304152		228,322		279,452

		Gotlands		(ton CO2)		155524.597404684		145384.013698373		79920.4827541911		89434.1138400952		117339.167817921		156138.28156329		89740.083200236		89356.4712387611		70761.55665954		69649.2347073797		86053.71771		78,646		81,513

		Blekinge		(ton CO2)		454615.752166896		350979.435987146		319650.799105816		285843.677488211		271086.24779747		295685.07803189		345082.254492007		322807.328462324		288342.4027903		312210.324710962		276454.488710376		209,235		193,723

		Skåne		(ton CO2)		2341109.17258475		2237861.65034566		1744126.79168137		1725736.24887825		1743162.38011173		1841483.7920462		2220855.53995625		1950626.78380885		1746288.79904221		1555945.57734825		1355594.54622786		1,570,179		1,543,276

		Halland		(ton CO2)		549820.84018368		447195.90474761		277304.58654416		246924.486099963		277143.338394247		298127.319702781		311816.223895681		332085.355793392		332610.900630876		305837.796063195		389588.873196168		281,887		275,415

		Västra Götaland		(ton CO2)		3126099.77091926		2829321.10411562		2317984.52407764		2264766.14051099		2118764.8847344		1983395.55748076		2617201.89446094		2233719.11244106		2099695.93318048		2466619.6807752		1800226.13114909		1,885,190		1,803,690

		Värmland		(ton CO2)		777149.187343044		744704.358649709		548819.081342016		507249.326328863		507051.282113986		482064.686116365		588685.659417172		484900.896194848		433893.587776584		439469.074414441		385880.907182724		415,232		429,428

		Örebro		(ton CO2)		724143.974445984		701488.881006517		589598.043306725		571892.033899816		673049.403472511		627911.6221796		687352.741869566		535780.773284947		1018684.00613006		543535.832039094		366649.804096344		502,868		605,600

		Västmanland		(ton CO2)		956984.003557344		1073681.70704589		880132.187070032		748485.147593802		842539.39547181		796510.646981475		967311.300882457		754675.985314419		740680.586460132		630492.433539232		509604.368030244		364,731		494,137

		Dalarna		(ton CO2)		743614.763344728		605439.74832255		328436.564959926		474933.468876334		385114.964452008		417663.321081479		496935.130721765		396601.223811282		351556.497390012		354648.370297085		314005.513499604		288,805		370,479

		Gävleborg		(ton CO2)		964631.821442064		747889.822303628		613140.762773277		607950.009302233		659105.040254515		473330.409234455		611882.990680818		508324.173113236		471035.3038524		446162.615256003		326181.600327708		297,333		321,126

		Västernorrland		(ton CO2)		687862.80128238		603612.773966668		393657.756051458		402673.407999504		493385.653419979		410183.161794787		512976.620445191		464635.903916671		408450.878538886		378300.150416597		334988.831897424		301,236		294,128

		Jämtland		(ton CO2)		413641.9687896		319744.709475038		184955.072489796		152259.745344221		171352.131225175		152123.971343777		173565.094449211		148393.641910113		136160.09428395		130285.397300371		103475.356975368		104,378		122,165

		Västerbotten		(ton CO2)		621753.623823804		531136.727013001		325664.30640166		278352.902746091		322809.979034121		243967.886557001		266817.662818958		227691.446865137		316467.093304726		329744.437862692		289340.972601336		302,424		295,592

		Norrbotten		(ton CO2)		856878.188939532		787214.959442508		502933.034347041		474333.934237538		484231.268469503		431080.053579142		462705.293528896		362048.368969355		550470.833939232		456384.478470092		357905.323061388		527,633		601,203

		Hela riket		(ton CO2)		20495961.7442943		18833842.8219886		15163836.2278024		14563419.6273606		14836475.1851703		13841523.8727689		16595288.0654886		14068673.016645		14444301.727783		13160083.6213241		11241320.8357421		11,381,091		11,871,666

		Verklig fossil CO2-emission (oberoende av viktning mot yta eller befolkning)

		Rättad fossil





Normalår CO2emiss

						Län		1990/87				1999/20				1999/192

		Stockholm		(ton CO2)		1		3411048.80310198				2942332.33064368				2931074.88806434

		Uppsala		(ton CO2)		3		813949.199633859				593437.482602198				590005.577284381

		Södermanland		(ton CO2)		4		692923.663499311				378154.299073912				391620.954583248

		Östergötland		(ton CO2)		5		1336871.4469086				695321.160253327				703354.683622637

		Jönköping		(ton CO2)		6		794752.514875383				334150.528441743				331502.777015861

		Kronoberg		(ton CO2)		7		398377.423990384				184932.09864918				179648.431868696

		Kalmar		(ton CO2)		8		751098.749102694				358024.126084507				363111.087074009

		Gotlands		(ton CO2)		9		177754.034274413				77245.765898013				79603.4492069854

		Blekinge		(ton CO2)		10		519350.286090409				338712.928521597				345098.36692419

		Skåne		(ton CO2)		12		2716891.90432054				1753512.31512906				1829891.5334864

		Halland		(ton CO2)		13		632511.3448863				338510.396037609				356708.136190712

		Västra Götaland		(ton CO2)		14		3599193.61304944				2697184.16768434				2749167.6735377

		Värmland		(ton CO2)		17		889004.571527008				483384.188832125				473903.165476456

		Örebro		(ton CO2)		18		825400.595748226				605133.197124679				607102.228143698

		Västmanland		(ton CO2)		19		1084214.70046174				701944.06711499				698844.227740074

		Dalarna		(ton CO2)		20		859626.578519304				406678.729945557				397672.89954406

		Gävleborg		(ton CO2)		21		1093432.17072303				500081.762632316				487674.371920204

		Västernorrland		(ton CO2)		22		780749.000562865				408640.905208305				409196.048602932

		Jämtland		(ton CO2)		23		466497.002914556				150079.86894054				145658.495495349

		Västerbotten		(ton CO2)		24		706153.855687551				368726.994798801				369418.779933124

		Norrbotten		(ton CO2)		25		954034.646582811				490771.005264627				495421.936505233

		Hela riket		(ton CO2)				23503836.1064604				14806958.3188811				14935679.7122203

		Normalårsemission, fossil CO2, med olja som marginalbränsle och viktat mot befolkning

		(ton CO2 per år)





Jf verklig-normalår

		Hela riket		(milj.ton fossil CO2)		Ytviktat		Ytviktat		Befolkn.vi		Befolkn.vi				Befolkningsviktat						Ytviktat		Ytviktat		Befolkn.vi		Befolkn.vi

		År		Actual		Norm_mix		Norm_olja		Norm_mix		Normal year		Stationsnät		Korr-mix		Korr_olja				Mesan_mix		Mesan_olja		Norm_mix		Norm_olja		Mesan192		0.000001

		1990		20.4959617443		23.1413781539		23.4928647332		23.152103689		23.5038361065		synop87		2.6561419447		3.0078743622

		1991		18.833842822		19.6508275356		19.8717552041		19.6515105371		19.8743096804		s87		0.8176677151		1.0404668584

		1992		15.1638362278		16.4137126514		16.7740644911		16.428004367		16.794894203		s87		1.2641681392		1.6310579752

		1993		14.5634196274		14.7601547616		14.8322189933		14.7721668806		14.8545257261		s87		0.2087472532		0.2911060987

		1994		14.8364751852		15.2531046404		15.4474687982		15.2817869707		15.4915848582		s87		0.4453117856		0.655109673

		1995		13.8415238728		14.0780914072		14.2225745649		14.0882525369		14.2347055143		s87		0.2467286641		0.3931816415

		1996		16.5952880655		16.0219487204		15.695673294		15.9996616972		15.6590128764		synop20		-0.5956263683		-0.936275189

		1997		14.0686730166		14.8080943733		15.2311213418		14.7876837601		15.2030671645		s20		0.7190107434		1.1343941479

		1998		14.4443017278		14.7089277291		14.8475270535		14.7017096756		14.8355901326		s20		0.2574079478		0.3912884048				14.826149129		15.0289923097		14.7981053813		14.9785674006

		1999		13.1600836213		14.1742762986		14.8085218056		14.1727733558		14.8069583189		s20		1.0126897345		1.6468746976				14.2734024304		14.957101501		14.2624728235		14.9356797122

		2000		11.2413208357		12.8759129423		14.1654055021		12.8807444235		14.1750939217		mesan192		1.6394235878		2.933773086

		2001		11.381091		11.9275858		12.3907153557		11.9139324544		12.362467477		mesan192		0.5328414341		0.9813764567

		2002		11.871666		12.9696364		13.77607		12.9325531844		13.7141524356		mesan192		1.0608874976		1.8424867487

		Befolkningsviktat med olja som marginalbränsle														TOTAL-Removal		TOTAL

		År		U-Verklig		U-Normalår				År		Verklig		Norm_olja		Tot-Sänk		Total

		1990		20.4959617443		23.5038361065				1990		20.5		23.5		34.781		55.073

		1991		18.833842822		19.8743096804				1991		18.83		19.87		27.153		56.481

		1992		15.1638362278		16.794894203				1992		15.16		16.79		31.506		54.859

		1993		14.5634196274		14.8545257261				1993		14.56		14.85		25.546		54.879

		1994		14.8364751852		15.4915848582				1994		14.84		15.49		32.973		59.233

		1995		13.8415238728		14.2347055143				1995		13.84		14.23		37.228		58.521

		1996		16.5952880655		15.6590128764				1996		16.6		15.66		40.732		63.001

		1997		14.0686730166		15.2030671645				1997		14.07		15.2		29.8		57.088

		1998		14.4443017278		14.8355901326				1998		14.44		14.84		33.811		58.142

		1999		13.1600836213		14.8069583189				1999		13.16		14.81		32.153		56.458

		2000		11.2652361312		14.1990092172				2000		11.27		14.2		27.30551		54.30039

		2001		11.381091		12.362467477				2001		11.38		12.36

		2002		11.871666		13.7141524356				2002		11.87		13.71

		U-verklig=Uppvärmning-verklig_fossil





Jf verklig-normalår

		



Verklig em.

Norm_mix

Norm_olja

År

Fossil CO2-emission (milj. ton)



		



Actual

Normal year

Year

Fossil CO2- emission (milj. ton)



		



U-Verklig

U-Normalår

Tot-Sänk

Total

År

Milj. ton/år

Årlig fossil CO2-emission - Sverige



		



Actual

Normal year

Year

Fossil CO2- emission (milj. ton)




_1128427006.unknown

_1128426384.unknown

_1128425881.unknown

_1128426271.unknown

_1128424697.unknown

_1128424938.unknown

_1128424715.unknown

_1128424682.unknown

_1127635119.bin

_1128423923.unknown

_1128424533.unknown

_1127655511.xls
Diagr2

		1990		1990

		1991		1991

		1992		1992

		1993		1993

		1994		1994

		1995		1995

		1996		1996

		1997		1997

		1998		1998

		1999		1999

		2000		2000

		2001		2001

		2002		2002

		2003		2003



Default method

FOD method

167.19924

121.6124179702

158.768724

123.7364515461

151.487724

124.120303388

140.085324

119.7732598772

123.084408

114.5495710815

104.78292

114.2422869712

96.429276

112.7949930013

98.51934

111.2086866751

74.186112

108.7528866572

60.300174

102.2587967006

47.509692

96.8791965616

53

94

42

86



Diagram

																						En ruta =
1,5 cm * 1,0 cm

																				1.		Välj det/de diagram

																						du vill ha

																				2.		Justera storleken

																						Klicka på diagrammet
och dra i handtagen

																						Ritytan bör vara lika många 
rutor bred som hög

																				3.		Ändra skalan på

																						värde-axeln

																						Klicka på axeln med
höger knapp, ändra skalan

																				4.		Ändra ev. ordningen
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RESULTAT

		Ar		IPCCdefa		FODmetod

		1990		167.19924		121.6124179702

		1991		158.768724		123.7364515461

		1992		151.487724		124.120303388

		1993		140.085324		119.7732598772

		1994		123.084408		114.5495710815

		1995		104.78292		114.2422869712

		1996		96.429276		112.7949930013

		1997		98.51934		111.2086866751

		1998		74.186112		108.7528866572

		1999		60.300174		102.2587967006

		2000		47.509692		96.8791965616

		2001		53		94

		2002		42		86

		2003

				Default method		FOD method

		1990		167.19924		121.6124179702		0

		1991		158.768724		123.7364515461		0

		1992		151.487724		124.120303388		0

		1993		140.085324		119.7732598772		0

		1994		123.084408		114.5495710815		0

		1995		104.78292		114.2422869712		0

		1996		96.429276		112.7949930013		0

		1997		98.51934		111.2086866751		0

		1998		74.186112		108.7528866572		0

		1999		60.300174		102.2587967006		0

		2000		47.509692		96.8791965616		0

		2001		53		94		0

		2002		42		86		0

		2003		0		0		0





		Ar		IPCCdefa		FODmetod		Befolk		AterGas

		1990		167.19924		121.6124179702		8591		12

		1991		158.768724		123.7364515461		8641		13.5

		1992		151.487724		124.120303388		8692		16

		1993		140.085324		119.7732598772		8745		23

		1994		123.084408		114.5495710815		8816		30

		1995		104.78292		114.2422869712		8837		30

		1996		96.429276		112.7949930013		8844		30

		1997		98.51934		111.2086866751		8848		30

		1998		74.186112		108.7528866572		8855		30

		1999		60.300174		102.2587967006		8861		33

		2000		47.509692		96.8791965616		8883		34

		2001		53		94		8909

		2002		42		86

		2003
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		2000		2000		2000		2000		2000		2000		2000
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Diagram

				Innanför blå ram har du normal yta, innanför svart ram maximal yta på en SM-sida																		En ruta =
1,5 cm * 1,0 cm

																				1.		Välj det/de diagram

																						du vill ha

																				2.		Justera storleken

																						på diagrammet:
Håll ner Shift,

																						Klicka på diagrammet
och dra i handtagen

																						Ritytan bör vara lika många 
rutor bred som hög

																				3.		Ändra skalan på

																						värde-axeln

																						Klicka på axeln med
höger knapp, ändra skalan

																				4.		Ändra ev. ordningen

																						bland staplarna
Börja om och sortera data
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		1999		1999		1999		1999		1999		1999		1999
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HUSDJUR

		Ar		Swine		Other Cattle		Dairy Cows		Sheep and goats		Horses		Reindeer		Poultry (1000 000 heads)

		1990		2263.6		1142		576		410.3		300		271		152

		1991		2202.3		1178		528		423.8		300		271		157

		1992		2279.3		1249		526		452.3		300		271		159

		1993		2276.9		1284		525		476.3		300		280		153

		1994		2328.2		1318		509		489.3		300		284		163

		1995		2312.6		1295		482		466.3		300		253		164

		1996		2347.9		1324		466		474.3		300		241		166

		1997		2351.8		1313		468		447.3		300		239		140

		1998		2285.8		1290		449		426.3		300		227		170

		1999		2114.2		1264		449		443.3		300		227		172

		2000		1918.2		1256		428		437.3		300		221		169

		2001		1890.9		1233		418		457.3		300		221		178.5

		2002		1881.4		1221		417		431.3		300		220		168

		2003

				Swine		Other Cattle		Dairy Cows		Sheep and goats		Horses		Reindeer		Poultry (100 000 heads)

		1990		2263.6		1142		576		410.3		300		271		152		0

		1991		2202.3		1178		528		423.8		300		271		157		0

		1992		2279.3		1249		526		452.3		300		271		159		0

		1993		2276.9		1284		525		476.3		300		280		153		0

		1994		2328.2		1318		509		489.3		300		284		163		0

		1995		2312.6		1295		482		466.3		300		253		164		0

		1996		2347.9		1324		466		474.3		300		241		166		0

		1997		2351.8		1313		468		447.3		300		239		140		0

		1998		2285.8		1290		449		426.3		300		227		170		0

		1999		2114.2		1264		449		443.3		300		227		172		0

		2000		1918.2		1256		428		437.3		300		221		169		0

		2001		1890.9		1233		418		457.3		300		221		178.5		0

		2002		1881.4		1221		417		431.3		300		220		168		0

		2003		0		0		0		0		0		0		0		0





		Ar		Mko		Mamko		Mstut		MKalv		MSugga		MSlakt		Msmasv		Mgalt		Mfar		Mlamm		Mhast		Mget		MKill		Mren		Mhona		Mvkyck		Mskyck

		1990		576		75		543		524		221		1025		1009		8.6		162		244		300		2.9		1.4		271		6400		2200		6600

		1991		528		98		543		537		219		993		982		8.3		168		251		300		3.2		1.6		271		6100		2600		7000

		1992		526		136		565		548		225		1017		1029		8.3		180		267		300		3.5		1.8		271		6100		2200		7600

		1993		525		154		549		581		241		941		1087		7.9		189		282		300		3.5		1.8		280		5800		1900		7600

		1994		509		165		561		592		241		1264		815		8.2		196		288		300		3.5		1.8		284		5900		2200		8200

		1995		482		157		596		542		237		1300		768		7.6		195		266		300		3.5		1.8		253		6100		1800		8500

		1996		466		164		617		543		273		1303		765		6.9		203		266		300		3.5		1.8		241		5700		2200		8700

		1997		468		169		614		530		269		1313		764		5.8		195		247		300		3.5		1.8		239		2700		1900		9400

		1998		449		170		611		509		255		1293		733		4.8		187		234		300		3.5		1.8		227		5400		2200		9400

		1999		449		165		600		499		220		1239		651		4.2		194		244		300		3.5		1.8		227		5600		2200		9400

		2000		428		167		589		500		202		1146		566		4.2		198		234		300		3.5		1.8		221		5700		1700		9500

		2001		418		166		573		494		212		1089		586		3.9		208		244		300		3.5		1.8		221		5700		1700		10450

		2002		417		169		553		499		208		1096		574		3.4		197		229		300		3.5		1.8		220		4700		1500		10600

		Ar		Swine		Other Cattle		Dairy Cows		Sheep and goats		Horses		Reindeer		Poultry (1000 000 heads)

		1990		2263.6		1142		576		410.3		300		271		152

		1991		2202.3		1178		528		423.8		300		271		157

		1992		2279.3		1249		526		452.3		300		271		159

		1993		2276.9		1284		525		476.3		300		280		153

		1994		2328.2		1318		509		489.3		300		284		163

		1995		2312.6		1295		482		466.3		300		253		164

		1996		2347.9		1324		466		474.3		300		241		166

		1997		2351.8		1313		468		447.3		300		239		140

		1998		2285.8		1290		449		426.3		300		227		170

		1999		2114.2		1264		449		443.3		300		227		172

		2000		1918.2		1256		428		437.3		300		221		169

		2001		1890.9		1233		418		457.3		300		221		179

		2002		1881.4		1221		417		431.3		300		220		168

		2003
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