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PREFACE

Finland’s National Inventory Report (NIR) under the UNFCCC (United Nations Framework Convention on Climate Change) contains the following parts:

Part 1
Finland’s greenhouse gas emission inventory report under the UNFCCC prepared using the new reporting guidelines (FCCC/SBSTA/2004/8). The report contains the description of the National Greenhouse Gas Inventory System in Finland, established in year 2004. IPCC and other methods applied in the calculation of the emissions are described, as well as changes to previous inventories. Several summarising tables and graphs of the emission data and emission trends for the years 1990–2003 are included.

Part 2
CRF (Common Reporting Format) data tables of Finland’s greenhouse gas emissions for the years 1990–2003. The CFR -tables are compiled with the previous (version 1.29) software, but new LULUCF -tables are appended.

Main methodological improvements and changes since the inventory submission in 2004 are related to the LULUCF sector due to the implementation of the Good Practice Guidelines for Land Use, Land Use Change and Forestry (2003). Other improvements based on the recommendations of expert review team are also implemented. This version includes in addition changes and corrections to the inventory submission 15 April 2005 implemented in response to the UNFCCC secretariats Initital Check.

Statistics Finland (Pia Forsell, Kari Grönfors, Aila Heinilä, Mirja Kosonen
, Tuija Lapveteläinen, Pasi Piela, Riitta Pipatti, Leena Raittinen, Kai Skoglund, Saku Slioor), MTT Agrifood Research Finland (Paula Perälä, Kristiina Regina), Finnish Forest Research Institute (Erkki Tomppo, Tarja Tuomainen), Finnish Environment Institute (Johanna Mikkola, Teemu Oinonen, Jouko Petäjä), Technical Research Centre of Finland (Suvi Monni, Kari Mäkelä) and Civil Aviation Administration (Niina Rusko) have made the inventory calculations, as well as the description of the methodologies and other information included in the National inventory report.

Statistics Finland is named as the National Authority in Finland’s Greenhouse Gas Inventory System. Statistics Finland will be in charge of the compilation and finalisation on inventory reports and of their submission to the UNFCCC Secretariat and the EC Commission. 

The Finnish inventory report can be downloaded from the address: www.stat.fi/greenhousegases
The contact person in Statistics Finland is 

Dr Riitta Pipatti, Head of Greenhouse Gas Inventory Unit, 

PB 6 A, FIN-00022 Statistics Finland

tel. + 358-9-1734 3543
fax +358-9-1734 3429

email riitta.pipatti@stat.fi
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Executive summary

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

Finland has prepared greenhouse gas inventories since the 1990’s to meet the obligations of the United Nations Framework Convention on Climate Change (UNFCCC). Inventory reports are submitted to the UNFCCC Secretariat and the European Commission annually.

In accordance with the Government resolution of 30 January 2003 on the organisation of climate policy activities of Government authorities in Finland, Statistics Finland has assumed the responsibilities of the National Authority for Finland’s greenhouse gas inventory from the beginning of the year 2005. Statistics Finland as the general authority of the official statistics of Finland is independently responsible for greenhouse gas emission calculations to the United Nations Framework Convention on Climate Change (UNFCCC), and in its activity as the National Authority for the greenhouse gas inventory the Statistics Finland Act and the Statistics Act are applied.
In Finland the national system, as intended in the Kyoto Protocol (Article 5.1), is based besides regulations concerning Statistics Finland on agreement arrangements between the inventory unit and expert organisations on the production of emission calculations and reports and on co-operation between the responsible ministries. According to the Government resolution, Finland’s inventory system includes besides Statistics Finland the expert organisations that have previously taken part in the emission calculation. With regard to this co-operation, separate agreements are made with the Finnish Environment Institute, MTT Agrifood Research Finland and the Finnish Forest Research Institute. Statistics Finland also acquires parts of the inventory as a purchased service. The National Greenhouse Gas Inventory System in Finland is described in more detailed in chapter 1.2.

The resources of the National System for expert organisations are channelled through the relevant ministries (Ministry of the Environment and Ministry of Agriculture and Forestry). In addition, other ministries participating in preparation of the climate policy ensure that the data collected in management of public administration duties can be used in the emission inventory.

IPCC Good Practice Guidance and Revised 1996 IPCC Guidelines as well as national estimation methods are used in producing the greenhouse gas emission estimates. The Common Reporting Format (CRF) tables are used in reporting the emission figures. 

The national inventory and reporting system is being constantly developed and improved. 

ES.2 Summary of national emissions and removals related to trends

In 2003, Finland's greenhouse gas emissions totalled 85.6 Mt CO2 eq. (million tonnes of CO2 equivalent). The total emissions in 2003 exceed by over 20 per cent (~15 Mt) the level for the year 1990 – the level to which Finland should limit its emissions during the Kyoto Protocol’s first commitment period between 2008 and 2012. In recent years, and especially in 2003, the limited availability of hydropower in the Nordic electricity market has increased coal and peat-fuelled condensing power generation in Finland. This is the main reason for the significant increase in Finnish greenhouse gas emissions compared to the previous year.
Summary of the Finnish national emissions and removals for 1990-2003 is presented in Table ES.2_1.

Table ES.2_1. Finnish greenhouse gas emissions and removals in 1990-2003.
(Tg CO2 equivalents)
1990

(base year)
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

CO2















Fuel combustion
53.68
53.36
51.48
52.46
58.71
55.71
61.01
59.93
57.05
56.67
55.00
60.62
62.31
70.42

Industrial processes
1.35
1.18
1.06
0.97
1.06
1.01
1.06
1.08
1.09
1.17
1.24
1.25
1.26
1.33

Other Sources
1.27
1.24
1.26
1.27
1.32
1.34
1.34
1.26
1.37
1.40
1.38
1.32
1.38
1.44

CH4
6.43
6.40
6.39
6.41
6.36
6.22
6.15
6.05
5.84
5.70
5.48
5.38
5.17
4.97

N2O
7.64
7.21
6.60
6.76
6.85
7.19
7.20
7.44
7.27
7.16
6.56
6.52
6.60
6.72

SF6, HFCs, PFCs
0.09
0.07
0.04
0.03
0.04
0.10
0.15
0.25
0.30
0.40
0.57
0.74
0.52
0.70

TOTAL
70.46
69.45
66.83
67.90
74.35
71.57
76.90
76.02
72.92
72.50
70.22
75.83
77.25
85.58

Land-Use Change and Forestry (removals)
-22.75
-37.00
-31.64
-28.44
-17.25
-16.40
-22.77
-12.67
-8.90
-9.13
-9.62
-14.65
-15.47
-17.78

(Remark: Due to rounding the sum of subtotals does not equal to total figures.)

In the current inventory submission, CO2 emissions from agricultural soils (including the cultivation of organic and mineral soils and liming of agricultural soils), which have been previously reported under Agriculture sector, have now been allocated to CRF categories 5.B (Cropland), 5.C (Grassland) and 5 (IV) (Carbon emissions from agricultural lime application) of the LULUCF sector, following the new UNFCCC reporting guidelines on annual inventories (FCCC/SBSTA/2004/8) and the IPCC Good Practice Guidance for Land Use, Land Use Change and Forestry (IPCC 2003). The allocation of CO2 emissions from agricultural soils to the LULUCF sector has decreased total annual emissions (without LULUCF) by about 2- 4%. 

In addition Finland has revised the calculation of fugitive emissions from peat production areas. Mostly due to the improved activity (area) data and removal of detected double counting the reported emissions under the Energy sector’s fugitive emissions have decreased almost 3 Tg CO2 eq. compared to the previous estimates (see more details in chapter 3.3). The revision of  calculation of fugitive emissions from peat production areas has decreased total annual emissions (without LULUCF) by about 3.5-4%. 
ES.3 Overview of source and sink category emission estimates and trends

The greenhouse gas emissions and removals have been divided into the following reporting categories according to the UNFCCC guideline on annual inventories (FCCC/SBSTA/2004/8): Energy (CRF 1A), Industrial processes (CRF 2), Solvent and product use (CRF 3), Agriculture (CRF 4), Land use, Land use change and Forestry (LULUCF) (CRF 5) and Waste (CRF 6).

In Figure ES.3_1, the composition of Finnish greenhouse gas emissions in 2003 is presented. Figure ES.3_2 shows the greenhouse gas emissions in Finland in 1990-2003 by CRF reporting categories.
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Figure ES.3_1. Composition of Finnish greenhouse gas emissions in 2003.
The energy sector is the most significant source of greenhouse gas emissions in Finland with over an 85% share of the total emissions. This reflects the high energy intensity of Finnish industry, extensive consumption for a long heating period, as well as energy consumption for transport in wide and sparsely inhabited country. The energy sector releases three greenhouse gases, mainly CO2, and a small amount of CH4 and N2O. Energy related CO2 emissions vary mainly according to the economic trend, the energy supply structure, and climate conditions. In recent years the limited availability of hydropower in the Nordic electricity market has increased coal and peat-fuelled condensing power generation in Finland. Due to these reasons, there was a 16.7 (+31%) Tg CO2 increase in the energy sector’s CO2 emissions between the years 1990 and 2003. Total energy sector emissions have increased by 17.3 Tg CO2 eq.

Agriculture is the second most significant source of greenhouse gas emissions in Finland. In 2003 agricultural emissions accounted for approximately 6.4% (5.5 Tg CO2 eq.) of Finland’s total emissions. Emissions from agriculture include CH4 and N2O emissions. The total emissions from agriculture have a clearly decreasing trend. The annual emissions have reduced 21% since 1990 due to decreases in the cultivation of organogenic land, in the number of livestock, and in nitrogen fertilisation.

The emissions from industrial processes (refer to non-energy related ones) including CO2, CH4, N2O and F-gases were about 4% of total greenhouse gas emissions in Finland in 2003. Emissions from process industry have increased about 13% (~0.40 Tg CO2 eq.) since the 1990 level, but their share from the total greenhouse gas emissions have remained relatively constant.
The waste sector accounted for 3.2% (2.7 Tg CO2 eq.) of total Finnish greenhouse gas emissions in 2003. Emissions from waste sector consist of CH4 and N2O emissions, and have had a decreasing trend since 1990. Overall, the annual emissions have decreased by over 30% since the 1990 level. The decrease has been mainly due to the preparation and implementation of the new waste law in Finland in 1994.
The contribution of emissions from solvents and other product use to the Finnish greenhouse gas emissions is small, less than 0.1% of the total greenhouse gas emissions in Finland. Emissions from feedstocks and non-energy use of fuels is reported in the category Other in the Finnish inventory. These contribute about 1% to the total emissions.

The LULUCF sector is a net sink as the removals in the category exceed its emissions, currently absorbing approximately 20% of the annual emissions from other sectors (Figure ES.3_3).
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Figure ES.3_2. Greenhouse gas emissions in Finland in 1990-2003 by reporting categories (Tg CO2 eq). 
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Figure ES.3_3. Greenhouse gas emissions (positive sign) and removals (negative sign) in Finland in 1990-2003 by reporting categories LULUCF sector included (Tg CO2 eq).
ES.4 Other information
1. Introduction

1.1 Background information on greenhouse gas inventories and climate change

The annual inventory  and reporting of greenhouse gas emissions and removals provide an information base for the planning and monitoring of climate policy. The Kyoto Protocol obliges its parties to establish a national greenhouse gas inventory system by the end of 2006. The deadline set for this in Finland was the end of 2004.

The national system produces data on emissions and background information on them for the UNFCCC Secretariat and the EU Commission. In addition, the scope of the system covers the archiving of the data used in emission estimations, the publishing of the results, participation in inventory reviews, and the quality management of the inventory. The guidelines for a national system were agreed upon in the Marrakech Accords at the 7th Conference of Parties held in Marrakesh in 2001.

A Decision by the European Parliament, and by the Council for a Monitoring Mechanism of Community GHG Emissions and the Implementation of the Kyoto Protocol, obliges the Member States to participate in the compilation of the EU’s common greenhouse gas inventory and other climate policy, as well as in the monitoring and evaluation of its detailed measures. This procedure causes a two-phased submission of MS inventory reporting to the Commission. 

This National Inventory Report (NIR) of Finland for the year 2005 submission to the UNFCCC secretariat includes data of the anthropogenic emissions by sources and removals by sinks of all greenhouse gases (GHGs) not controlled by the Montreal Protocol, i.e. carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), perfluorocarbons (PFCs), hydrofluorocarbons (HFCs) and sulphur hexafluoride (SF6). The emission estimates and removals are presented by gas and by source category and refer to the year 2003. Full times series of the emissions and removals from 1990 to 2003 are included in the submission. 

The structure of this NIR follows the UNFCCC Guidelines on annual inventories 2004 (FCCC/SBSTA/2004/8). Chapter 1 provides an introduction to the background of greenhouse gas inventories and the inventory preparation process and chapter 2 presents an overall emission trend in Finland from the base year 1990 to year 2003. In Chapters 3-9 more detailed information of GHG emissions estimates are given from six sectors. In chapter 10 improvements and recalculations are summarized. In Annex 1 additional information on uncertainty reporting is given. Annex 2 includes the assessment of completeness and (potential) sources, sinks of greenhouse gas emissions and removals excluded. In Annex 3 the VAHTI - emission database of Finland’s environmental administration is desribed in more detail. Annex 4 includes the reference approach for CO2 emissions from energy combustion for the year 2003  (energy balance sheets).

Climate change

Over the past century, atmospheric concentrations of carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and halogenated hydrocarbons (F-gases), i.e. greenhouse gases, have been increasing primarily as a consequence of human activity. As their name implies, greenhouse gases prevent the radiation of heat back to space and cause a warming of the climate. According to the Third Assessment Report of the International Panel of Climate Change (IPCC), the atmospheric concentrations of CO2, CH4 and N2O have increased by 31((4)%, 151(±25)% and 17(±5)% respectively compared to the pre-industrial era. 

To predict the likely global change implications in Finland, FINSKEN, a project of the Finnish Global Change Research Programme (1999-2002), was launched to develop up-to-date projections of changes in environmental and related factors in Finland during the 21st century and beyond. FINSKEN utilised the global socio-economic and technological storylines developed by the IPCC for its Special Report on Emissions Scenarios (SRES). According to FINSKEN, if no policy measures are targeted at climate change, the climate in Finland will warm, dependent on scenario, by between 1.8 and 5.5° C by the year 2050. Correspondingly, the anticipated rainfall increase is 4–28%. Sea level changes and increasing floods and droughts are other probable impacts of climate change.

The impacts of climate change will cover human and natural systems (e.g. human settlements, human health, water and food resources, ecosystem and biodiversity). Climate change will have both beneficial and adverse effects on environmental and socio-economic systems. The larger the changes and the rate of changes in climate, the more the adverse effects will predominate. In Finland the adverse impacts are related for example to the endurance of the Northern ecosystems, winter tourism, increased flooding and the prevalence of pests and diseases. Positive impacts could be possible growth of productivity in agriculture and forestry and decreased need for heating energy.
International agreements

Finland has made a commitment to follow the United Nations Framework Convention on Climate Change that entered into force on 21 March 1994. In 1997 the legally binding Kyoto Protocol was approved under the UN Framework Convention on Climate Change, and it was ratified by the EU and Finland in May 2002. Under the Kyoto Protocol Finland’s commitment is, as part of the EC’s common emission reduction target and burden sharing agreement, to limit its emissions of greenhouse gases in the first commitment period, i.e. from 2008 to 2012, to the same average level as the emissions in 1990. 

The Kyoto Protocol (Article 5.1) requires that the parties have in place a National System by the end of 2006 at the latest for estimating anthropogenic greenhouse gas emissions by sources and removals by sinks and for reporting and archiving the results. In the Decision of the European Parliament and of the Council concerning a mechanism for monitoring community greenhouse gas emissions (280/2004/EC) it is required that Member Countries establish a national greenhouse gas inventory system as fast as possible and by the end of 2005 at the latest and that the Commission adopts the EC’s inventory system by 30 June 2006. The Government resolution of 30 January 2003 on the organisation of climate policy activities of authorities requires that Finland’s inventory system is already launched by the end of the year 2004.

The EU’s greenhouse gas monitoring mechanism (280/2004/EC) combines annual emission inventories, the climate strategy and the evaluation of the effect of the policy measures and planning of new measures into a dynamic process. The Commission decision on the implementing provisions of the monitoring mechanism (29 October 2004) specifies in detail the content of the reports to be submitted to the Commission. By means of the monitoring mechanism, common EU reports can be prepared for the UNFCCC.

Under the UNFCCC all Parties are required to provide annual national GHG inventories covering emissions and removals of direct GHGs from the six sectors (Energy, Industrial processes, Solvent and other product use, Agriculture, Land use, Land-use change and Forestry and Waste) and for all years from the base year or period to the most recent year. The inventories are guided by UNFCCC guidelines and are based on following IPCC methodologies to ensure the comparability, accuracy and completeness of inventories;
· Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories( GL 1996)
· IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories 2000 (GPG 2000)
· IPCC Good Practice Guidance for Land Use, Land Use Change and Forestry  2003 (GPG LULUCF 2003)
National System for greenhouse gas inventories 

Finland’s National System supports compliance with the Kyoto Protocol. In addition to the annual calculations of greenhouse gas emissions, the system is used to produce estimates about the actual effects of the climate policy and forecasts for future development. The National System is designed and operated to ensure the transparency, consistency, comparability, completeness, accuracy and timeliness of greenhouse gas emission inventories. The quality requirements are fulfilled by implementing consistently the inventory quality management procedures.

In Finland the National System is established on a permanent footing in place of the previous, workgroup-based emission calculation and it guides the development of emission calculation in the manner required by the agreements.

1.2 A description of the institutional arrangement for inventory preparation

The Government resolution of 30 January 2003 on the organisation of climate policy activities of Government authorities means that by the end of 2004, Statistics Finland assumes the responsibilities of the National Authority for Finland’s greenhouse gas inventory. In Finland the national system is based on regulations concerning Statistics Finland, on agreement arrangements between the inventory unit and expert organisations on the production of emission calculations and reports as well as on co-operation between the responsible ministries. 
The National System for the Greenhouse Gas Inventory in Finland is presented in Figure 1.2_1 below.
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Statistics Finland as the National Authority for the inventory

Statistics Finland is the general authority of the official statistics of Finland and is independently responsible for greenhouse gas emission inventory preparation, reporting and submission to the United Nations Framework Convention on Climate Change (UNFCCC). In its activity as the National Authority for the greenhouse gas inventory the Statistics Finland Act and the Statistics Act are applied. 

Statistics Finland defines the placement of the inventory functions in its working order. At the same time, Statistics Finland sets up an advisory board to which representatives from the expert organisations and the responsible Government ministries are invited. The advisory board will decide about changes to the inventory’s division of labour as agreed for reporting sectors. In addition, the advisory board will supervise longer term research and review projects related to the development of the inventory and reporting, as well as the responsibilities of international co-operation in this area (UNFCCC, IPCC, EU), including inventory reviews.

Statistics Finland as the National Authority is in charge of the compilation of the national emission inventory and its quality management in the manner intended in the Kyoto Protocol. As the National Authority Statistics Finland also bears the responsibility for the general administration of the inventory and communication with the UNFCCC, co-ordinates participation in reviews, and publishes and archives the inventory results.

Responsibilities of expert organisations

According to the Government resolution, Finland’s inventory system includes in addition to Statistics Finland the expert organisations that have previously taken part in the emission calculation. With regard to this co-operation, separate agreements are made with the Finnish Environment Institute, MTT Agrifood Research Finland and the Finnish Forest Research Institute. Statistics Finland also acquires parts of the inventory as a purchased service. 

The agreements confirm the division of responsibilities recorded in so-called reporting protocols and they specify the procedures for the annual emission calculation and quality management co-ordinated by Statistics Finland.  The reporting protocols are based on the areas of responsibility of the different expert organisations and on Finland’s established practice for the preparation and compilation of the GHG emission inventory. The reporting sectors for which Statistics Finland is responsible are also defined in the protocols.

The role of responsible ministries in the national system

The resources of the National System for the participating expert organisations are channelled through the relevant ministries’ performance guidance (Ministry of the Environment and Ministry of Agriculture and Forestry). In addition, other ministries participating in preparation of the climate policy advance in their administrative branch that the data collected in management of public administration duties can be used in the emission inventory.

In accordance with the Government resolution, the ministries produce the data needed for international reporting on the content, enforcement and effects of the climate strategy. Separate agreements have been made on co-operation between Statistics Finland and the ministries. The structure of the estimation system corresponds to the horizontally organised preparation of Finland’s climate policy.

Statistics Finland assists in the technical preparation of the policy reporting. Statistics Finland will compile technically the National Communication for the year 2005 to be submitted to the UNFCCC.

1.3 Brief description of the process of inventory preparation

The UNFCCC and the EU’s greenhouse gas monitoring mechanism require Finland to submit annually a National Inventory Report (NIR) and Common Reporting Format (CRF) tables. The reported data consistently indicate to the emissions recorded two years previously (x-2).

The organisation of the preparation and reporting of Finland’s greenhouse gas inventory and the duties of its different parties are detailed in the previous section (1.2). The expert organisations acting as the parties to the inventory system are in charge of the inventory data of the different reporting sectors. The expert organisations produce emission calculations following the division of labour defined in the reporting protocols and according to the UNFCCC guidelines in force (Table 1.3_1). Statistics Finland as the National Authority compiles from the data produced by expert organisations national reporting wholes meeting the reporting requirements of the UNFCCC and the EU’s monitoring mechanism and submits them to the UNFCCC Secretariat and to the European Commission.

The preparation of the annual inventory follows the schedule of the reporting. In the EU monitoring mechanism the national inventory from the year x-2 is submitted to the Commission by 15 January. The Member States may complement and update their submission by 15 March. The joint EU inventory is compiled from the Member States’ submissions and it is supplied to the UNFCCC Secretariat by 15 April. The Commission uses the inventory data submitted annually by Member States also when evaluating the progress of the Community towards the set greenhouse gas emission objectives. Finland’s final greenhouse gas inventory for the year x-2, is presented to the UNFCCC Secretariat by 15 April.

Table 1.3_1. Reporting protocols and their responsible organisations in 2004.
Reporting protocols

Responsible organisations

A.
Stationary sources

- fuel combustion in point sources, such as power plants, heating boilers, industrial combustion plants and processes

Statistics Finland



B.
Mobile sources

- transport and off-road machinery

Technical Research Centre of Finland (VTT), Civil Aviation Administration

(as a purchased service)

C.
Other fuel combustion (agriculture, households, services, public sector, etc.)

Statistics Finland

D.
Fugitive emissions from energy production and distribution



Statistics Finland

E.
Emissions from industrial processes



Statistics Finland

F.
Emissions of F-gases



Finnish Environment Institute

G.
Non-methane volatile organic compounds, NMVOC



Finnish Environment Institute

H.
Emissions from agriculture, non-combustion emissions



MTT Agrifood Research Finland

I.
Emissions from land use and land use change

Finnish Forest Research Institute, MTT Agrifood Research Finland

J.
Emissions from waste treatment



Finnish Environment Institute

K.
Other emissions



Statistics Finland

1.4 Brief general description of methodologies and data sources used 

The greenhouse gas inventory system in Finland is a combination of different methodologies and data sources. A specific feature for the Finnish system is the extensive use of bottom-up data, which is completed by model calculations.

The methodologies used for the Finnish greenhouse gas inventory are in accordance with the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories and, in general, in line with IPCC Good Practice Guidance (2000). Detailed descriptions of the methodologies used can be found in sector chapters 3-9.

The following Table 1.4_1 summarises the most important data sources used in the inventory.

Table 1.4_1 . Main data sources used in Finnish greenhouse gas inventory.  

Sector
Main data sources



1.A Energy: Fuel combustion
VAHTI emission database

Energy Statistics 2003

surveys: electricity production, district heating plants, energy consumption of manufacturing industry

LIPASTO and TYKO models of the VTT Technical Research Centre of Finland, Civil Aviation Administration,  

1.B fugitive emissions
Energy Statistics 2003

individual companies, Association of Finnish Peat Industry 

2. (I) Industrial processes
Industrial statistics database

individual production plants

2. (II)Industrial processes (F-gases)
surveys of Finnish Environment Institute

3. Solvents and other product use
ULTIKA, import statistics of Finland

VAHTI emission database

Association for Finnish Paint Industry

individual companies

published literature

4. Agriculture
Matilda-database of Ministry of Agriculture and Forestry

Yearbook of Farm Statistics

Finnish Trotting and Breeding Association

MTT Agrifood Research Finland

Finnish Environment Institute (SYKE)

published literature, 

5. LULUCF
NFI (National Forest Inventory)

MTT Agrifood Research Finland

published literature

6. Waste
VAHTI emission database

Water and Sewage Works Register

Register for industrial Water Pollution Control

7. Other
Energy Statistics 2003

The VAHTI emission database of Finland’s environmental administration is one of the main data sources used in the inventory (especially the Energy and Waste sector). 

The VAHTI compliance data system functions as a tool for the 13 regional environment centres in their work on processing and monitoring permits. The data system contains information on the environmental permits of clients and on their wastes generated, discharges into water and emissions to air. In the future, the system will also include information on noise emissions. This baseline data is used by environment centres and by other interested parties. Additionally, case management has been incorporated into the system.

VAHTI also contains information on how installations comply with environmental regulations. At the beginning of 2005, a new application will be added that contains data on how the regional environment centres carry out their compliance monitoring.

Currently, there are 800 active users of the system and it has a sound reputation as an effective tool in the everyday work of the environmental administration. Moreover, the data system already provides substantial reports for the diverse needs of the administration and for other interested parties needing information.

The user interface makes it possible to add new customers, change or add customers' data, retrieve reports from the database and write inspection reports. Additionally, the system has other helpful functions, such as mapping functions and a calendar to remind an inspector of time limits.

VAHTI is a customer information system (operators must have an environmental permit from the authorities) containing, for example, the following information:

- identification

- contact persons

- respective authorities

- license conditions

- environmental insurance

- loading points, such as stacks and sewers

- emissions control equipment

- treatment plans

- boilers and fuels used 

- landfills

- emissions to air, discharges to water and waste

- energy production

- raw materials

In the year 2003 VAHTI contained information on 31 000 clients. 

More detailed description of VAHTI is included in Annex 3.

1.5 Brief description of key source categories 

Key categories are the categories of emissions/removals which have a significant influence on the total inventory in terms of the absolute level of emissions (1990 or 2003), the trend of emissions (change between 1990 and 2003) or both. There are two alternative methods for identifying key categories: Tier 1 and Tier 2. In the Tier 1 method, the emission categories are sorted according to their contribution to emission level or trend. The key categories are those that represent together 95% of inventory level or trend.  In the Tier 2 method, the relative uncertainties of the source categories are also taken into account. The key categories are those, which represent together 90% of the inventory uncertainty. 

In Finland, key categories are identified by using the Tier 2 method.  The Tier 2 key category analysis is based on a detailed uncertainty analysis presented in Section 1.7. Key categories by level in 1990 and 2003
 are presented in Tables 1.5_1 and 1.5_2. Key categories by trend are presented in Table 1.5_3 with LULUCF and in Table 1.5_4 without LULUCF. Trend assessment identifies categories whose trend is different from the total inventory trend, weighted by the absolute magnitude of emissions or removals. Therefore, key categories identified with and without LULUCF are different. In Finland, inventory trend with LULUCF is increasing more strongly than trend without LULUCF, and the difference is around 20%-points. Because key category assessment identifies categories whose trend is different from that of total inventory, and the total inventory trend is notable different with and without LULUCF, it is evident that order of key categories identified is different for the two methods.  

The disaggregation level used in key category analysis is different from the disaggregation used by the UNFCCC secretariat. The disaggregation level for Tier 2 method is based on the uncertainty analysis carried out (see Chapter 1.7). In general, key category analysis was done in a rather detailed level to be able to identify the most uncertain sources of the inventory. In cases where aggregation level is higher and the identified key category contains many sub-categories, it is important to identify the most important sub-categories, because not all sub-categories have necessarily to be treated as key categories (see p. 4.24 in IPCC GPG 2000). 

The number of key categories identified by the Tier 2 varied between 13 and 16 depending on the criteria (level, trend), year (base year, inventory year) and on inclusion of LULUCF (included/not included). Key category summaries are also presented in Table E in Annex 1 of this report. A qualitative criterion for key category assessment was not used, because after the quantitative analysis, it was seen that all potential key sources had been identified.

Table 1.5_1. Key categories in 1990 with and without LULUCF (Tier 2).
Table 7.A1

Tier 2 Analysis - Level Assessment for 1990

IPCC Category
GHG
Base Year Estimate
Level Assessment with LULUCF
Cumulative Total with LULUCF
Level Assessment without LULUCF
Cumulative Total without LULUCF



Gg CO2 eq





5.A 1. Forest Land remaining Forest Land: carbon stock change in living biomass
CO2
-23798
0.26
0.26
 
 

4.D. Agricultural soils: direct emissions, animal production and sludge spreading
N2O
3486
0.24
0.50
0.39
0.39

4.D. Agricultural soils: indirect emissions
N2O
735
0.07
0.57
0.12
0.51

5.B 1. Cropland Remaining Cropland: net carbon stock change in organic soils
CO2
1813
0.06
0.63
 
 

2.B 2 Nitric Acid Production 
N2O
1595
0.05
0.68
0.08
0.59

6.A. Solid Waste Disposal on Land
CH4
3678
0.05
0.72
0.08
0.67

5.C 1. Grassland Remaining Grassland: net carbon stock change in mineral soils
CO2
-1181
0.04
0.76
 
 

1.B 1 Solid Fuels: Peat production areas
CO2
503
0.03
0.79
0.05
0.72

1.A. Fuel Combustion: Liquid fuels1
CO2
27232
0.02
0.82
0.04
0.75

4.A. Enteric fermentation2
CH4
1868
0.02
0.83
0.03
0.78

5.B 1. Cropland Remaining Cropland: net carbon stock change in mineral soils
CO2
-535
0.02
0.85
 
 

1.A. Fuel Combustion: Solid fuels3
CO2
15722
0.02
0.87
0.03
0.81

4.B. Manure management
N2O
623
0.02
0.88
0.03
0.83

1.A 4. Other Sectors: Biomass
CH4
282
0.01
0.89
0.02
0.85

1.A. Fuel Combustion: Other fuels3
CO2
5656
0.01
0.90
0.02
0.87

7.Other - non-energy use of fuels
CO2
640
 
 
0.02
0.89

6.B 2 Domestic and Commercial Wastewater: densely populated areas
N2O
84
 
 
0.02
0.90

1Most important sub-categories: Road transportation and Small-scale combustion (1.A 4) 

2Most important sub-categories: Dairy cattle and Non-dairy cattle
3Most important sub-category: Public electricity and heat production ( 1.A1a)

Table 1.5_2. Key categories in 2003 (Tier 2) with and without LULUCF.

Table 7.A1

Tier 2 Analysis - Level Assessment for 2003

IPCC Category
GHG
Current Year Estimate Gg CO2 eq
Level Assessment with LULUCF
Cumulative Total with LULUCF
Level Assessment without LULUCF
Cumulative Total without LULUCF

5.A 1. Forest Land remaining Forest Land: carbon stock change in living biomass
CO2
-21354
0.23
0.23



4.D. Agricultural soils: direct emissions, animal production and sludge spreading
N2O
2608
0.18
0.41
0.30
0.30

5.C 1. Grassland Remaining Grassland: net carbon stock change in mineral soils
CO2
2907
0.09
0.50



4.D. Agricultural soils: indirect emissions
N2O
592
0.06
0.56
0.10
0.41

1.A 3. Transport: b.  Road Transportation: Cars with Catalytic Converters
N2O
410
0.05
0.61
0.08
0.49

2.B 2 Nitric Acid Production 
N2O
1396
0.04
0.66
0.07
0.56

5.B 1. Cropland Remaining Cropland: net carbon stock change in organic soils
CO2
1324
0.04
0.70



1.B 1 Solid Fuels: Peat production areas
CO2
547
0.04
0.73
0.06
0.62

5.B 1. Cropland Remaining Cropland: net carbon stock change in mineral soils
CO2
-1113
0.03
0.77



6.A. Solid Waste Disposal on Land
CH4
2497
0.03
0.80
0.06
0.68

1.A. Fuel Combustion: Liquid fuels1
CO2
27640
0.02
0.82
0.04
0.72

1.A. Fuel Combustion: Solid fuels2
CO2
22753
0.02
0.85
0.04
0.76

1.A. Fuel Combustion: Other fuels2
CO2
10676
0.02
0.87
0.04
0.79

4.A. Enteric fermentation3
CH4
1537
0.01
0.88
0.02
0.82

1.A 4. Other Sectors: Biomass
CH4
307
0.01
0.90
0.02
0.84

7.Other - non-energy use of fuels
CO2
830
0.01
0.91
0.02
0.86

4.B. Manure management
N2O
461


0.02
0.88

1.A 1 Energy Industries: Other fuels
N2O
226


0.02
0.90

1Most important sub-category: Road transportation

2Most important sub-category: Public electricity and heat production (1.A 1a)

3Most important sub-categories: Dairy cattle, Non-dairy cattle

Table 1.5_3. Key categories by trend (Tier 2) with LULUCF.
Table 7.A2

Tier 2 Analysis - Trend Assessment with LULUCF

IPCC Source Categories
GHG
Base Year Estimate
Current Year Estimate
Trend Assessment
Cumulative Total with LULUCF



Gg CO2 eq
Gg CO2 eq



4.D. Agricultural soils: direct emissions, animal production and sludge spreading
N2O
3486
2608
0.22
0.22

5.C 1. Grassland Remaining Grassland: net carbon stock change in mineral soils
CO2
-1181
2907
0.19
0.40

5.A 1. Forest Land remaining Forest Land: carbon stock change in living biomass
CO2
-23798
-21354
0.18
0.58

4.D. Agricultural soils: indirect emissions
N2O
735
592
0.06
0.64

1.A 3. Transport: b.  Road Transportation: Cars with Catalytic Converters
N2O
32
410
0.06
0.70

5.B 1. Cropland Remaining Cropland: net carbon stock change in soils: organic
CO2
1813
1324
0.05
0.75

6.A. Solid Waste Disposal on Land
CH4
3678
2497
0.05
0.80

2.B 2 Nitric Acid Production 
N2O
1595
1396
0.04
0.83

1.B 1 Solid Fuels: Peat production areas
CO2
503
547
0.01
0.85

5.B 1. Cropland Remaining Cropland: net carbon stock change in mineral soils
CO2
-535
-1113
0.01
0.86

4.B. Manure management
N2O
623
461
0.01
0.87

4.A. Enteric fermentation
CH4
1868
1537
0.01
0.89

1.A. Fuel Combustion: Liquid fuels
CO2
27232
27640
0.01
0.90

Table 1.5_4. Key categories by trend (Tier 2) without LULUCF.
Table 7.A2

Tier 2 Analysis - Trend Assessment without LULUCF

IPCC Category
GHG
Base Year Estimate
Current Year Estimate Gg CO2 eq
Trend Assessment
Cumulative Total without LULUCF



Gg CO2 eq




4.D. Agricultural soils: direct emissions, animal production and sludge spreading
N2O
3486
2608
0.36
0.36

1.A 3. Transport: b.  Road Transportation: Cars with Catalytic Converters
N2O
32
410
0.14
0.51

4.D. Agricultural soils: indirect emissions
N2O
735
592
0.10
0.61

6.A. Solid Waste Disposal on Land
CH4
3678
2497
0.08
0.69

2.B 2 Nitric Acid Production 
N2O
1595
1396
0.05
0.75

1.A. Fuel Combustion: Other fuels
CO2
5656
10676
0.03
0.77

4.B. Manure management
N2O
623
461
0.02
0.80

4.A. Enteric fermentation
CH4
1868
1537
0.02
0.82

1.A. Fuel Combustion: Liquid fuels
CO2
27232
27640
0.02
0.84

2.F 1.  Refrigeration and Air Conditioning Equipment 
HFCs, PFCs
0
578
0.01
0.85

1.B 1 Solid Fuels: Peat production areas
CO2
503
547
0.01
0.86

6.B 2 Domestic and Commercial Wastewater: densely populated areas
N2O
84
66
0.01
0.88

1.A 3. Transport: b.  Road Transportation: Cars without Catalytic Converters
N2O
59
22
0.01
0.89

1.A. Fuel Combustion: Solid fuels
CO2
15722
22753
0.01
0.90

Key categories were also identified using sensitivity analysis for the level assessment (2003) with LULUCF. In this method, rank correlation coefficients were computed between all input parameters and total net emissions in 2003 (with the simulation tool Crystal Ball). The advantage of this method is that the sources of uncertainties are identified at a disaggregated level, which is useful when planning inventory improvements. The results of this method are presented in Figure 1.5_1. In the figure, the parameters whose rank correlation coefficient is >0.1 are presented. EF denotes emission factor.
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Figure 1.5_1. Key kategories of the Finnish 2003 emission inventory identified using sensitivity analysis. In this method, rank correlation coefficients are calculated between calculation parameters and total emissions in 2003. 
1.6 Information on the QA/QC plan including verification and treatment of confidentiality issues
This section presents the general QA/QC programme for the Finnish greenhouse gas inventory at the national inventory level. Source-specific QA/QC programmes/plans have been developed for a limited number of sources. Source-specific QA/QC details are discussed in the relevant sections of this NIR.

Development of a Quality Management System

A quality management system is currently being developed as an integrated part of national system and annual inventory process. Quality management ensures that the greenhouse gas inventories and reporting produced by the Finnish national system are of high quality and meet the criteria of transparency, consistency, comparability, completeness, accuracy and timeliness set for the annual inventories of greenhouse gases.

The principles and elements of the quality management system are congruent both with international agreements and guidelines concerning greenhouse gas inventories and with the ISO 9001:2000 standard. ISO 9001-certification is under consideration.

As a national entity, Statistics Finland bears the responsibility and has the resources (QA/QC coordinator designated) for the co-ordination of the quality management measures for the partners of the Finnish national system and for the quality management of the greenhouse gas inventory at the national level. The expert organisations contributing to the production of emission or removal estimates are responsible for the quality of their own inventory calculations. 

Continuous improvement of the inventory is ensured by its systematic annual compilation through four main work phases: planning, preparation, evaluation and improvement (Figure 1.6_1). The foundation for improving inventories is created by an analysis of experiences gained in the previous year, consideration of feedback received on reviews and the utilisation of these to support the planning of the next inventory round.

Statistics Finland co-ordinates the participation of the partners of the Finnish national system in the reviews, as well as responses to issues raised by the reviews of the UNFCCC Secretariat.
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Figure 1.6_1. Annual inventory process.
A clear set of documents is produced on the different work phases of the inventory. The documentation ensures the transparency of the inventory: it enables external evaluation of the inventory and, where necessary, its replication.

A quality manual of the national greenhouse gas inventory system including guidelines, annual plans, templates, descriptions of methodologies and work processes and checklists of QA/QC procedures is in preparation and will be in place by the end of 2005.

Statistics Finland bears the responsibility of archiving the quality manual and the submissions of annual inventories (CRF tables and NIR). Expert organisations contributing to the sectoral calculations archive the primary data used, internal documentation of calculations and sectoral CRF tables.

Overview of QA/QC procedures in place at national inventory level

The quality management of inventories is a continuous process that starts from the consideration of inventory principles (requirements) (Figure 1.6_2). The setting of concrete annual quality objectives is based on this consideration. The next step is elaboration of the QC plan and implementing the appropriate quality control measures (e.g. routine checks, documentation) focused on meeting the quality objectives set and fulfilling the requirements. In addition, the quality assurance procedures (that are focused on providing the confidence that the quality objectives will be met and the requirements fulfilled) are planned (QA plan) and implemented. In the improvement phase of the inventory, conclusions are made on the basis of the realised QA/QC process and its results.
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Figure 1.6_2. Quality Management process of GHG inventory.

Quality objectives

Only rather general quality objectives were set in the situation of transitional arrangements of the national inventory system until the end of 2004. 

Quality objectives for the year 2004 were:

1. Establishment of a national inventory system

2. Definition and allocation of specific responsibilities in the inventory

3. Identification of gaps between requirements and the actual inventory procedures

4. Improvement in the transparency of the inventory to meet the requirements

5. Adoption of the principle of continuous improvement.

More specific quality objectives will be set in 2005. They will be concrete expressions about the standard that is aimed for in the inventory preparation and reporting, with regard to the inventory principles of transparency, completeness, consistency, comparability, accuracy and timeliness. Some of the inventory principles lead to exact, measurable objectives, but for others it is possible to set only general, qualitative objectives. Quality objectives should be realistically achievable with the available resources.

Quality objectives are set and reviewed annually by the responsible inventory agency.

QA/QC plan

Planned activities contributing to the fulfilment of the quality objectives 2004 were:

1. A project for the establishment of a GHG inventory unit in Statistics Finland

2. Meetings of QA/QC steering group consisting of inventory experts from expert organisations and chaired by QA/QC coordinator

3. Preparation of reporting protocols defining the organisation and responsibilities related to inventory preparation and reporting

4. Agreements on inventory with the agencies and institutions belonging to the national inventory system

5. Documentation of the national inventory system

6. Identification and documentation of the inventory compilation and reporting process

7. Documentation of inventory preparation processes at the level of CRF sectors (organisation, work process, methodology, uncertainty estimation, recalculations, quality programme, improvement plan, documentation and archiving).

Tier 1 QC procedures during the compilation of Finland’s inventory

Tier 1 general QC procedures include checks, documentation and archiving procedures contributing to high quality of the inventory. The Table 8.1 of the IPCC GPG is used as a checklist for Tier 1 general QC procedures. These procedures are performed in several stages during the compilation of the CRF-report. Electronic procedures for data processing are used where possible to minimise errors when compiling the CRF-report.

QC checks during the compilation process include:

1. Checks for completeness of information (all sources and sinks included, all gases included, full geographic coverage of sources and sinks)

2. Checks for consistency between the information of the latest year and the earlier years

3. Checks for correctness of information and calculations

4. Checks for data aggregation from lower levels to higher reporting levels

5. Checks for consistency between CRF tables and NIR

6. Checks that issues from previous reviews have been addressed.

The compiled CRF-report and NIR are sent to the sector experts. They confirm the correctness of the information concerning their respective sectors.

Between the initial submission and the final submission to the EC, all deviations, incorrect values, information gaps or other issues reported in the report on initial checks by the EC are studied and corrective actions taken where needed.

QA procedures and verification of emissions

QA procedures at the national inventory level are under development. QA procedures will include procedures (internal/external audits) to review and evaluate: 1) did the inventory meet the quality objectives set; and, 2) were the plans concerning the preparation and reporting of the inventory followed/implemented as planned (e.g. QC checks included in the QA/QC plan). Analysing the results of this evaluation contributes to the improvement of the inventory.

Because of the transitional arrangements of national inventory system and the rather general character of quality objectives set, QA procedures are not yet fully implemented.

A voluntary bilateral cross-country review (complemented with testing of adjustment procedure under article 5.2 of the Kyoto Protocol) was conducted between Finland and Germany in August/November 2004. The cross-country review covered emissions categories 1A1 and 1A2 in Energy sector, and categories 4A, 4B and 4D in Agriculture sector. As a result of the exercise, suggestions for inventory improvement were given for both paricipating countries. In addition, adjustment procedure was tested for 6 cases for the Finnish inventory (4 in Energy and 2 in agriculture). All the cases together accounted for 1% of Finland's emissions in 2002.

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

Uncertainty estimate of the inventory is done by using KASPER model developed at VTT Technical Research Centre of Finland. The model uses Monte Carlo simulation to combine uncertainties, and is thus in accordance with the Tier 2 method presented by the IPCC Good Practice Guidance (IPCC, 2000). First version of the model was developed for the 2001 inventory. The uncertainties in input parameters were estimated using IPCC default uncertainties, expert elicitation, domestic and international literature and the available measurement data (Monni & Syri, 2003). Since then, KASPER model has been developed further, e.g. to correspond with requirements of the Good Practice Guidance for LULUCF (IPCC, 2003). Since the previous inventory uncertainty assessment (Monni, 2004), new categories have been included in the inventory, and also in the uncertainty analysis, including LULUCF categories. In addition, some changes have occurred in the estimation of uncertainties. 

Changes in uncertainty calculation since the previous inventory submission are presented in Table 1.7_1. New categories included in the inventory uncertainty estimate with corresponding uncertainties are presented in Table 1.7_2.  

Table 1.7_1. Changes in uncertainty calculation since the previous inventory submission. Uncertainties are presented as upper and lower bounds of the 95% confidence interval and expressed as percent relative to the mean value. Distributions are normal unless otherwise stated.

Category
Gas
Type1
Previous uncertainty estimate
Current uncertainty estimate
Basis for uncertainty estimate

1.A 3.e. Other transportantion - diesel
N2O
EF
-90 to + 55% (Gumbel)
70 to +150% (lognormal)


Change in  emission factor2

1.B 1. Fugitive emissions from peat production
CO2
AD
±10%
±15%
expert judgement

1.B 2.Flaring
CO2
E
see3
±50%
expert judgement

1.B 2. Gas transmission
CH4
E
see3
±3%
expert judgement

2.A 1 Cement production
CO2
AD
±5%
±2%
expert judgement

2.A 2. Lime Production
CO2
EF
±10%
±3%
expert judgement

2.A 2. Lime Production
CO2
AD
±5%
±2%
expert judgement

2.F 1. Refrigeration and air conditioning equipment
HFCs, PFCs
E
-8 to +24% (pareto)
-11% to +26% (gamma)
Oinonen, 2005 

2.F 2. Foam Blowing
HFCs
E
±29 % 
±24%  
Oinonen, 2005

2.F 4. Aerosols
HFCs
E
±2% 
±10% 
Oinonen, 2005

2.F 7. Electrical equipment
SF6
E
-8% to +14% (Gumbel)
±88% (beta)
Oinonen, 2005 

2.F Other (grouped data)
HFCs, PFCs, SF6
E
±36% 
±38% 
Oinonen, 2005

4.A. Enteric fermentation - dairy cattle
CH4
EF
±50% 
-24 to +29% (lognormal)
Uncertainty estimated in a more detailed level (Monni et al., in press)

4.A. Enteric fermentation - other cattle
CH4
EF
±50% 
-31 to +40 (lognormal)
Uncertainty estimated in a more detailed level (Monni et al., in press)

4.D. Direct N2O from other than organic soils
N2O
EF
±80%
-90 to +380% (lognormal)
measurement data 

4.D. N2O from cultivation of organic soils
N2O
EF
±88%
-70 to +170 (lognormal)
measurement data

4.D. N2O from cultivation of organic soils
N2O
AD
±30%
±20%
expert judgement

1AD=activity data, EF=emission factor, E=emissions/removals 

2Previous emission factor was regarded as too large, thus resulting in negatively skewed uncertainty distribution

3In previous uncertainty estimate, this category was reported under "1.B.2. Oil and natural gas", where AD uncertainty was estimated at ±10% and EF uncertainty at ±20%

Table 1.7_2. New categories included in the inventory uncertainty estimate. Uncertainties are presented as upper and lower bounds of the 95% confidence interval and expressed as percent relative to mean value. Distribution is normal unless otherwise stated. 

Category
Gas
Type1
Uncertainty estimate 
Basis for uncertainty estimate

1.B 2. Oil refining
CH4
AD
±2%
expert judgement

1.B 2. Oil refining
CH4
EF
±90%
expert judgement

1.B 2. Gas distribution
CH4
E
±5%
expert judgement

2.A 3. Limestone and dolomite use
CO2
AD
-5 to +7% (triangular)
expert judgement

2.A 3. Limestone and dolomite use
CO2
EF
-9 to +5% (triangular)
expert judgement

2.A 4. Soda ash use
CO2
AD
-5 to +7% (triangular)
expert judgement

2.A 4. Soda ash use
CO2
EF
-2 to +1% (triangular)
expert judgement

2.B 5 Hydrogen production 
CO2
AD
-8 to +12% (triangular)
expert judgement

2.B 5 Hydrogen production 
CO2
EF
±5%
expert judgement

4.B. Manure management  (laying hens,chickens,cockerels,broiler hens,broilers,turkeys,other poultry, fur animals)
CH4, N2O
AD
±5%
expert judgement

4.B. Manure management  (laying hens,chickens,cockerels,broiler hens,broilers,turkeys,other poultry, fur animals, reindeer)
CH4, N2O
EF
same as for other animals
expert judgement

5.A 1. Forest land remaining forest land - Carbon stock change in living biomass 
CO2
E
(35%
preliminary estimate

5.B 1 Cropland remaining cropland - Net carbon stock change on mineral soils
CO2
E
(100%
expert judgement

5.B 1 Cropland remaining cropland - Net carbon stock change on organic soils
CO2
AD
(20% (2003)

(30% (1990)
expert judgement

5.B 1 Cropland remaining cropland - Net carbon stock change on organic soils
CO2
EF
(90%
IPCC, 2003

5.C 1. Grassland remaining grassland - Net carbon stock change in organic soils
CO2
AD
(30%
expert judgement

5.C 1. Grassland remaining grassland - Net carbon stock change in organic soils
CO2
EF
(90%
IPCC, 2003

5.C 1. Grassland remaining grassland - Net carbon stock change in mineral soils
CO2
E
(100%
expert judgement

5 (IV). Carbon emissions from agricultural lime application
CO2
AD
(20%
expert jugement

5 (IV). Carbon emissions from agricultural lime application
CO2
EF
-20 to +3%
expert jugement

5 (V). Biomass burning (forest land)
CO2, CH4, N2O
AD
(10%
expert judgement

5 (V). Biomass burning (forest land)
CO2, CH4, N2O
EF
(70%
IPCC, 2003

5 (I). Direct N2O Emissions from N Fertilization (forest land)
N2O
AD
(10%
same as in agriculture

5 (I). Direct N2O Emissions from N Fertilization (forest land)
N2O
EF
-90 to +380% (lognormal)
same as in agriculture 

1AD=activity data, EF=emission factor, E=emissions/removals

The disaggregation level for the uncertainty estimate was the same as used in the Tier 2 key category analysis. Uncertainty analysis was, in most cases, done at the level in which methods or emission factors are given. All greenhouse gases were treated separately in uncertainty analysis, except F-gases, where several gases were grouped. In the energy sector, uncertainty in CO2 emissions was estimated for activity data and emission factors in a much-aggregated level (CRF 1.A) by fuel type (solid, liquid, gaseous, other). This is because emissions of CO2 depend on the carbon content of the fuel and almost all carbon in the fuel is oxidised. Therefore combustion technology does not affect uncertainty notably. In addition, fuel statistics are most accurate on the national level for imported fuels (coal, oil, natural gas). In the case of CH4 and N2O emissions from combustion, technology has a large effect on emissions. Therefore, a split into different subcategories was needed. In stationary combustion, emission factors are defined on a plant-specific level for CRF 1.A 1 and 1.A 2 which is a too detailed level for uncertainty assessment. Therefore, uncertainties were estimated at a level of CRF categories 1.A 1, 1.A 2, 1.A 4 and 1.A 5 by fuel type and separately for activity data and emission factors. 

In transportation, uncertainties were mainly estimated for each sub-category (road transportation, civil aviation, etc.) by fuel type for activity data and emission factors, because this is the level at which accurate fuel statistics are usually available. In the case of N2O from gasoline driven vehicles in road transportation, a split between cars with and without catalytic converters was done, because trends for these two sources are notably different. 

In the case of fugitive emissions, CO2 and CH4 emissions from peat production were reported in the energy sector. In oil and natural gas (1.B 2), uncertainty was estimated separately for Flaring, Oil refining, Gas transmission and Gas distribution.   

In industrial processes, uncertainty analysis was done at the third CRF level (e.g. 2.A 1), which is also the level at which emission factors and methods are usually defined. Uncertainty estimates were given separately for activity data and emission factors. For F-gases, uncertainty analysis was done at a more detailed level.

In agriculture, an uncertainty estimate was given for each calculation parameter of the calculation model at a very detailed level. 

In the estimation of uncertainties in solid waste disposal on land (CRF 6.A), uncertainty estimates were given for each calculation parameter, and total uncertainty was estimated by simulating the FOD model with Monte Carlo simulation. In the case of wastewater treatment, uncertainty estimates were given at the third CRF level (e.g. 6.B.1). In addition, emissions from domestic wastewater were separated into densely and sparsely populated areas, because calculation methods and their uncertainties differ notably between the two sources. 

In 2003, the total uncertainty in the inventory (including LULUCF) was from -14 to +15% when expressed as the bounds of 95% confidence interval (percent relative to the mean value). The uncertainty without LULUCF was -4 to +8%. The trend uncertainty was -18 to +23 %‑points with LULUCF and -6 to +4%-points without LULUCF. The trend uncertainty was found to be very sensitive to the assumption of correlations between different years. 

When the uncertainty estimate was performed using Tier 1 method, the corresponding uncertainties were (16% (level) and (19%-points (trend) with LULUCF.

The uncertainties by gas in 2003 were as follows: (15% for CO2 with LULUCF, ±2% for CO2 without LULUCF, (20% for CH4, -40 to +100% for N2O and -10 to +20% for HFCs, PFCs and SF6 together. Uncertainties by sector were as follows: energy, -2 to +3%; industrial processes, -20 to +40%; solvent and other product use, -30 to +40%; agriculture, -40 to +120%; LULUCF, (50% and waste, (40%. 

The results of uncertainty estimates according to Tier 1 and Tier 2 methods are presented in detail in Tables A-D in Annex 1 of this report. 

The uncertainty estimate of the Finnish greenhouse gas inventory is reported in separate reports (Monni & Syri, 2003; Monni, 2004; Oinonen, 2003), and in peer-reviewed scientific journals (Monni et al., 2004; Monni et al. (in press)).

1.8 General assessment of completeness 
Completeness by emission sources and gases

Completeness of the Finnish inventory submission is evaluated by sectors in the tables included in Annex 2 of this report. The completeness is evaluated by the gases (CO2, N2O CH4, F-gases) and emission sources according to the detailed CRF-classification.

In accordance with the IPCC Guidelines, international aviation and marine bunker fuel emissions should not be included in national totals. In the Finnish inventory, these emissions (CO2, N2O, CH4, NOx, CO, NMVOC and SO2) are reported separately. CO2, CH4 and N2O emissions from lubricants from International bunkers are estimated to be nearly zero (negligible). This has to be re-checked in future inventories.

In Finland emissions from feedstocks and the non-energy use of fuels cover the CO2 emissions from non-energy use of oil products and natural gas. At the moment there is not enough data available to identify the processes and actual source categories. Finland reports these emissions under the CRF category 7 (Other). Emissions from feedstocks and non-energy use of fuels will be rechecked and allocated to the Industrial Processes sector in the 2006 inventory submission.

Completeness by geographical coverage

The inventory includes emissions from the autonomic territory of Aland (Ahvenanmaa). Information on the specified emissions for the territory of Aland estimated by the Finnish Environment Institute will be available at the website www.environment.fi > State of the environment > Air > Finland's greenhouse gas emissions, by end of 2005.

Completeness by timely coverage

In general, complete CRF tables are provided for all years. In the energy sector, recent studies on emission factors, more developed estimation models and updated energy data have caused some inconsistencies in the time series. These are described in more detail in Section 3.2. The time series will be recalculated in the future inventories to remove inconsistencies. 

Remarks and abbreviations

The figures in the CRF tables are given at the calculation accuracy that the CRF programme uses (2 decimals). The actual emission estimates are not that accurate.

Abbreviations:

CS
country-specific

D
IPCC default

DC
degradable components

H
high (high confidence in estimation), combined uncertainty (uc) of the activity data and emission factor, uc < 10%

IE
included elsewhere

L
low (high confidence in estimation), uc > 40%

M
medium (high confidence in estimation), 10% < uc < 40%

NE
not estimated

NO
not occurring

PS
plant-specific

2.Trends in greenhouse gas emissions

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

In 2003 Finland's greenhouse gas emissions totalled 85.6 Mt CO2 (million tonnes of CO2 equivalent). The emissions exceeded by around 20 per cent (15 Mt CO2 eq.) the level for the year 1990 – the level to which Finland should limit its emissions during the Kyoto Agreement's first commitment period between 2008 and 2012. Figure 2.1_1 shows the trend in CO2-equivalent emissions in the 2000s compared to the emission target of the Kyoto Protocol (1990 level in Finland).
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Figure 2.1_1. Trends in CO2 equivalent emissions and emission target of the Kyoto Protocol (Tg CO2 eq.).

In Table 2.1_1 the trends in national total CO2-equivalent emissions are summarised for the years 1990-2003. Methane emissions (CH4) have decreased by 23% from the 1990 level, which is due to improvements in waste treatment and a contraction in animal husbandry. Correspondingly, emissions of nitrous oxide (N2O) have also diminished by 12%, which has been occasioned by the reduced nitrogen fertilization of fields. Carbon dioxide emissions (CO2) have increased by 30% from the base year. The emissions of F-gases increased almost sevenfold in this period of time. In the last few years, the fast-growing use of fossil fuels has contributed most to the increase in emissions as Finnish energy producers have sold condensing power produced with coal and peat to domestic as well as Nordic electricity markets.

Table 2.1_1. Total greenhouse gas emissions in CO2 eq and indexed 1990-2003.

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

Nat. Emissions 

(Tg CO2-eq)















CO2 with LULUCF
33.50
18.74
22.12
26.25
43.82
41.65
40.63
49.59
50.61
50.09
47.98
48.52
49.45
55.38

CO2 excluding LULUCF
56.30
55.77
53.79
54.70
61.09
58.07
63.41
62.28
59.51
59.24
57.61
63.19
64.95
73.19

CH4
6.43
6.40
6.39
6.41
6.36
6.22
6.15
6.05
5.84
5.70
5.48
5.38
5.17
4.97

N2O 
7.64
7.21
6.60
6.76
6.85
7.19
7.20
7.44
7.27
7.16
6.56
6.52
6.60
6.72

HFCs
0.00
0.00
0.00
0.00
0.01
0.03
0.08
0.17
0.25
0.32
0.50
0.66
0.46
0.65

PFCs
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.02
0.02
0.01
0.01

SF6
0.09
0.07
0.04
0.03
0.03
0.07
0.07
0.08
0.05
0.05
0.05
0.06
0.05
0.04

TOTAL EMISSIONS
70.46
69.45
66.83
67.90
74.35
71.57
76.90
76.02
72.92
72.50
70.22
75.83
77.25
85.58

TOTAL EMISSIONS WITH LUCF
47.67
32.42
35.16
39.45
57.07
55.16
54.12
63.33
64.02
63.35
60.59
61.15
61.76
67.77


















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

Index (1990=100)















CO2 excluding LULUCF
100
99.1
96.9
97.2
108.5
103.1
112.6
110.6
105.7
105.2
102.3
112.3
115.4
130.0

CH4
100
99.5
99.6
99.6
98.8
96.6
95.6
94.1
90.8
88.7
85.2
83.2
80.4
77.0

N2O
100
94.4
86.5
88.3
89.7
94.2
94.2
97.5
95.5
92.9
85.9
85.4
86.5
87.9

Total (group of three)
100
98.6
96.0
96.4
105.6
101.6
109.1
107.7
103.3
102.4
99.0
106.7
109.1
120.6

F-gases
100
71.4
39.0
35.8
44.0
103.7
158.4
258.2
316.1
421.8
609.3
774.7
559.0
750.0

Total (group of six)
100
98.6
95.9
96.3
105.5
101.6
109.2
107.9
103.5
102.8
99.7
107.6
109.7
121.5

2.2 Description and interpretation of emission trends by gas

In Table 2.2_1 the trends in actual CO2 emissions are presented per source category. In 2003 total CO2 emissions had increased by 30% since 1990. The largest increase in emissions (17 Tg) occurred in the electricity production sector. Emissions in the transport sector concurrently increased by 0.8 Tg and emissions of residential and institutional sectors decreased by 1.0 Tg.

Table 2.2_1.CO2 emissions and sinks per IPCC sector 1990-2003 (Tg).
IPCC Sector
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

1. Energy
54.31
53.98
52.13
53.17
59.34
56.36
61.65
60.64
57.71
57.32
55.64
61.26
62.98
71.03


A Fuel combustion total
53.68
53.36
51.48
52.46
58.71
55.71
61.01
59.93
57.05
56.67
55.00
60.62
62.31
70.42


1. Energy industries
18.52
19.11
17.51
19.95
24.64
22.46
27.51
24.67
21.39
21.03
19.82
26.76
28.95
36.05


a.  Public Electricity and Heat Production
16.25
17.03
15.44
17.91
22.25
19.81
24.70
22.10
18.64
18.25
17.19
24.17
26.15
33.18


b.  Petroleum Refining
2.22
2.06
2.06
2.02
2.37
2.55
2.71
2.47
2.66
2.69
2.54
2.50
2.71
2.78


c.  Manufacture of Solid Fuels and Other Energy Industries
0.04
0.01
0.01
0.02
0.02
0.10
0.10
0.09
0.10
0.09
0.09
0.09
0.09
0.09


2. Manufacturing Industries and Construction
14.93
14.45
14.10
13.81
14.60
14.49
14.14
15.77
15.85
15.82
15.93
13.82
13.20
13.82


3. Transport
12.32
12.01
11.95
11.52
11.88
11.68
11.63
12.17
12.34
12.58
12.46
12.58
12.81
13.07


4. Other Sectors
6.97
6.84
6.92
6.21
6.34
5.83
5.93
5.95
6.04
5.92
5.52
5.85
5.94
6.03


a. Commercial / Institutional
1.91
1.86
1.95
1.54
1.41
1.15
1.21
1.22
1.22
1.20
1.10
1.19
1.22
1.31


b. Residential
3.06
2.95
2.96
2.67
2.91
2.68
2.73
2.72
2.76
2.67
2.43
2.64
2.68
2.65


c. Agriculture / Forestry/ Fisheries
1.99
2.03
2.01
1.99
2.02
2.00
1.99
2.01
2.05
2.04
1.98
2.01
2.05
2.07


5. Other
0.96
0.94
1.00
0.98
1.25
1.27
1.80
1.38
1.42
1.33
1.27
1.61
1.42
1.45


B Fugitive fuel emissions
0.63
0.63
0.65
0.71
0.63
0.64
0.65
0.71
0.65
0.65
0.65
0.64
0.66
0.61

2. Industrial Processes
1.35
1.18
1.06
0.97
1.06
1.01
1.06
1.08
1.09
1.17
1.24
1.25
1.26
1.33

3. Solvent and Other Product Use
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4.  Agriculture
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5. Land-Use Change and Forestry
-22.8
-37.0
-31.7
-28.5
-17.3
-16.4
-22.8
-12.7
-8.9
-9.2
-9.6
-14.7
-15.5
-17.8

6. Waste
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

7. Other
0.64
0.61
0.61
0.56
0.69
0.70
0.70
0.56
0.72
0.75
0.73
0.69
0.72
0.83

















Total Emissions/Removals with LULUCF 
33.50
18.74
22.12
26.25
43.82
41.65
40.63
49.59
50.61
50.09
47.98
48.52
49.45
55.38

Total Emissions without LULUCF
56.30
55.77
53,79
54.70
61.09
58.07
63.41
62.28
59.51
59.24
57.61
63.20
64.95
73.19

In Table 2.2_2 the trend in methane emission is presented by source category. In 2003 the total CH4 emissions decreased by 23% compared to the base year level. The sectors that contributed most to the decrease were the waste sector (32%) and agriculture (16%) with 1.2 Tg and 0.3 Tg CO2-equivalent respectively.
Table 2.2_2. CH4 emissions per IPCC sector 1990-2003 (Gg).

IPCC Sector
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

1. Energy
23.42
24.66
25.25
26.47
27.20
26.76
27.71
26.52
26.55
25.26
24.58
26.06
26.32
26.61


A Fuel combustion total
22.64
22.42
22.31
22.76
23.11
22.68
23.50
22.83
22.79
22.17
21.67
22.56
23.32
23.41


1. Energy industries
1.19
1.34
1.27
1.44
1.79
1.65
1.89
1.72
1.60
1.38
1.41
1.97
2.80
3.29


2. Manufacturing Industries and Construction
1.97
1.94
1.93
2.47
2.49
2.66
2.66
2.32
2.30
2.35
2.45
2.08
1.82
1.76


3. Transport
4.91
4.65
4.54
4.36
4.19
4.05
3.89
3.75
3.65
3.53
3.35
3.23
3.15
2.79


4. Other Sectors
14.47
14.40
14.49
14.39
14.53
14.21
14.89
14.92
15.12
14.78
14.34
15.14
15.42
15.43


a. Commercial / Institutional
0.83
0.83
0.84
0.79
0.77
0.81
0.88
0.85
0.88
0.86
0.81
0.91
0.94
0.95


b. Residential
11.43
11.51
11.58
11.59
11.77
12.04
12.59
12.62
12.75
12.45
12.13
12.64
12.83
12.79


c. Agriculture / Forestry/ Fisheries
2.21
2.06
2.06
2.01
1.98
1.35
1.41
1.45
1.48
1.46
1.41
1.59
1.66
1.69


5. Other
0.09
0.09
0.09
0.09
0.11
0.11
0.17
0.13
0.13
0.13
0.12
0.14
0.13
0.13


B Fugitive fuel emissions
0.78
2.24
2.94
3.72
4.10
4.08
4.21
3.69
3.75
3.10
2.90
3.51
3.01
3.20

2. Industrial Processes
0.43
0.46
0.47
0.63
0.64
0.69
0.69
0.62
0.71
0.71
0.71
0.71
0.68
0.70

3. Solvent and Other Product Use
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4.  Agriculture
99.20
94.52
92.02
91.96
91.88
88.60
88.94
90.14
88.00
86.45
85.90
84.75
84.83
83.76


A.  Enteric Fermentation
88.97
85.01
82.83
82.79
82.62
77.78
78.10
78.87
77.01
75.74
75.29
74.51
74.39
73.19


B.  Manure Management
10.23
9.51
9.19
9.17
9.26
10.82
10.84
11.27
10.99
10.71
10.62
10.24
10.44
10.56

5. Land-Use Change and Forestry
0.78
0.31
0.60
0.18
0.47
0.37
0.26
0.46
0.13
0.37
0.16
0.46
0.49
0.40

6. Waste
182.5
184.7
186.0
186.0
182.6
179.6
175.1
170.5
162.8
158.9
149.5
144.3
133.9
125.0


A. Solid Waste Disposal on Land
175.2
177.8
179.2
179.0
175.8
172.6
168.4
163.8
156.2
152.5
143.3
138.1
127.8
118.9


B. Waste-water Handling
7.29
6.87
6.84
7.01
6.85
6.96
6.76
6.77
6.62
6.40
6.26
6.19
6.10
6.08

7. Other
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

















TOTAL EMISSIONS
306.3
304.7
304.4
305.2
302.8
296.0
292.7
288.3
278.2
271.7
260.9
256.3
246.3
236.4

In Table 2.2_3 the trend of nitrous oxide emissions is presented per source category. In 2003 the total N2O emissions decreased by about 12% compared to 1990, mainly due the emissions of agriculture of 1.2 Tg CO2-equivalent.

Table 2.2_3. N2O emissions per IPCC sector 1990-2003 (Gg).
IPCC Sector
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

1. Energy
2.91
3.25
3.08
3.28
3.59
4.19
4.63
5.64
5.77
5.74
3.72
4.12
4.39
4.70


A Fuel combustion total
2.91
3.25
3.08
3.28
3.59
4.19
4.63
5.64
5.77
5.74
3.72
4.12
4.39
4.70


1. Energy industries
0.90
1.06
1.01
1.14
1.34
1.41
1.82
1.71
1.69
1.72
0.88
1.39
1.58
1.77


2. Manufacturing Industries and Construction
1.07
1.16
0.99
1.02
1.05
1.51
1.45
2.47
2.50
2.34
1.08
0.86
0.83
0.83


3. Transport
0.56
0.63
0.70
0.76
0.82
0.90
0.97
1.08
1.19
1.30
1.39
1.48
1.60
1.71


4. Other Sectors
0.37
0.36
0.37
0.35
0.35
0.34
0.35
0.35
0.35
0.35
0.33
0.35
0.36
0.36


5. Other
0.02
0.02
0.02
0.03
0.03
0.03
0.04
0.03
0.03
0.03
0.03
0.04
0.04
0.03


B Fugitive fuel emissions
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2. Industrial Processes
5.15
4.52
4.05
4.20
4.35
4.50
4.50
4.52
4.26
4.27
4.26
4.06
4.23
4.50

3. Solvent and Other Product Use
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.16
0.14
0.13

4.  Agriculture
15.84
14.80
13.51
13.69
13.52
13.88
13.46
13.22
12.81
12.47
12.57
12.30
12.17
11.97


B.  Manure Management
2.01
1.84
1.77
1.78
1.77
1.61
1.63
1.68
1.65
1.59
1.54
1.49
1.51
1.49


D. Agricultural Soils
13.83
12.97
11.73
11.87
11.74
12.27
11.83
11.54
11.17
10.89
11.02
10.81
10.66
10.48

5. Land-Use Change and Forestry
0.09
0.07
0.05
0.01
0.04
0.02
0.03
0.05
0.03
0.05
0.05
0.04
0.04
0.03

6. Waste
0.46
0.43
0.42
0.41
0.41
0.41
0.39
0.39
0.37
0.36
0.36
0.35
0.33
0.34

7. Other
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TOTAL EMISSIONS 
24.64
23.27
21.31
21.80
22.10
23.20
23.21
24.01
23.45
23.09
21.15
21.04
21.30
21.67

In Table 2.2_4 the trend of emissions of F-gases is presented per source category. In 2003 the total amount of emissions of all F-gases has increased dramatically. Emissions were in 2003 over six times bigger than in 1990.

Table 2.2_4. Actual emissions of HFCs, PFCs and SF6, 1990-2003 (CO2 equivalent Gg).

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

HFCs
0.02
0.05
0.10
0.10
6.52
29.30
77.30
167.8
245.2
318.6
501.7
656.9
463.4
652.1

PFCs
0.07
0.08
0.09
0.10
0.12
0.14
0.16
0.18
0.21
27.97
22.46
20.06
13.37
14.85

SF6
94.39
67.32
36.64
33.61
34.90
68.53
72.20
75.98
53.18
51.98
51.49
55.03
51.31
41.71

2.3 Description and interpretation of emission trends by category

Table 2.3_1 provides an overview of the CO2-equivalent emission trends per IPCC source category. The energy sector is the most significant emission source, its proportion has increased from 80% in 1990 to about 85% in 2003. The emissions from the process industry have not changed during this time period, being 4%. The agricultural emissions have decreased from 10% in 1990 to 6% in 2003 and emissions from waste management have decreased from over 5% in 1990 to 3% in 2003.
Table 2.3_1. Summary of emission trend per source category and gas (unit Tg CO2-eq.).
IPCC Sector
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

1. Energy
55.70
55.50
53.62
54.74
61.03
58.22
63.67
62.94
60.05
59.63
57.31
63.08
64.89
73.04


A Fuel combustion total
55.06
54.83
52.90
53.95
60.31
57.49
62.94
62.16
59.32
58.91
56.60
62.38
64.16
72.37

CO2
1. Energy industries
18.52
19.11
17.51
19.95
24.64
22.46
27.51
24.67
21.39
21.03
19.82
26.76
28.95
36.05

CO2
2. Manufacturing Industries and Construction
14.93
14.45
14.10
13.81
14.60
14.49
14.14
15.77
15.85
15.82
15.93
13.82
13.20
13.82

CO2
3. Transport
12.32
12.01
11.95
11.52
11.88
11.68
11.63
12.17
12.34
12.58
12.46
12.58
12.81
13.07

CO2
4. Other Sectors
6.97
6.84
6.92
6.21
6.34
5.83
5.93
5.95
6.04
5.92
5.52
5.85
5.94
6.03

CO2
5. Other
0.96
0.94
1.00
0.98
1.25
1.27
1.80
1.38
1.42
1.33
1.27
1.61
1.42
1.45

CH4
0.48
0.47
0.47
0.48
0.49
0.48
0.49
0.48
0.48
0.47
0.46
0.47
0.49
0.49

N2O
0.90
1.01
0.96
1.02
1.11
1.30
1.44
1.75
1.79
1.78
1.15
1.28
1.36
1.46


B Fugitive fuel emissions
0.64
0.67
0.71
0.79
0.72
0.73
0.73
0.78
0.73
0.71
0.71
0.71
0.72
0.68

CO2


0.63
0.63
0.65
0.71
0.63
0.64
0.65
0.71
0.65
0.65
0.65
0.63
0.66
0.61

CH4
0.02
0.05
0.06
0.08
0.09
0.09
0.09
0.08
0.08
0.07
0.06
0.07
0.06
0.07

2. Industrial Processes
3.05
2.66
2.36
2.32
2.46
2.51
2.62
2.74
2.72
2.91
3.15
3.25
3.11
3.45

CO2
1.35
1.18
1.06
0.97
1.06
1.01
1.06
1.08
1.09
1.17
1.24
1.25
1.26
1.33

CH4
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.01
0.01

N2O
1.60
1.40
1.25
1.30
1.35
1.39
1.39
1.40
1.32
1.33
1.32
1.26
1.31
1.40

HFCs
0.00
0.00
0.00
0.00
0.01
0.03
0.08
0.17
0.25
0.32
0.50
0.66
0.46
0.65

PFCs
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.02
0.02
0.01
0.01

SF6
0.09
0.07
0.04
0.03
0.03
0.07
0.07
0.08
0.05
0.05
0.05
0.06
0.05
0.04

3. Solvent and Other Product Use
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.05
0.04
0.04

N2O
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.05
0.04
0.04

4.  Agriculture
6.99
6.57
6.12
6.17
6.12
6.16
6.04
5.99
5.82
5.68
5.70
5.59
5.55
5.47

CH4
A.  Enteric Fermentation
1.87
1.79
1.74
1.74
1.73
1.63
1.64
1.66
1.62
1.59
1.58
1.56
1.56
1.54

CH4
B.  Manure Management
0.21
0.20
0.19
0.19
0.19
0.23
0.23
0.24
0.23
0.22
0.22
0.22
0.22
0.22

N2O
B.  Manure Management
0.62
0.57
0.55
0.55
0.55
0.50
0.51
0.52
0.51
0.49
0.48
0.46
0.47
0.46

N2O 
D. Agricultural Soils
4.29
4.02
3.64
3.68
3.64
3.81
3.67
3.58
3.46
3.38
3.42
3.35
3.31
3.25

5. Land-Use Change and Forestry
-22.8
-37.0
-31.6
-28.4
-17.3
-16.4
-22.8
-12.7
-8.9
-9.1
-9.6
-14.7
-15.5
-17.8

CO2

-22.8
-37.0
-31.7
-28.5
-17.3
-16.4
-22.8
-12.7
-8.9
-9.2
-9.6
-14.7
-15.5
-17.8

CH4
0.02
0.01
0.01
0.00
0.01
0.01
0.01
0.01
0.00
0.01
0.00
0.01
0.01
0.01

N2O


0.03
0.02
0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

6. Waste
3.97
4.01
4.04
4.03
3.96
3.90
3.80
3.70
3.53
3.45
3.25
3.14
2.92
2.73

CO2
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

CH4
3.83
3.88
3.91
3.91
3.84
3.77
3.68
3.58
3.42
3.34
3.14
3.03
2.81
2.62

N2O
0.14
0.13
0.13
0.13
0.13
0.13
0.12
0.12
0.12
0.11
0.11
0.11
0.10
0.11

7. Other
0.64
0.61
0.61
0.56
0.69
0.70
0.70
0.56
0.72
0.75
0.73
0.69
0.72
0.83

CO2
0.64
0.61
0.61
0.56
0.69
0.70
0.70
0.56
0.72
0.75
0.73
0.69
0.72
0.83

















NATIONAL TOTAL EMISSIONS WITH LULUCF
47.67
32.42
35.16
39.45
57.07
55.16
54.12
63.33
64.02
63.35
60.59
61.15
61.76
67.77

NATIONAL TOTAL EMISSIONS
70.46
69.45
66.83
67.90
74.35
71.57
76.90
76.02
72.92
72.50
70.22
75.83
77.25
85.58

2.4 Description and interpretation of emission trends of indirect greenhouse gases and sulphur oxides.

The emissions trends of the indirect greenhouse gases, sulphur dioxides, nitrogen oxides, carbon monoxide and non-methane volatile organic compounds, are presented in Figure 2.4_1 and Table 2.4_1. Emissions are from previous CRF tables and are not as reported to the UNECE CLTAP Secretary due to the unfinished review of time series in Finland.
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Figure 2.4_1. Finnish indirect greenhouse gas emissions trend 1990-2003, Gg.
Nitrogen oxides were generated exclusively in the energy sector. The total emissions were 218,0 Gg. The transport sector was responsible for 39% of the emissions. Energy industries as well as manufacturing industries and construction generated 28% and 20% of the emissions, respectively.

Carbon monoxide emissions, total 564.4 Gg, originated also exclusively in the energy sector, where transport generated 65% and other sectors (including small scale combustion in the residential energy sector as well as off road machinery in forestry, agriculture and fishery) 21% of the total emissions.

The non-methane volatile organic compounds totalled 144.2 Gg in 2003. 71% of the total emissions were generated in the energy sector, where transport generated 47%, other sectors 34% (including small scale combustion in the residential energy sector as well as off road machinery in forestry, agriculture and fishery) and fugitive emissions from fuels 11% of the total emissions. 20% of the NMVOC emissions originated from solvent and other product use and 8% from industrial processes.

The sulphur dioxide emissions totalled 99.3 Gg out of which 89% originated in the energy sector, where energy industries generated 64% of the total emissions and manufacturing industries and construction 22%.
Table 2.4_1. Trends in total emissions of NOx, CO, NMVOC and SO2, 1990-2003.

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

Total NOx
294.2
273.6
266.4
267.3
267.8
245.7
250.4
242.8
227.9
221.6
208.2
209.9
210.3
218.0

Total CO
702.1
673.0
662.0
650.7
636.0
632.4
623.1
624.3
620.4
611.4
593.6
585.3
574.9
564.4

Total NMVOC
223.1
209.1
202.3
192.1
188.2
182.0
174.9
170.2
165.9
160.6
155.4
152.7
147.8
144.2

Total SO2
240.8
199.9
152.5
132.6
119.6
99.6
104.0
100.7
91.9
86.5
77.5
89.1
86.6
99.3

3. ENERGY (CRF 1)

3.1 Overview of sector (CRF 1)
The energy sector is clearly the biggest source of anthropogenic greenhouse gas emissions in Finland. In 2003 emissions from the energy sector totalled 73.0 Tg CO2 eq. That was 85.4% of the total greenhouse gas emissions in 2003 (Figure 3.1_1). Compared to base year 1990 emissions from energy sector have increased ~24%. Most of the emissions comes from fuel combustion (Figure 3.1_1). The substantial amount of energy related emissions reflects the high energy intensity of Finnish industry, the extensive consumption for a long heating period, as well as energy consumption for transport in wide and sparsely inhabited country. The energy sector releases three greenhouse gases, mainly CO2, and a small amount of CH4 and N2O. Energy related CO2 emissions vary mainly according to the economic trend, the energy supply structure, and climate conditions. As suggested in the UNFCCC guidelines (FCCC/SBSTA/2004/8), emissions in the energy sector are divided into emissions from fossil fuel combustion (CRF 1.A) and fugitive emissions from fuels (CRF 1.B). 
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Figure 3.1_1. Emissions from the fuel combustion compared to the total GHG emissions in 2003.
Emissions from the energy sector come from a variety of sources. Emissions from fuel combustion include direct and indirect greenhouse gas emissions from domestic fuel combustion including point sources,  transport and other fuel combustion. Fugitive emissions from fuels in Finland include the CO2 and CH4 emissions arising mainly from the peat production. In addition, fugitive emissions from venting and flaring from oil refineries are calculated, as well as the fugitive emissions from natural gas transmission and distribution (Table 3.1_1).

Table 3.1_1. Emissions from energy sector in 1990-2003 by subcategories and gases.

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

1. Energy
55.70
55.50
53.62
54.74
61.03
58.22
63.67
62.94
60.05
59.63
57.31
63.08
64.89
73.04


A. Fuel combustion
55.06
54.83
52.90
53.95
60.31
57.49
62.94
62.16
59.32
58.91
56.60
62.38
64.16
72.37

CO2

53.68
53.36
51.48
52.46
58.71
55.71
61.01
59.93
57.05
56.67
55.00
60.62
62.31
70.42

CH4
0.48
0.47
0.47
0.48
0.49
0.48
0.49
0.48
0.48
0.47
0.46
0.47
0.49
0.49

N2O
0.90
1.01
0.96
1.02
1.11
1.30
1.44
1.75
1.79
1.78
1.15
1.28
1.36
1.46


B. Fugitive fuel emissions
0.64
0.67
0.71
0.79
0.72
0.73
0.73
0.78
0.73
0.71
0.71
0.71
0.72
0.68

CO2

0.63
0.63
0.65
0.71
0.63
0.64
0.65
0.71
0.65
0.65
0.65
0.63
0.66
0.61

CH4
0.02
0.05
0.06
0.08
0.09
0.09
0.09
0.08
0.08
0.07
0.06
0.07
0.06
0.07
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Figure 3.1_2. Emissions from the energy sector in 1990-2003 (Tg CO2 eq.).
3.2 Emissions from fuel combustion (CRF 1.A)

Description

Emissions from fuel combustion comprise all domestic fuel combustion, including point sources, transport and other fuel combustion. Until now, process emissions from the use of coke and residual fuel oil in the iron and steel industry have also been included in this category. Direct and indirect GHGs (CO2, CH4, N2O, CO, NMVOC, SO2, NOx) are reported. As suggested in the UNFCCC guidelines, emissions from fuel combustion in the energy sector are divided into five subcategories as follows: 

CRF 1.A 1 - Energy Industries
CRF 1.A 2 - Manufacturing industries and construction

CRF 1.A 3 - Transport

CRF 1.A 4 - Other sectors

CRF 1.A 5 - Other

Quantitative overview

CO2 emissions from fossil fuel combustion (70.42 Tg) accounted for 96% of the energy sector’s total emissions and 82% of total greenhouse gas emissions in 2003. 

The portion of N2O emissions from fuel combustion in 2003 was about 2%. N2O emissions come mainly from fluidised bed combustion and transportation. CH4 emissions from fuel combustion are relatively small and are mainly due to the incomplete combustion of wood fuels (small combustion).

In the recent years limited availability of hydropower in the Nordic electricity market has increased coal and peat-fuelled condensing power generation in Finland. Due to this, there has been a  ~17 Tg CO2 eq. increase in the energy sector’s emissions from fuel combustion between the years 1990 and 2003 (Table 3.2_1) .
Table 3.2_1. Emissions from fuel combustion in Finland in 1990-2003 (Tg CO2).

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

1. Energy
55.70
55.50
53.62
54.74
61.03
58.22
63.67
62.94
60.05
59.63
57.31
63.08
64.89
73.04


A Fuel combustion total
55.06
54.83
52.90
53.95
60.31
57.49
62.94
62.16
59.32
58.91
56.60
62.38
64.16
72.37

CO2
1. Energy industries
18.52
19.11
17.51
19.95
24.64
22.46
27.51
24.67
21.39
21.03
19.82
26.76
28.95
36.05

CO2
2. Manufacturing Industries and Construction
14.93
14.45
14.10
13.81
14.60
14.49
14.14
15.77
15.85
15.82
15.93
13.82
13.20
13.82

CO2
3. Transport
12.32
12.01
11.95
11.52
11.88
11.68
11.63
12.17
12.34
12.58
12.46
12.58
12.81
13.07

CO2
4. Other Sectors
6.97
6.84
6.92
6.21
6.34
5.83
5.93
5.95
6.04
5.92
5.52
5.85
5.94
6.03

CO2
5. Other
0.96
0.94
1.00
0.98
1.25
1.27
1.80
1.38
1.42
1.33
1.27
1.61
1.42
1.45

CH4
0.48
0.47
0.47
0.48
0.49
0.48
0.49
0.48
0.48
0.47
0.46
0.47
0.49
0.49

N2O
0.90
1.01
0.96
1.02
1.11
1.30
1.44
1.75
1.79
1.78
1.15
1.28
1.36
1.46

Methods
Emissions from fuel combustion (CRF 1.A 1-1.A 5) are in general calculated by multiplying fuel consumption with either a fuel type-specific emission factor or technology-specific emission factor. When calculating CO2 emissions, adjustment the fraction of carbon (un)oxidised is included.
Calculations of all emissions from fuel combustion are done with the ILMARI calculation system developed in Statistics Finland. The ILMARI system was specifically designed for the calculation of energy-based emissions. ILMARI uses mostly bottom-up methodology consistent with the IPCC Tier 2 approach. 

ILMARI combines three main types of activity source data:

1.
Detailed bottom-up data for point sources (covering > 2/3 of the total annual fuel combustion)
2.
Aggregate transport and off-road vehicle data (covering ~1/6 of the total annual fuel combustion)
3.
Aggregate sectoral/subsectoral data for other sources (covering ~1/6 of the total annual fuel 
combustion)

The ILMARI calculation system has been used for national emission calculations of CO2, SO2, NO2, CO, CH4, N2O, NMVOC and PM emissions of fuel combustion from the year 1992. In addition, the year 1990 emissions have been calculated with ILMARI. The CRF tables for the year 1991 are produced by top-down estimates based on data for 1990 and 1992. All emissions from fuel combustion are calculated using as detailed fuel consumption data as possible. ILMARI also includes the technical data of combustion processes, such as type of power plant, capacity, combustion technique, emission reduction equipment, etc.

The input data for ILMARI comes from various models, databases and other information sources. The data sources of the ILMARI calculation system are presented in Figure 3.2_1.

The production process of ILMARI and CRF 1.A data tables are described in Figure 3.2_2.

A new version of the ILMARI calculation system has been developed, starting from 2002. The 2001, 2002  and 2003 inventories have been calculated using the new system. The calculation methods and formulas are the same as in the previous ILMARI, but a new database system has been constructed. Some parts of the system are still under development.

At the moment the data sources are the same as in the previous system, but other data sources will be included in the system to reduce uncertainties in the allocation of fuels to different subcategories.
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Figure 3.2_1 . Data sources ILMARI calculation system.
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Figure 3.2_2. Production process of ILMARI and CRF 1.A data tables.

Key kategories 

Several emission sources in the energy combustion sector are key categories. The key categories in 2003 by level and trend and with and without LULUCF are listed in the Table 3.2_2.

Table 3.2_2. Key categories in Energy combustion (CRF 1.A) in 2003 (L=Level, T=Trend, 1= only with LULUCF, 2= only without LULUCF) (quantitative method used: Tier 2).
IPCC source category
Gas
Identification criteria

CRF 1.A Fuel combustion, Solid fuels
CO2
L, T2

CRF 1.A Fuel combustion, Liquid fuels
CO2
L, T

CRF 1.A Fuel combustion, Other fuels
CO2
L, T2

CRF 1.A 3 b Road transportation, Cars with catalytic converters
N2O
L, T

CRF 1.A 3 b Road transportation, Cars without catalytic converters
N2O
T2

CRF 1.A 1 Energy industries, Other fuels
N2O
L2

CRF 1.A 4 Other sectors, Biomass
CH4
L





3.2.1 Energy industries and Manufacturing industries and construction (CRF 1.A 1, CRF 1.A 2)

3.2.1.1 Source category description

Energy industries (CRF 1.A 1) and Manufacturing industries and construction (CRF 1.A 2) include emissions from fuel combustion in point sources in energy production and industrial sectors (power plants, boilers Pfuel>5MW and industrial plants with boilers and/or other combustion). The emissions from energy industries by relevant subcategories and gases in 1990-2003 are presented in Table 3.2_3.

Table 3.2_3. The emissions from Energy industries by relevant subcategories and gases in 1990-2003.

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

CO2
















1. Energy industries
18.52
19.11
17.51
19.95
24.64
22.46
27.51
24.67
21.39
21.03
19.82
26.76
28.95
36.05


a.  Public Electricity and Heat Production
16.25
17.03
15.44
17.91
22.25
19.81
24.70
22.10
18.64
18.25
17.19
24.17
26.15
33.18


b.  Petroleum Refining
2.22
2.06
2.06
2.02
2.37
2.55
2.71
2.47
2.66
2.69
2.54
2.50
2.71
2.78


c.  Manufacture of Solid Fuels and Other Energy Industries
0.04
0.01
0.01
0.02
0.02
0.10
0.10
0.09
0.10
0.09
0.09
0.09
0.09
0.09

CH4
















1. Energy industries
1.19
1.34
1.27
1.44
1.79
1.65
1.89
1.72
1.60
1.38
1.41
1.97
2.80
3.29

N2O
















1. Energy industries
0.90
1.01
0.96
1.02
1.11
1.30
1.44
1.75
1.79
1.78
1.15
1.28
1.36
1.46

The emissions from manufacturing industries and construction by relevant subcategories and gases in 1990-2003 are presented in Table 3.2_4 below.

Table 3.2_4. The emissions from manufacturing industries and construction by relevant subcategories and gases in 1990-2003.

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

CO2
















2. Manufacturing Industries and Construction
14.93
14.45
14.10
13.81
14.60
14.49
14.14
15.77
15.85
15.82
15.93
13.82
13.20
13.82

a.  Iron and Steel
4.78
4.33
4.33
4.38
4.76
4.42
4.70
5.51
5.51
5.60
5.81
5.54
5.56
6.07

b.  Non-Ferrous Metals
0.15
0.28
0.28
0.18
0.30
0.23
0.34
0.33
0.32
0.22
0.27
0.14
0.12
0.12

c.  Chemicals
1.37
1.63
1.29
1.29
1.28
1.43
1.41
1.34
1.53
1.75
1.77
1.73
1.23
1.31

d.  Pulp, Paper and Print
5.13
5.27
5.27
5.14
5.45
5.57
5.07
5.90
5.54
5.36
5.09
3.83
3.79
3.70

e.  Food Processing, Beverages and Tobacco
0.83
0.79
0.79
0.79
0.78
0.76
0.68
0.61
0.73
0.71
0.61
0.29
0.32
0.30

f.  Other 
2.66
2.15
2.13
2.03
2.03
2.08
1.94
2.07
2.22
2.18
2.37
2.29
2.16
2.33

CH4
















2. Manufacturing Industries and Construction
1.97
1.94
1.93
2.47
2.49
2.66
2.66
2.32
2.30
2.35
2.45
2.08
1.82
1.76

N2O
















2. Manufacturing Industries and Construction
1.07
1.16
0.99
1.02
1.05
1.51
1.45
2.47
2.50
2.34
1.08
0.86
0.83
0.83

3.2.1.2.Methodological issues 
Methods

Emissions from fuel combustion in point sources are calculated with the ILMARI calculation system. All emissions within CRF 1.A 1 and 1.A 2 (except working machinery in the Construction sector) are based on bottom-up data. In the ILMARI system emissions are calculated by a bottom-up method using the annual fuel consumption of boilers and processes. Fuel combustion data is available by boiler/process level and by fuel type. For each point source, SOx, PM, NO2  and CO2 emissions are reported plant by plant. In the ILMARI system, SOx, PM and NO2 emissions are split into each fuel. CO2, N2O, CH4 and NMVOC are calculated based on fuel combustion data. The calculated CO2 emissions from each fuel in a certain plant are summarized and compared to total CO2 emissions reported by the same plant.

The ILMARI system was designed for the calculation of emissions from fuel combustion. ILMARI is closely connected to energy statistics production and has links to economic statistics. The use of bottom-up data for emission calculation (emission data from environmental permits) allows the possibility of taking into account the changes in technology in combustion processes.
Basic calculation formulas used in calculations are the following: 

Carbon dioxide:

E = F * EF(fuel) * OF(fuel), 

Other greenhouse gases:

E = F * EF(technology) 

F = fuel consumption
EF(fuel) = fuel-specific emission factor
OF(Fuel )= fuel-specific oxidation factor
EF(technology) =  technology-specific emission factor
Technology-specific emission factors depend on the type, capacity, main fuel and combustion technology of the power plant/boiler/process as well as on emission reduction equipment (for PM, SOx and NOx).

Calculation of the CO2 emissions is based on a country-specific (Tier 2, Revised (1996) Guidelines) method using detailed activity (fuel consumption) data and fuel-specific emission factors. 

CO2 emissions from coke and residual fuel oil used in the blast furnaces in the iron and steel industry have been allocated to CRF 1.A 2 a Fuel consumption in Manufacturing Industry (instead of CRF category 2.C Industrial Processes).

The SO2 and NO2 emissions are based on the emission data reported by the plants and recorded in the VAHTI database. The emissions are allocated to fuel based emissions (CRF 1) by each fuel and non-fuel-based, i.e. process emissions (CRF 2).

The emissions of CH4, N2O and CO are based on a country-specific method (Tier 2, Revised (1996) Guidelines), using detailed activity data and technology-based emission factors for each boiler or process type (emission factors are available for approximately 250 categories of boilers and processes).
Emission factors and other parameters

Both IPCC default emission factors and national (plant level/activity level) emission factors are used in calculations. CO2 emission factors, oxidation factors and net caloric values for different fuels are presented in Table 3.2_5 below.

Table 3.2_5. CO2 emission factors, oxidation factors and net caloric values by fuel.(Remark: the updated version will be included in the 2006 UNFCCC submission).

g CO2/MJ
kg C/GJ
Ref. *
Oxidation factor
NCV
Unit 
Notes

Gasoline
72.7
19.8
2
1
43.0
GJ/t


Diesel oil
73.0
19.9
2
1
42.8
GJ/t


Light fuel oil (gasoil)
74.1
20.2
1
0.99
42.4
GJ/t


Residual fuel oil
77.4
21.1
1
0.99
40.7
GJ/t
40.5–41.1 GJ/t

Jet fuel
71.5
19.5
1
0.99
42.3
GJ/t


Kerosene
71.5
19.5
?
0.99
43.4
GJ/t


Naphta
72.7
19.8
1
0.99
44.3
GJ/t


LPG
63.1
17.2
1
0.99
45.7
GJ/t


Waste oil
77.4
21.1
4
0.99
40.9
GJ/t


Refinery gas
65.0
17.7
7
0.99
47.5
GJ/1 000 m3


Refinery coke
97.0
26.5
7
0.99
33.3
GJ/t


Hard coal
94.6
25.8
1
0.99
25.5
GJ/t


Coke
108.0
29.5
1
0.98
29.3
GJ/t


Anthracite and briquettes
94.6
25.8
1
0.98
33.5
GJ/t


Blast furnace gas
0.0
0.0
9

3.8
GJ/1 000 m3


Coke oven gas
40.5
11.0
7
0.98
16.7
GJ/1 000 m3


Natural gas
56.1
15.3
1
0.995
36.0
GJ/1 000 m3


Peat 
106.0
28.9
1
0.99
10.1–12.3
GJ/t


Fuelwood, bark, wood chips, sawdust
109.6
29.9
1
0.99


varying NCVs

Other residues from wood proc. industry
109.6
29.9
5
0.99


varying NCVs

Black liquor
110.0
30.0
3
0.99
12.6
GJ/tdm


Sulphite liquor
112.0
30.5
3
0.99
9.9
GJ/tdm


Malodorous gases from wood proc. industry
59.0
16.1

0.99
44.9



0-fibres / biosludge
109.6
29.9
5
0.99
5.4
GJ/t


Waste paper
109.6
29.9
5
0.99
14.0
GJ/t


Municipal waste
31.8
8.7
10
0.99
10–21
GJ/t
share of fossil carbon

Construction & demolition waste
31.8
8.7
10
0.99
10.0
GJ/t
share of fossil carbon

Industrial waste
75.0
20.5
8
0.99
42.9
GJ/t


Plastic waste
74.1
20.2
6
0.99
40.0
GJ/t


Other wastes
75.0
20.5
8
0.99
8.8
GJ/t


Other fuels


6
0.99
5–40
GJ/t
74–150 g CO2/MJ

* 1 IPCC Guidelines 1995, 2 VTT, LIISA model, 3 Boström et al. 1992, 4 Assumed same as for residual fuel oil, 5 Assumed same as for fuelwood, 6 Depends on type of fuel; assumed same as for corresponding fuels, 7 Plant-specific data, 8 Reference not specified (expert estimation), 9 Assumed zero to avoid double-counting (CO2 emissions from blast furnaces included in coke and RFO used in these plants), 10 Expert estimate by VTT and Statistics Finland. 
The CH4, N2O, CO and NMVOC emission factors used in the Finnish inventory are largely based on the compilation of research data by Prosessikemia Oy (Boström et al. 1992; Boström 1994) in the inventory calculations for the year 1990 for Finland’s first national communication to the UNFCCC. The emission factor database from Prosessikemia Oy has been expanded to fit ILMARI’s more detailed classification of boilers and processes. As new boiler types have been included in the boiler database, the emission factors have been determined on the basis of expert opinion (when no data has been available from other sources). In the future, emission factors have to be checked against the Revised 1996 IPCC Guidelines and new data from national research.

Emission factors for small combustion are partly IPCC default and partly taken from the reference Boström et al. (1992).

CH4 and N2O emission factors by main category/fuel are presented in Table 3.2_6.

There is a research study going on at VTT Technical Research Centre of Finland to evaluate the non-CO2 emission factors used in the Finnish inventory. The results of this study will be used in recalculation of time series and the CRF tables will be updated in the 2006 submission.

Table 3.2_6. CH4 and N2O emission factors of stationary sources in the ILMARI calculation system.
Combustion technique code
Main category / main fuel code
CH4
kg/TJ
N2O

kg/TJ

8
CFB
10
Coal fired boiler(> 80% coal)
4–5
70



40
Peat fired boiler (> 80% peat)
2–7
30



84
Multi-fuel/peat fired boiler (> 50% peat)
5
30



50
Wood/bark fired boiler (> 80% wood)
30
10



85
Multi-fuel/wood/bark fired boiler (> 50% wood)
4–35
10



88
Multi-fuel fired boiler
30
30

7
BFB
10
Coal fired boiler(> 80% coal)
5
70



40
Peat fired boiler (> 80% peat)
2–7
2



84
Multi-fuel/peat fired boiler (> 50% peat)
2–5
2



50
Wood/bark fired boiler (> 80% wood)
30
2



85
Multi-fuel/wood/bark fired boiler (> 50% wood)
4–35
2



88
Multi-fuel fired boiler
15
2

14
PFB
81
Multi-fuel/coal fired boiler (> 50% coal)
4
2

3
Stoker, grate
10
Coal fired boiler(> 80% coal)
4–8
4



40
Peat fired boiler (> 80% peat)
2–7
2



84
Multi-fuel/peat fired boiler (> 50% peat)
2–15
2



50
Wood/bark fired boiler (> 80% wood)
30–50
2



85
Multi-fuel/wood/bark fired boiler (> 50% wood)
20–35
2



88
Multi-fuel fired boiler
10–35
2

1, 4, 5
Burners
10
Coal fired boiler(> 80% coal)
4
2



30
Oil fired boiler(> 80% oil)
8
2



40
Peat fired boiler (> 80% peat)
2–7
2



50
Wood/bark fired boiler (> 80% wood)
50
2



60
Gas fired boiler (> 80% gas)
3
1



70
Soda recovery boiler (> 80% black liquor)
1
1



81–88
Multi-fuel fired boiler
2–50
1–2

10
Gas turbine
121
Gas turbine plant (oil)
8
1



122
Gas turbine plant (gas)
3
1

10x12
Gas turbine (Combined cycle)
130
Gas turbine /Combined cycle
3
1

11
Diesel engine
141
Diesel power plant (oil)
2
31

11
Diesel engine
142
Diesel power plant (gas)
2
31

115
Internal combustion engine (Otto)
143
Other combustion engine power plant
2
31


Other combustion (not specified)
90, 150 
Not specified
8–10
2



91
Mesa kiln
8
2



92
Hospital waste incineration
8–50
2



93
Asphalt station
8
2



94
Coking plant
0
2



95
Drying oven
8
2



96
Blast furnace
0
2



97
Sinter plant
4
2



98
Rolling mill
0
2



99
Melting oven
0
2



100
Brick furnace
8
2



101
Cupola oven
8–10
2

Activity data 

Activity data for the ILMARI calculations are collected from several data sources. The detailed bottom-up data for point sources is collected mainly from the VAHTI system - the Compliance Monitoring Data system of Finland’s environmental administration. Supplementary data is obtained from other plant level data sources. The VAHTI system functions as a tool for the 13 Finnish regional environment centres in their work on processing and monitoring environmental permits. The data system contains information on the environmental permits of clients and on their wastes generated, discharges into water and emissions to air. More detailed description of VAHTI data base is included in Annex 3.
The VAHTI data contains, for example:

- basic data

identification of plants, location etc.

- technical data
boiler or process type, emission reduction equipment, capacity, etc.

- fuel consumption data
fuels used by individual point sources (power plant units, boilers, industrial 





processes etc.)

- emission data
annual emissions from these point sources.
The VAHTI database includes the most detailed (boiler/process level) data, which allows emissions calculation using technology-specific emission factors for non-CO2 emissions. There are numerous emission components reported directly in the VAHTI system; CO2, SOx, NO2, PM emission data is used as input for the ILMARI system. This input data from the VAHTI database is supplemented with plant level data taken from other sources like:

- industrial fuel consumption statistics (census by Statistics Finland)

- electricity and heat production statistics (census by Adato Energia and Statistics Finland)

- district heating statistics (census by Finnish District Heating Association)

- structural business statistics (survey by Statistics Finland)

- business register (by Statistics Finland).

Individual plants and boilers from the VAHTI data are linked to statistical data collection units (local kind-of-activity unit) to allow comparisons to: e.g. fuel consumption census and business surveys made by Statistics Finland. This linking enables the use of standard classifications; for example, NACE code, which is a pan-European classification system of business activities. Fuel codes used in the VAHTI database are also linked to national fuel classification. 
The total number of plants (sites) included in the ILMARI system is ~1000, including ~2000 individual combustion units. 

The fuel consumption in Energy industries and manufacturing industries and construction is presented in Table 3.2_7 next page. Peat, being quite an important domestic fuel in Finland, is included in “Other fuels”.

Table 3.2_7. Fuel consumption in Energy industries (CRF 1.A 1) and Manufacturing industries and construction (CRF 1.A 2) in 1990-2003 (PJ).

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

1.A 1
















Liquid Fuels
36. 1
39.3
37.3
37.0
44.4
41.2
43.6
36.4
38.9
39.2
34.6
39.8
42.3
42.3


Solid Fuels
100. 6
100.1
82.1
102.4
138.5
107.0
152.0
132.2
89.6
91.0
87.9
111.4
130.3
188.0


Gaseous Fuels
47. 6
49.7
53.7
55.9
62.6
63.6
70.2
71.6
84.9
85.2
89.1
105.3
104.7
121.5


Other Fuels
37. 6
43.0
43.0
48.1
53.1
58.6
62.7
57.4
54.4
49.5
41.3
74.2
77.9
87.8

1.A 2
















Liquid Fuels
65.8
60.5
61.1
59.3
61.0
57.8
57.1
62.4
63.6
65.0
65.5
60.8
60.6
64.5


Solid Fuels
65.8
62.4
59.9
59.0
75.0
70.9
68.7
74.4
59.2
58.7
61.0
56.0
54.2
55.8


Gaseous Fuels
38.3
47.6
47.6
44.6
43.4
46.3
42.9
42.7
48.0
48.4
50.6
40.1
39.7
39.2


Other Fuels
15.2
14.5
13.5
14.8
18.2
19.3
20.9
28.6
26.5
26.0
24.5
17.4
16.1
15.2

3.2.1.3. Uncertainties and time-series consistency

Uncertainty in CO2 emissions from fuel combustion was estimated at an aggregated level (CRF 1.A). Uncertainty in CH4 and N2O emissions was estimated on CRF levels 1.A 1, 1.A 2 and by fuel type (solid, liquid, gaseous, biomass, other).

Uncertainty in fuel combustion (CRF 1.A) in total was -2 to +3% in Finland in 2003. In Finland, all fossil fuels (oil, natural gas, coal) are imported, and import and export statistics are fairly accurate. Uncertainty in the activity data of oil, gas and coal on national level was estimated based on differences between top-down and bottom-up approaches, as described by Monni (2004). In addition, uncertainties in activity data were estimated as rather small (±1-2%) for solid, liquid and gaseous fuels in large installations (CRF 1.A 1 and 1.A 2). 

The uncertainty in the use of peat fuel or biomass cannot be estimated by using differences between different statistics. Peat is an entirely a domestic fuel, and therefore there is not any import figure with which the fuel use could be compared. Uncertainty in peat fuel and biomass use contains larger uncertainties than the use of fossil fuels at a national level. These uncertainties were estimated at a level of CRF categories 1.A 1, 1.A 2, 1.A 4 and 1.A 5. Estimates were based on expert judgement (see Monni & Syri, 2003; Monni, 2004). For peat, uncertainties are estimated at ±5%. The uncertainties in biomass use are estimated larger (±15-20%). This is because the energy content of different biomass types varies quite a lot, and because industrial plants, e.g. pulp and paper mills, burn product residues – the amount of which is not as exactly known as the amount for commercially traded fuels. 

In fuel combustion, the CO2 emission factor mainly depends on the carbon content of the fuel instead of on combustion technology. Therefore, uncertainty in CO2 emissions was calculated at a rather aggregated level, i.e. by fuel type rather than by sector. Uncertainties in CO2 emission factors of oil, gas and coal are rather small (±1-3%), because the carbon content of these fuels is rather constant, and carbon is nearly completely oxidised in combustion. 

Uncertainty in the CO2 emission factor for peat may be larger than for fossil fuels, because the moisture and carbon content of peat fuel varies. This variability was estimated using the results from a measurement project done at VTT Processes (Vesterinen, 2003). In the study, the CO2 emission factor for peat combustion was measured from five different power plants. The selected power plants were located in different sites in Finland. Therefore, the peat they use represents rather well the variation in peat quality in geographically different locations in Finland. The uncertainty estimate was based on variation of the measured emission factors, and was ±5%.

Emission factors for CH4 and especially N2O from combustion are highly uncertain. The nitrous oxide emission factor depends strongly on combustion technology. For example, fluidised bed combustion has higher N2O emissions than conventional combustion technologies. The emissions are also strongly dependent on fuel type, boiler design and maintenance and process conditions (e.g. temperature and residence time in furnace, air fraction, NOx-control techniques). Therefore it is difficult to give representative average emission factors for these gases. The current uncertainty estimates are based on IPCC default uncertainties, scarce measurement data and expert judgement. 

There is currently an on-going project on CH4 and N2O emission factors from stationary sources in Finland. The results of the project (compiled by VTT) will give new recommendations for emission factors in the inventory. In addition, the results will give new information on the uncertainties of these emissions. A measurement project that begun in March 2005 (compiled by VTT) will also give new information on the emission factors and their uncertainties for the next inventory submission. 

The Monte Carlo simulation has been used to combine the uncertainties of each calculation parameter in order to get the total uncertainty of the source category. A detailed description of uncertainty analysis has been presented in Monni & Syri (2003) and Monni (2004).

Some classifications have been revised (for example, NACE instead of the previous national industrial classification). This has caused some inconsistency in the allocation between the sub-sectors 1.A 1 and 1.A 2. (2000-2001).
3.2.1.4. Source-specific QA/QC and verification

There are numerous automatic and manual QC procedures, which are used in the ILMARI system. The documentation of these procedures is going on and will be reported in the following submission.

Each year the latest inventory calculations (activity data and CO2 emissions) are crosschecked against national energy balance. There is a reference calculation based on energy balance, showing activity data (PJ) and CO2 emissions.

The crosschecking of technology split for point sources (CRF 1.A 1 and 1.A 2) activity data was ongoing in 2004.
3.2.1.5. Source-specific recalculations

No recalculations were made in this submission.

3.2.1.6 Source-specific planned improvements
As emissions from fuel combustion are by far the largest source of greenhouse gas emissions in Finland, there are several planned and on-going projects to improve their inventory.

The main themes are:

- Development of a time series database
- Updating point sources activity data time series
- Updating point sources CH4 and N2O emission factors (see previous chapter)
- Updating point sources classifications (NACE, CRF)
- Reallocation of coke in iron and steel industry

Point sources’ activity data, emission factors and emissions are under revision/recalculation. The results will be available in 2005 and reported in the 2006 submission. This recalculation will remove inconsistencies that were found in the reviews.
3.2.2. Transport (CRF 1.A 3)

3.2.2.1. Source category description 

Emissions from Transport (CRF 1.A 3 ) include all domestic transport sectors: road transport, civil aviation, domestic navigation, railways and mobile sources (which are not included in other sectors) (Table 3.2_8). Road transport includes all transportation on roads in Finland. Types of vehicles with combustion engines are: cars, vans, buses and coaches, lorries and articulated vehicles, motorcycles and mopeds. The source category does not cover farm and forest tractors driving occasionally on the roads because they are included in other sectors (agriculture, industry etc.) or military vehicles. Railway transport in Finland includes railway transport operated by diesel locomotives. Domestic navigation includes the most important domestic waterway transport in Finland: sea going ships, icebreakers, working boats and leisure boats. (Fishing boat emissions are included in the agriculture sector.). Emissions from civil aviation include all domestic civil aviation transport within Finnish flight information regions (FIRs): jet and turboprop powered aircraft (turbine engined fleet) and piston engined aircraft. Helicopters are not included in the calculations due to the small number of flights and the lack of emission factors.

Greenhouse gas emissions from the transport sector have remained rather constant since 1990. In 1990, emissions from the transport sector were 17.5% of the total greenhouse gas emissions in Finland. In 2003, the corresponding figure was about 16%.
Table 3.2_8. Emissions from the Transport sector in 1990-2003 by subcategories. 

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

CO2 (Tg)















3. Transport
12.32
12.01
11.95
11.52
11.88
11.68
11.63
12.17
12.34
12.58
12.46
12.58
12.81
13.07

a.  Civil Aviation
0.32
0.31
0.29
0.28
0.28
0.29
0.31
0.31
0.37
0.37
0.37
0.36
0.31
0.32

b.  Road transport.
10.80
10.50
10.46
9.99
10.32
10.18
10.11
10.61
10.70
10.89
10.80
10.98
11.21
11.45

c.  Railways
0.19
0.18
0.18
0.20
0.21
0.19
0.17
0.18
0.17
0.17
0.16
0.14
0.13
0.13

d.  Navigation
0.36
0.37
0.37
0.40
0.44
0.40
0.43
0.44
0.46
0.50
0.48
0.44
0.50
0.52

e.  Other  trans.
0.64
0.65
0.65
0.64
0.63
0.62
0.61
0.62
0.63
0.65
0.65
0.66
0.66
0.65

CH4 (Gg)















3. Transport
4.91
4.65
4.54
4.36
4.19
4.05
3.89
3.75
3.65
3.53
3.35
3.23
3.15
2.79

N2O (Gg)















3. Transport
0.56
0.63
0.70
0.76
0.82
0.90
0.97
1.08
1.19
1.30
1.39
1.48
1.60
1.71

3.2.2.2. Methodological issues

In the Finnish calculation system, the separate models are developed for different sectors of transport, allowing the use of traffic data and transport equipment fleet. Aggregate transport  is originally calculated by the detailed transport calculation models LIPASTO of the Technical Research Centre of Finland (VTT Finland). The calculation system LIPASTO covers emissions and energy consumption of all traffic modes in Finland. 

The LIPASTO system is comprised of four sectoral sub-models:

- road transport emissions model LIISA 
- civil aviation emissions model ILMI 
- domestic navigation emissions model MEERI  and 
- railways emissions model RAILI 
 

In addition, the TYKO model of Technical Research Centre of Finland estimates emissions and energy consumption of off-road machinery.

VTT Finland and FCAA are responsible for running the calculation models of mobile sources’ emissions. Statistics Finland is responsible for combining the results of these models to CRF sector 1.A Fuel combustion and to national energy balances. All emissions components are calculated with the same level of details (subsector, fuel type). 

The fuel consumption in transport sector in 1990-2003 can be seen in Table 3.2_9 below.

Table 3.2_9. Fuel consumption by fuel type in transport in 1990-2003 (PJ)

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

1.A 3















Gasoline
85.9
87.2
87.2
82.1
83.9
81.7
80.7
82.6
82.7
81.8
78.9
79.7
80.6
78.8

Diesel
81.9
77.8
77.0
76.0
79.2
77.2
79.0
84.5
86.8
90.9
92.1
93.0
95.2
97.4

Natural Gas







0.0
0.0
0.0
0.0
0.1
0.1
0.1

Road transportation

Methods

Emission calculations from road transportation are made using the road traffic emission model LIISA, which is a part of the model for all transport modes, LIPASTO. The calculations comprise the emissions of CO2, CH4 and N2O. The methods are, in general, consistent with the IPCC Guidelines.

Calculation of CO2 emissions is based on fuel consumption of road vehicles and the fixed emission factors. (The calculation model is described in the annex in the end of the Chapter 3). The definition of consumption of fuel on the country level is based on fuel sales. Road traffic in Finland uses basically two different fuels, reformulated gasoline and diesel oil. Besides road traffic use, the gasoline sold in Finland is also used in working machines and leisure boats and hence the amount of gasoline used for other purposes than road traffic is deducted from the total sales of gasoline before the emission calculation. The highly taxed diesel fuel sold in Finland is used almost exclusively by road traffic. The amount of fuel imported in fuel tanks of vehicles from other countries is estimated to be small. The use of natural gas in road traffic in Finland is very small and is not included in the LIISA model, but is calculated separately in the ILMARI model. 

N2O and CH4 emissions are calculated for gasoline and diesel vehicles separately. The mileage (km/a) of each automobile type and model year on different road types and in different speed classes are multiplied with corresponding CH4 and N2O emission factors (g/km). Emissions factors are a sum of hot driving, idle and cold start-ups. Finally all emissions are summed up. (The calculation model is described in the annex in the end of the Chapter 3.) 

Motorcycle and moped emissions are calculated using a separate model. The mileage of the two two-wheel types by different road types is multiplied with corresponding emission factors. The mileage [km/a] data for automobiles consists of two main categories: mileage on public roads (roads governed by the Finnish Road Administration (Finnra)) and mileage on streets (governed by municipalities). The accuracy and elaborateness of this mileage data is outstanding. 

Automobile mileage on public roads consists of aggregated kilometres driven by five vehicle types (cars, vans, buses and coaches, lorries and articulated vehicles) on four road types (main roads in built-up area, classified roads in built-up area, main roads in rural area and classified roads in rural area) in six speed limit classes (50, 60, 70, 80, 100 and 120 km/h). This data is very exceptional and also allows detailed calculations to be performed on a smaller area than a country because the detailed data in the model is on the municipality level. For the nation wide calculations mileage is summed up. Normally in other countries, the mileage data is calculated by number of vehicles and their average mileage per year. 

Street mileage is based on a total mileage estimation made in the Finnish Road Administration (Finnra) and crosschecked by the studies made at inspection stations. The estimated street mileage data is further divided into sub types of vehicles based on current fleet composition and information from traffic calculations in some cities (cars to gasoline, cars without catalytic converters, cars with catalytic converters and diesel cars, vans to gasoline vans without catalytic converters, vans with catalytic converters and diesel vans).  Further more mileage is divided according to vehicle age (model year) based on fleet composition thus allowing more precise consideration of engine technology. 

Motorcycle and moped mileage is specified in a separate model using the number of motorcycles and mopeds and estimation of yearly mileage of each two-wheel types on two road types (roads and streets). Mopeds have only one engine type but mileage is further divided according to different emission standards (Euro 1 and Euro 2). Motorcycles have two main types of engines, two-stroke and four-stroke. Mileage is divided into these main types and further to three engine volumes (under 250 ccm, 251-750 ccm and over 750 ccm), and according to emission standards (Euro 1 and Euro 2).

For each automobile type, the amount of idle (min/d) is estimated. The number of cold start-ups per 1000 vehicle kilometres is determined based on a separate research project.

Emission factors are determined for all the activity categories mentioned above.

Activity data

The activity data in CO2 calculation is the amount of fuel consumed in road traffic. Total fuel sales are from statistics gathered by the Finnish Oil and Gas Federation. Fuel sales statistics are very accurate in Finland. Unlike in many parts of Europe where through traffic is heavy, in Finland national fuel sales correspond well with the fuel used in Finland.

The amount of gasoline used in other purposes than for road transportation is deducted from the total sales of gasoline. Gasoline used in working machines is calculated with the TYKO 1999 model. Gasoline used in leisure boats is calculated with MEERI model. High taxed diesel fuel sold in Finland is used almost exclusively in road traffic. 

For modelling purposes, the data is broken down into different vehicle types and road types. However, this does not affect the country level CO2 emission calculation because at the end these sub results are summed up and the total fuel consumption remains unchanged.

For activity data for N2O and CH4 calculations, the Finnish Road Administration (Finnra) has provided the mileage [km/a] on public roads as a database from the road register. Further division to subcategories is done at VTT. Data for total street mileage in Finland is obtained from the Finnish Road Administration. Further division is done at VTT. 

The motorcycle and moped mileage is specified in a separate model using the number of motorcycles and mopeds (from Statistics Finland) and an estimation of the yearly mileage of each two-wheel type on two road types (roads and streets). Before completion of the VTT model (2001), the moped and motorcycle mileages have only been rough estimations.

Road traffic mileage in Finland in 1990-2003 is presented in Table 3.2_10.

Table 3.2_10. Road traffic mileage in Finland [Million km/a]

Year
Cars
Vans
Buses
Lorries
MC+Mopeds
Total

1990
35 757
3 593
660
2 780
467
43 257

1991
35 607
3 610
650
2 530
468
42 865

1992
35 530
3 667
640
2 500
470
42 807

1993
35 156
3 655
639
2 570
463
42 484

1994
34 980
3 626
633
2 582
456
42 277

1995
35 318
3 662
633
2 632
468
42 714

1996
35 595
3 685
635
2 669
478
43 062

1997
36 542
3 744
643
2 750
491
44 169

1998
37 522
3 865
606
2 795
515
45 303

1999
38 622
3 966
596
2 867
556
46 606

2000
39 257
4 033
596
2 807
607
47 300

2001
40 122
4 106
593
2 834
663
48 319

2002
41 100
4 153
598
2 905
733
49 489

2003
41 992
4 217
568
3 012
812
50 601

The source of the number, types and age of vehicles is the Finnish vehicle register (data obtained from Statistics Finland, the register is maintained by the Finnish Vehicle Administration).

The number of cold start-ups is based on research carried out at VTT.

Emission factors and other parameters

CO2 emission factors are based on national figures (Table 3.2_12). They differ slightly from those expressed in IPCC guidelines. The difference is small. The emission factors are based on production analysis in Fortum Oil and Gas laboratories. Fortum is the leading company in oil product manufacturing in Finland (market share over 90%). Reformulated gasoline and diesel oil have different CO2 emission factors. The same emission factor is used for both gasoline types E95 and E98. 

Table 3.2_12. CO2 emission factors, Net caloric value and Density used in calculation of emissions from road transportation.
Fuel type
Emission factor

g/kg fuel
Net caloric value TJ/kilotonne fuel
Density

kg/m3 fuel

Gasoline E95 and E98
3133
43.0
750

Diesel oil
3148
43.0
845

Emissions factors for CH4 and N2O are a sum of hot driving, idle and cold start-ups. The emission factors are based on VTT research and last updated in 2001.

Railway transportation

Methods

Calculations of emissions from railway transportation are made using the railway traffic emission model RAILI, which is a part of the model for all transport modes LIPASTO. Calculation comprises the emissions of CO2, CH4 and  N2O.  In the RAILI model emissions are calculated by multiplying the amount of fuel used (kg) with emission factors (g/kg fuel). (The calculation model is described in Annex in the end of the Chapter 3). The calculation method is in general consistent with the IPCC Guidelines. The method is widely used.

The amount of fuel used is calculated separately for passenger transport, freight transport and locomotives without wagons and for rail yard operations. To include the mobilisation time of the fleet, preparation and finishing times and extra transfer of the fleet, the amount of fuel is multiplied by a factor. This factor is based on an earlier study where the total energy use of these activities was calculated and then divided with the total amount of tonne kilometres resulting in a factor for the extra fuel consumption per tonne kilometre.

Activity data

Activity data consists of gross tonne kilometres for 10 train weight classes on all rail sections (229 sections). Shunting locomotive use is expressed as time (h/a) in all rail yards. There are 4 separate diesel locomotive types in the model and 10 train weight classes for both passenger and freight transport. For every locomotive type, specific energy consumption (litre/gross tonne km) has been determined. Shunting locomotive consumption is determined as litres per hour. Emission factors are expressed as grams per kg fuel used for every compound.

Emissions from wagon heating and the use of aggregates (for electricity production) are calculated by multiplying gross tonne kilometres with emission factors for wagon heating and aggregates. 

Fuel oil consumption in railway transportation in Finland is presented in Table 3.2_11. 

The gross tonne kilometre database and shunting locomotive statistics originate from VR Ltd, the only railway operator in Finland.

Table 3.2_11. Fuel oil consumption in railway transportation in Finland [tonnes/a]
Year


1990
60 764

1991
57 792

1992
59 309

1993
65 628

1994
67 457

1995
62 576

1996
57 152

1997
60 871

1998
57 360

1999
55 156

2000
52 298

2001
46 175

2002
44 305

2003
44 082

Emission factors and other parameters

The emission factors used in  the calculation of emissions from Railway transportation are presented in Table 3.2_13. The emission factors of CH4 and N2O are based on international measurements and IPCC guidelines. The N2O emission factor for wagon heating (0.0071 g/kg fuel) is derived from EPA (residential furnace). CO2 factor is based on national figure. The factor slightly differs from that expressed in IPCC guidelines (3140 g/kg fuel) but the difference is small. The factor has been obtained from the production analysis by Fortum Oil and Gas laboratories. Fortum is the leading company of oil product manufacturing in Finland (market share over 90%). 

Table 3.2_13. Emission factors used in  the calculation of emissions from Railway transportation

Fuel type
CO2  emission factor g/kg fuel
N2O emission factor g/kg fuel
CH4 emission factor g/kg fuel
Net caloric value TJ/kilotonne fuel

Density

kg/m3 fuel

Fuel oil
3195
0.0854
0.1708
42.7
845

Emissions of CH4 and N2O are the first time calculated in the RAILI model for the year 2003. Formerly they were calculated in the ILMARI model in the Statistics Finland. ILMARI results have been updated to be consistant with RAILI 2003 data.

As the N2O emission factor for all non-road diesel engines in previous inventories, the IPCC’s emissions factor for European mobile sources and machinery (1.3 g/kgfuel) has been used (Table 1-49) (IPCC 1997). Compared to the same factor for US Non-Road Mobile Sources (0.08 g/kgfuel) (Table 1-47), the factor for Europe proved to be 16 times higher. According to the international measurement data obtained so far, the US value seems to be more accurate and are in line with automobile engines.
Domestic navigation
Methods
Calculations of emissions from civil navigation are made with the waterway traffic emission model MEERI, which is a part of the model for all transport modes LIPASTO. Calculation comprises emissions from CO2, CH4 and N2O. 

In the MEERI model, emissions are calculated by multiplying the amount of energy used (kWh) by corresponding emission factors (g/kWh). However, emissions from icebreakers and working boats are calculated by multiplying the amount of fuel used (kg/a) by emission factors (g/kg fuel).

The activity data of ships driving in shipping channels outside ports (km/a) is calculated using the number of port visits and the distances between the ports (km). The total energy use (kWh) is calculated for every ship type using the data on engine power (kW), engine load (%) and speed (km/h). 

For calculating emissions in ports, time (h) of manoeuvring and berthing are determined. Using engine power (kW), engine load (%) and time (h) taken for manoeuvring and berthing, the total energy use in the ports (kWh) is calculated for every ship type. The total emissions are obtained by multiplying the total energy use (kWh) of ships by the emission factors (g/kWh) of different engine types (2- and 4-stroke and auxiliary engines) (g/kWh). Emission factors are at the year 1996 level but correction factors are used to update factors to date.

Icebreaker emissions are calculated by using total fuel consumption (from statistics) and corresponding emission factors.

Leisure boat emission calculations are based on the use of energy (kWh) and corresponding emission factors (g/kWh). Energy use is calculated by boat category (6), engine type (4), average engine power class (10) (kW), engine load (%) and average operation time per year (h/a). The total emissions are calculated by multiplying the total energy use (kWh) of engine types and corresponding emission factors (g/kWh). 

The total emissions of working boats are calculated by multiplying the total fuel use (kg/a) of boats by emission factors (g/kg fuel). Fuel consumption of working boats is calculated using the number of boats in different boat categories, engine power classes (kW) and average fuel consumption of a corresponding boat per year (kg/boat/a).

Calculation models are described in annex in the end of Chapter 3. 

Activity data

A detailed database on every ship visit in Finnish ports is obtained from the Finnish Maritime Administration. The database includes data on ship type, age, size (GRT), engine power (both main engine and auxiliary engine), speed, load, port, previous port, destination, nationality, and trip type (domestic/international).

Data on total fuel consumption of icebreakers is obtained from the Finnish Maritime Administration. 

The number of working boats is obtained from different official organisations (e.g. customs, sea rescue).

The number of bigger leisure boats is obtained from the Finnish Boat Register, the number of smaller boats is an estimation based on earlier studies. Boat Register data includes information on type of engine(s), engine power and age.
The database from the Finnish Maritime Administration is analysed to produce power and speed classes for the ships. In addition, origin-destination matrices are produced using the data.

The Finnish Maritime Administration's database is very accurate and detailed. The Boat Register is the best available source for boats.

Emission factors and other parameters

The CH4 and N2O emission factors for ships are the IPCC  values for Ocean-going ships (IPCC 1997, Table 1-48). CO2 emission factors are based on national figures. They differ slightly from those expressed in the IPCC Guidelines. The difference is small. The emission factors are based on production analysis in Fortum Oil and Gas laboratories. Fortum is the leading company of oil product manufacturing in Finland (market share over 90%). 

The CH4 and N2O emission factors for working boats and leisure boats are based on international and national sources.

The emission factors, net caloric values and densities used in the calculation of emissions from domestic nagigation are presented in Table 3.2_14. below.

Table 3.2_14. Emission factors, net caloric values and densities used in the calculation of emissions from domestic navigation.
Fuel type
CO2  emission factor g/kg fuel
N2O emission factor g/kg fuel
CH4 emission factor g/kg fuel
Net caloric value TJ/kilotonne fuel

Density

kg/m3 fuel

Gasoline
3133
0.039
3.76
43.0
750

Gasoil
3195
0.0854
0.1708
42.7
845

Heavy fuel oil HFO
3238
0.082
0.287
41.0
970

Civil aviation

Methods

Gaseous emissions and energy consumption of civil aviation within Finnish flight information regions have been calculated using ILMI calculation model (Figure 3.2_3). The model is meant for emission studies on jet and turboprop powered aircraft (turbine engined fleet). Furthermore, it includes a simplified routine for estimating emissions from piston engined aircraft. ILMI model is a sub model of the LIPASTO calculation system. The sub model has been prepared by the Civil Aviation Administration (CAA) and the data is fed to the LIPASTO system. 

Main part of the model has been produced in the years 1994 and 1995 and the project has been part of research programme MOBILE of the Ministry of Trade and Industry. This project has been published as a report (Savola M. & Viinikainen M 1995), (in Finnish only) where calculation method has been described more closely. The model is updated by the Civil Aviation Administration (CAA) annually with data of the previous year. The calculation application itself is not meant for public use. 

The methane, nitrous oxide, carbon dioxide and sulphur dioxide  emissions from jet and turboprop powered aircraft are calculated directly from the estimated fuel consumption. Emission factors for the CH4 and N2O are taken from Revised 1996 IPCC Guidelines (IPCC 1997).

The calculated emissions of  jet and turboprop powered aircraft include nitrogen oxides (NOx), carbon monoxide (CO) and unburned hydrocarbons (HC). Also fuel burn is assessed. The methodology is based on traffic statistics, aircraft performance data and engine emission factors from the ICAO (International Civil Aviation Organisation) database. 
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Figure 3.2_3. ILMI calculation model.

Activity data

The used traffic data is taken from CAA’s database for the calculation year. The data includes fields for:

- Aircraft type

- Engine type 

- Carrier 

- Departure and landing airport 

- Total time of a flight 

- Flight time of a flight inside Finnish FIRs 

- The number of similar flights between airports

In the calculation application each operation is divided into the following flight segments: taxi in, take-off, climb-out, cruise, descent, approach, taxi out. 

The methodology for assessing emission from piston engined aircraft is different from the one used for turbine engined aircraft. It is based on the annually published statistics of total flight hours. The fuel burn and emission indexes used are generalised for two typical reference aircraft types only. Therefore, the results are not as reliable as for turbine engined aircraft.

Emission factors and other paremeters

Emission factors for the CH4 and N2O are taken from Revised 1996 IPCC Guidelines (IPCC 1997).

Other transportation

Methods
The TYKO model from the Technical Research Centre of Finland estimates emissions and energy consumption of off-road machinery, which are reported in sectors 1.A 2f Other / Construction, 1.A 3e Other transportation and 1.A 4c Agriculture/Forestry/Fisheries in the Finnish inventory. The machinery included in the TYKO model is divided in five main categories: Drivable diesel, drivable gasoline, moveable diesel, moveable gasoline and handheld gasoline, totalling 44 different machine types. The model calculates the machinery in the categories mentioned above. The division to different source categories (construction, agriculture, forestry, other) is made afterwards in the ILMARI system (see chapter 3.2.3). As the TYKO model calculates emissions of all off-road machinery in Finland, this model description is valid for all source categories that deal with machinery. The main results of the TYKO model can be seen on the web link: http://lipasto.vtt.fi/tyko/tyko1999results3.xls
Emissions are calculated separately for gasoline, diesel and LPG machinery. The main method is to sum up the product of machinery population, engine power, load factor, activity hours and emission factors. Machinery population is based on the previous year’s population, wastage factor and sales.

The calculation formula, which applies to all off-road machinery in the TYKO model is presented in the annex in the end of the chapter 3.

The calculation method is in general consistent with the IPCC Guidelines. Method is widely used, e.g. in EPA Nonroad model (1998) and CORINAIR Off-Road vehicle and Machines model (1994).

Activity data

Data on machine population is based on the national estimations, machinery registrations, sales figures and knowledge on the life expectancy of machinery. The activity data is based on national and international research.
Emission factors and other parameters

Emissions factors are mainly based on the CORINAIR study: Andrias, A., Samaras, Z. & Zierock, K., The Estimation of the Emissions of 'Other Mobile Sources and Machinery'. Subparts 'Off-Road Vehicles and Machines', 'Railways', and 'Inland Waterways' in the European Union. Final Report. September 1994. Some emission factors are based on the publication: National Nonroad Emission Model. Draft version. U.S. Environmental Protection Agency, National Vehicle and Fuel Emissions Laboratory. USA 1998. Especially the emission factors of small engines are based on national measurements.

3.2.2.3 Uncertainties and time-series consistency
The Monte Carlo simulation has been used to combine the uncertainties of each calculation parameter in order to get the total uncertainty of the source category. A detailed description of the uncertainty analysis has been presented in Monni & Syri (2003) and Monni (2004).
Road transportation

The activity data for fuels used in road transportation is very accurate due to accurate statistics. For the purposes of uncertainty estimate, road transportation is divided into gasoline, diesel and natural gas driven vehicles. For the estimation of N2O emissions, gasoline driven cars are divided into cars with and without catalytic converters. As CO2 emissions mainly depend on carbon content of the fuel, uncertainty in these emissions was estimated at an upper level (CRF 1.A).

Emissions of CH4 and N2O depend on, e.g., driving conditions and hot and cold start-ups, and vary a lot during the driving cycle and between different vehicles. CH4 emission factors are estimated to contain uncertainty of around ±50% based on measurements of hydrocarbon emissions (Tarantola & Kioutsioukis, 2001), and IPCC default uncertainties (IPCC, 2000).

N2O emissions vary more than CH4 emissions, and are highly dependent on the type and age of catalytic converters used. The uncertainty in these emissions is estimated based on different studies and measurements (Pringent & de Soete, 1989; Potter, 1990; Becker et al., 1999; Perby, 1990; Egebäck & Bertilsson, 1983; Odaka et al., 2000; Jimenez et al., 2000; Lipman & Delucchi, 2002; Oonk et al., 2003; Behrentz, 2003). For N2O emission factors, uncertainties are estimated largest for cars with catalytic converters.

Railway transportation

All non-electric locomotives in Finland use diesel/gasoil as fuel. Uncertainty in fuel use is estimated at ±5% based on expert judgement. As the fuel quality is rather constant and carbon in the fuel is nearly completely oxidised, uncertainty in CO2 emissions is estimated to be low. This was also shown in a measurement project of Kymenlaakso Polytechnic (Korhonen & Määttänen, 1999). In the current inventory, CO2 uncertainties are estimated at CRF category level 1.A.  

Uncertainties in CH4 and N2O emission factors are larger than those of CO2. These emissions vary depending on engine design and maintenance, and the start-ups and shutdowns of the engines are likely to affect emissions. Uncertainty in the emission factor for CH4 was estimated based on variation in hydrocarbon emissions in a measurement project (Korhonen & Määttänen, 1999). Uncertainty in the N2O emission factor was based on expert judgement (see Monni et al., 2003) and on uncertainty in emission factors for diesel engines used for other purposes. Reduction of uncertainty in CH4 and N2O emission estimates would require more measurement data and more information on the use of the engines of locomotives (frequency of start-ups, shut-downs etc). But, the importance of these emissions in the Finnish greenhouse gas inventory is very small. 

Domestic navigation
In Finland, fuels used in waterborne navigation include residual oil, diesel/gasoil and gasoline. Gasoline is used mainly by leisure boats. The share of gasoline sold that is used in leisure boats is rather poorly known due to a lack of statistics. Uncertainty in this activity data is estimated at ±20% based on expert judgement. Uncertainty in the use of oil and diesel/gasoil is estimated smaller, ±10%. 

As CO2 emissions mainly depend on the carbon content of the fuel, uncertainty in these emissions was estimated at an upper level (CRF 1.A).

Uncertainties in CH4 and N2O emission factors are larger than those of CO2. These emissions vary depending on engine design and maintenance, and the start-ups and shutdowns of the engines are likely to affect emissions. Measurements done for diesel engines in ships have shown that variation in N2O emissions is larger than in CH4 emissions. Reduction of uncertainty in CH4 and N2O emission estimates would require more measurement data and more information of the use of engines in ships (frequency of start-ups, shut-downs etc).
3.2.2.4 Source-specific QA/QC and verification

A description of source-specific QC-procedures will be added to the forth coming inventory submission.

3.2.2.5 Source-specific recalculations

The time series of transport sub-sectors reported in CRF tables has not been fully consistent in the previous inventories, because emissions in the early 1990s have been originally calculated with the ILMARI system before all parts of the LIPASTO transport models have been available. There has also been some updates in the LIPASTO submodels. 

The emissions from each transport sub-sectors were recalculated in this inventory. Recalculation means that the latest results from the LIPASTO submodels were taken to ILMARI system and reported to CRF tables for each year.

After recalculation fuel consumption, emission factors and emission time series for each transport sector should be consistent. The recalculation also affected to fuel allocation between energy subsectors.

3.2.2.6 Source-specific planned improvements

-

3.2.3. Other sectors and Other (CRF 1.A 4, CRF 1.A 5) 

3.2.3.1. Source category description 

Sub-category CRF 1.A 4 includes emissions from the small combustion of fuels in commercial, institutional and residential sectors and agriculture/forestry/fisheries. In addition, emissions from mobile machinery used in agriculture and forestry are included here, as well as emissions from fishing vessels.

Sub-category CRF 1.A 5 includes fuel combustion in other sectors (military, non-specified use, statistical corrections). Emissions are not split between mobile and stationary, because there is not enough data available.

3.2.3.2 Methodological issues
Methods

Emissions from sub-categories 1.A 4 and 1.A 5 are calculated with the ILMARI system (see chapter 3.2.1).

Activity data
The activity data for sub-category CRF 1.A 4 is taken from annual energy statistics. It covers fuel used for the heating of commercial, institutional and residential buildings, which are estimated by a space heating estimation model run by Statistics Finland. Fuel consumption is estimated using building stock statistics, average specific consumption (MJ/m3, a) and annual heating degree days. 

The fuel consumption data for CRF 1.A 4 is presented in Table 3.2_16.

Table 2. 2_16. Fuel consumption in CRF category 1.A 4

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

1.A 4
















Liquid Fuels
90.8
89.4
90.5
81.0
82.4
75.9
77.1
77.3
78.5
76.8
71.5
75.7
76.8
76.8


Solid Fuels
0.4
0.2
0.4
0.2
0.7
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.3


Gaseous Fuels
1.8
2.2
2.1
2.3
2.4
2.5
2.7
2.7
2.6
2.7
2.7
2.8
3.0
4.0


Other Fuels
1.2
0.9
0.6
0.8
0.7
0.9
1.0
1.0
1.0
1.0
0.9
1.0
1.1
1.6

Activity data for forest machinery and agricultural machinery is taken from the TYKO model by VTT. Activity data for fishing is taken from MEERI model of VTT. (See descriptions in chapter 3.2.2.2). 

Emission factors

Both IPCC and National emission factors are used (Table 3.2_15).

Table 3.2_15. Emission factors of small combustion in the ILMARI calculation system
Small combustion

boilers < 1 MW
CH4
kg/TJ
N2O

kg/TJ
CO

kg/TJ
NMVOC

kg/TJ

Oil
10
2
20
5

Coal
300
4
200
200

Natural gas
3
1
20
5

Peat
300
2
200
200

Wood
300
2
2 100
600

References:
IPCC Table 1–7

Boström (1994)
IPCC Table 1–8

Boström (1994)
IPCC Table 1–10

Boström (1994)
IPCC Table 1–11

Peat: the same EF as for coal

3.2.3.3 Uncertainties and time-series consistency

Uncertainty in CO2 emissions was estimated at an upper level (CRF 1.A). Uncertainty in CH4 and N2O emissions was estimated on CRF levels 1.A 4, 1.A 5 and by fuel type (solid, liquid, gaseous, biomass, other). 

Uncertainties in activity data were based on expert estimates by energy statistics experts for biomass, peat and coal (the significance of which is minor in these categories). The largest uncertainties were estimated for biomass (±25%), because biomass used in households and summer cottages is only partly commercially traded, and because use of biomass is partly estimated based on a model rather than on statistics or surveys. 

In the case of oil and natural gas, fuel use in CRF categories 1.A 4 and 1.A 5 can be rather accurately estimated using information on total fuel balance on a national level (because all these fuels are imported), and on information on fuel use in large installations (CRF 1.A 1 and 1.A 2), which is also rather accurate. The use of this data and its uncertainty also gives an upper bound to the uncertainty in activity data used in CRF categories 1.A 4 and 1.A 5. The calculation method used for the estimation of activity data uncertainty is described in detail by Monni (2004).

Uncertainties in emission factors for CH4 and N2O are high, because these emissions vary largely between different boilers, furnaces etc. Especially in biomass combustion in small-scale applications, CH4 emissions depend much on the fuel and furnace used. There is also very little information available about the emissions from these sources. International data cannot be applied directly, because the design of furnaces, fuel used and the means of combustion vary. To decrease uncertainty, more measurement data would be needed from different types of furnaces. In addition, more data on currently used furnaces and small-scale boilers, and about the amount and type of fuels used, would be needed. 

The Monte Carlo simulation has been used to combine the uncertainties of each calculation parameter in order to get the total uncertainty of the source category. A detailed description of the uncertainty analysis has been presented in Monni & Syri (2003) and Monni (2004).

The consistency of time series has been improved considerably after recalculation (see chapter 3.2.3.5). Both the activity data and emission factors have been checked. It must be noted, however, that category 1.A5 includes residual and statistical corrections, which reflect the problems in the energy balance in some years. Therefore the consistency of this subsector still has some questionmarks .
3.2.3.4 Source-specific QA/QC and verification
There are numerous automatic and manual QC procedures used in the ILMARI system. The documentation of these procedures is ongoing and will be reported in the following submission.

Each year, the latest inventory calculations (activity data and CO2 emissions) are crosschecked against the national energy balance. There is a reference calculation based on energy balance, showing activity data (PJ) and CO2 emissions.
3.2.3.5. Source-specific recalculations

The time series of sub-sectors 1.A 4 and 1.A 5 reported in CRF tables has not been fully consistent in the previous inventories, because emissions in the early 1990s have been originally calculated with the ILMARI system before Statistics Finland’s space heating energy calculation system and VTT’s LIPASTO transport models have been available. There has also been some updates in these models. 

The emissions from each sub-sector of 1.A 4 and 1.A 5 were recalculated in this inventory. Recalculation means that the latest results from heating energy calculation system and LIPASTO submodels were taken to ILMARI calculation and reported to CRF tables for each year.

Allocation of heating fuels to residential, commercial/institutional and agricultural buildings and  was extrapolated from 1995 to 1990, because the space heating calculation system starts from 1995. 

The recalculation takes into account the changes in:


- total activity (fuel consumtion) with certain fuels


- the allocation of fuels between subsectors


- emission factors for each subsector.

3.2.3.6 Source-specific planned improvements
-

3.3 Fugitive emissions from fuels (CRF 1.B)

3.3.1 Overview of the sector

Description

Under fugitive emissions from fuels, Finland reports CO2 and CH4 emissions from peat production, CH4 emissions from oil refining, CH4 emissions from gas transmission and distribution, and CO2 emissions from flaring at oil refineries and petrochemical industry.

CH4 emissions from oil refining and gas distribution are estimated for the first time. Emissions from flaring include now also flaring in the petrochemical industry. Emissions from gas transmission and flaring have been reallocated. Emissions from gas transmission were previously reported under CRF 1.B 2 b iii Other leakage, and emissions from flaring under Combined venting and flaring. All changes have been made for the whole time series. 
Finland reports the CO2 and CH4 emissions from peat production areas under Energy sector’s fugitive emissions (not under the Wetlands category in LULUCF sector) as the emissions arise from production and processing of fuels mainly, only a minor part of the peat is used for horticultural and other similar purposes. Emissions from peat production areas have been recalculated since the previous inventory submission. More specific annual area data have become available for the current submission. In previous inventories, an area of  150 000 ha of former arable peatlands, which are no longer under active agricultural cultivation, were assumed to be potential reserves for future peat production. Emission from these lands were included as part of the fugitive emissions from peat production areas (Pipatti 2001). In reality, these areas (150 000 ha) are not in the possession of peat mining industry and/or are not prepared for peat extraction. In the current inventory submission fugitive emissions from peat proction include only emissions from actual peat extraction areas (active and temporarily set-aside peat extraction fields) and from abandoned, emptied non-vegetated peat extraction areas, where mining has stopped. 

Quantitative overview

Fugitive emissions from fuels comprise about 0.7% of total greenhouse gas emissions in Finland. Emissions from peat production sites dominate this category comprising about 80% of the Fugitive emissions reported in the Finnish Inventory. Emissions from oil and gas have fluctuated some what (Table 3.3_1). Carbon dioxide emissions from peat extraction have had increasing trend, but in recent years emissions have been rather stable and dropped in 2003. Emissions from peat extraction follows the changes in area under peat production.

Table 3.3_1 Fugitive emissions from oil, gas and peat production (Gg).

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

CO2















Flaring  (1.B 2 c)
123
115
121
172
72
81
72
122
71
61
65
58
68
63

CH4















Oil refining (1.B 2 a)
0.36
0.38
0.37
0.35
0.42
0.4
0.44
0.4
0.47
0.46
0.45
0.42
0.46
0.46

Natural gas (1.B 2 b)
0.17
1.6
2.3
3.1
3.4
3.4
3.5
3.0
3.0
2.4
2.2
2.8
2.3
2.5

CO2 
Peat production


503
510
532
540
557
563
574
583
582
587
582
575
594
547

CH4
Peat production
0.25
0.26
0.27
0.27
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.29
0.27

Total CO2 eq
643
672
714
790
715
730
734
783
732
713
708
680
725
677

Key Kategories

CO2 emissions from peat extraction was found to be a key kategory in 2003 both by level and trend with and without LULUCF-sector.

3.3.2. Solid fuels (CRF 1.B 1)

3.3.2.1. Source category description

Fugitive emissions from solid fuels in Finland include the fugitive CO2 and CH4 emissions that arise from peat production. The current inventory includes emissions from the actual production areas including area of active and temporarily set-aside peat extraction fields and abandoned, non-vegetated peat extraction areas.

There are no coal mines in Finland.

3.3.2.2 Methodological issues
Methods

The emissions are calculated by multiplying area estimates with national emission factors. CO2 emission factor describing the changes in soil organic matter due to oxidation of peat in the aerobic layer on the land during the peat extraction is revised for the current submission. The reviese emissions factors are based on preliminary results from the Finnish research programme "Greenhouse Impacts of the Use of Peat and Peatlands in Finland” (2002 - 2005). The result of the programme will be published in the end of 2005. Also emissions of stockpiles and ditches are included in the calculations. The removal of the peat is covered by the estimates of peat combustion in Energy sector. Emission factor for CH4 is the same as used in previous inventories. Annual activity (area) data is received from the Association of Finnish Peat Industry.   

Emission factors and other parameters

Carbon dioxide evolution from the soil follows to a large extent the dynamics of the soil surface layer temperature and soil moisture. Therefore, a statistical relationship of CO2 evolution with soil temperature at  5 cm depth and position of the water table was established. It is assumed that the sites studied represent the behaviour of similar sites elsewhere in Finland, but the summertime (snow-less period) CO2 emission controlled by temperature and soil moisture regimes typical for the location. Using that assumption, regional weather dependent emission factors were generated. The regional weather patterns were obtained from long-term (30 year) weather statistics, and the daily and hourly temperatures were generated using a weather simulator to correspond to the measured long-term average monthly temperatures. Wintertime (snow-covered period) gas emissions were calculated using the averages of observed values. The soil moisture was accounted for by computing the CO2 emissions for several static summertime water table values separately in order to find reasonable extreme values (close to minimum and maximum) for the emissions integrated over the year.

Emission factors for CO2 were computed for 11 locations (weather stations) in Finland. The locations were pooled into climatic zones and the corresponding summertime CO2 emissions averaged over the zone. Three zones were defined: North boreal, Middle boreal and South boreal. Separate CO2 emission factors are provided for  North boreal, Middle boreal and South boreal vegetation zones (water table 40 cm) (Table 3.3_2).

Gas emission data in the current delivery was originally collected during the Silmu research programme 1991 and 1992. Most of the data were collected in the research programme “GHG-emissions from the use of peat and peatlands in Finland”
The emission factors used in present inventory delivery are preliminary. The data from measurements used in the estimation of the emission factors are still very sparse. New data from the ongoing peat research programme will likely be available in 2005. Their use will improve the reliability of the emission estimates regarding the active and passive peat extraction areas.

Emission factors for  stockpiles and ditches are from Nykänen et al (1996) as well as emission factors for CH4 (corrected with IPCC 1995 GWP).
Table 3.3_2. Emission factors used in calculation of fugitive emissions from peat production sites (kg/ha/year).  


Surface flux/North boreal
Surface flux/Middle boreal
Surface flux/South boreal
Stockpiles
Dictches

CO2






Peat production area
6020
7210
7350
1750
90

Abandoned (non- vegetated) area
4640
5040
5070



CH4
50
50
50
-
46

Activity data

Peat production area include active and temporarily set-aside peat extraction fields and abandoned, non-vegetated emptied peat extraction areas (Table 3.3_3). The area data come from the Association of Finnish Peat industry, which carried out in February 2005 an inquiry to the peat producers of the peat extraction areas under their possession in 1990-2003. Current data comprise about 80% of Finnish peat producers. The producers outside of this data are mainly small producers. The area data will be complemented with data from the small producers during the 2005.  Three percent of the Finnish peat production areas are situated in north boreal, 65% in middle boreal and 32% in south boreal vegetation zone (Source: VAPO, Association of Finnish Peat Industry).  

Table 3.3._3. Area of industrial peat production in Finland in 1990-2003 (ha).

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

Peat extraction fields
55416
55782
58024
58502
60362
60521
61091
61683
61601
62253
61970
61356
63652
58770

Abandoned non-vegetated areas
255
964
1176
1953
2076
2906
3988
4725
4674
4488
4012
3675
3345
2845

Total
55671
56746
59200
60455
62402
63427
65079
66408
66275
66741
65982
65031
66997
61615

















3.3.2.3 Uncertainty and time series’ consistency

The uncertainty in fugitive emissions from fuels is very high due to uncertainties in emissions from peat production. The total uncertainty in fugitive emissions is estimated at -70 to +170% and that of solid fuels at ‑80 to +210%.  Uncertainty associated with peat production area is estimated at ±15%. The uncertainty estimate covers both lack of coverage of the survey and possible errors in responses to the survey. In reality, uncertainty should be positively skewed, because only 80% of peat producers are covered by the survey (the share of total peat production area covered is larger). Additional uncertainty (estimated at ±5%) may rise due to misunderstandings or errors in responses to the survey. 

CO2 emission factor that is based on recent measurement data is taken at use for the first time for this inventory submission. But, the same uncertainties for CO2 and CH4 emission factors are used as in previous inventory submissions. More measurement data will be gathered during 2005, and it is planned to update uncertainty estimate after that. The current uncertainty estimate (up to +200%) may overestimate uncertainties.
3.3.2.4 Source-specific QA/QC and verification

Source specific QA/QC procedures will be described in forthcoming inventory submissions.

3.3.2.5 Source-specific recalculations including changes made in response to the review process

The whole time serie has been recalculted, since more specific annual area data have become available for the current submission. Emissions from 150 000 ha of former arable peatlands are removed from the reporting of Energy sector’s fugitive emissions (see Section 3.3.1, Description). According to the GPG LULUCF (IPCC 2003) emissions from organic croplands/ grassland (peatlands) should be reported under LULUCF sector. In Finnish inventory some double counting had likely occured previously, since emissions from the 150 000 ha of former arable peatlands had been reported under Energy sector’s fugitive emissions, but also as a part of emissions from argicultural organic soils (i.e. the area of 150 000 ha was not substracted from the area of total agricultural organic soil). This is why the emissions from former arable peatlands removed from the Energy sector’s fugitive emission can not been seen as increase in LULUCF sector’s emissions from organic cropland/grassland.

Emission factor for CO2 has been updated since the previous inventory submission.
3.3.2.6 Source-specific planned improvements

Further revision of CO2 emission factor and revision of CH4 emission factor from peat production will be done during the summer 2005 when more measurement data is likely to become available. Activity (area) data will be complemented during the 2005. 

It is still under consideration under which sector Finland will report the emissions from peat production areas  in the future submissions (under Energy sector’s fugitive emissions as in current submission or  under LULUCF sector’s category Wetlands).

3.3.3 Oil and natural gas (CRF 1.B 2)

3.3.3.1 Source category description

This source category includes CO2 emission from the oil refining and petrochemical industry, fugitive methane emissions from oil refining, and methane emissions from gas transmission and distribution. CO2 emissions arise from flaring (burning) of hydrocarbon by-products. Methane emissions from oil refining result from evaporation during the refining and storage of oil. Some of the emissions from gas transmission are caused by the normal running of older compressor stations in the transmission network. Another source of emissions in transmission is the emptying of pipelines during maintenance breaks and extension work. The emissions of distribution originate mainly from leaks from valves in certain old pipeline types.

In 2003 the combined fugitive and flaring emissions from oil refining (and flaring emissions from the petrochemical industry), and emissions of natural gas transmission and distribution were 125 Gg CO2 eq. This is about 0.15% of Finland’s total emissions.

The NMVOC emissions originate from oil refineries as well as storage of chemicals at the refineries, road traffic evaporative emissions from cars, the petrol distribution network and refuelling of cars, ships and aircraft. There is no exploration or production of oil or natural gas in Finland.

3.3.3.2 Methodological issues

Methods

The fugitive methane emissions from the refining and storage of oil have been calculated on the basis of the Revised 1996 IPCC Guidelines using the default emission factors for oil refining and data from Energy Statistics on oil refining activities. 

Estimates of carbon dioxide emissions from flaring are derived directly from data received from the industry. They are based on the quantity of hydrocarbons flared. However, generally the composition of the hydrocarbons that are flared is not known precisely and the estimates are therefore quite uncertain.

Fugitive emissions from gas transmission are calculated by the industry. Calculations are based on measurements for years 1996-2003. Emissions from gas distribution are also partly based on measurements (1996-2003) made by industry and partly on rough estimates (1991-1994). There was no emissions from gas distribution in 1990. The reason for this is that natural gas has been distributed in the old parts of distribution network beginning from 1991. So called “city gas”, which was earlier distributed in those parts, did not contain substantial amounts of methane. 

The NMVOC emissions from oil refineries and storage are based on emission data from the Regional Environmental Centres’ VAHTI database. Evaporative emissions from cars is based on expert estimation at the VTT Technical Research Centre of Finland and emissions from petrol distribution chain and refuelling of vehicles on expert estimation of Finnish Gas and Oil Federation.

Emission factors and other parameters

Emission factors for calculating emissions from the refining and storage of oil are based on default factor given in the Revised 1996 IPCC Guidelines, since country-specific factors are not available. IPCC Guidelines offer a wide range for the emission factors. Due to lack of knowledge on the applicability of the factors to Finnish circumstances, the mean value of the factors is used (EF = 888 kg methane / PJ oil refined).

For calculating emissions from gas distribution, country-specific factors are not available. The Tier 1 method and the lowest value of the default factors given in the IPCC Good Practice Guidance are used. The reason for this is that knowledge gained from the industry suggests that, for the most part of the distribution pipelines, default factors given in the IPCC Good Practice Guidance are too high. The possibility for developing country-specific factors or using measurements as the basis of emission estimates for the distribution of gas is under consideration. For the transmission of gas, no emission factors are used because estimates are based on measurements. For the transmission and distribution of gas, no emission factors are used because estimates are partly based on measurements and even the rough estimates are believed to be more accurate than estimates based on default emission factors.

Activity data

Activity data for oil refining is taken from Energy Statistics. It is the quantity of oil refined.

For emissions from flaring no activity data is reported. The total quantity of oil refined is reported as background information but it is not directly related emissions and estimates are not based on it. Emission estimates are roughly based on the quantities of hydrocarbons flared. As the exact composition and amounts of the flared substances are not known, reporting an estimate of the quantity of flared hydrocarbons is not thought to supply any relevant information.

No activity data is used in calculating the emissions from gas transmission and distribution because estimates are based on measurements and expert estimates. However, the quantity of gas transmitted and distributed is reported as background information in the CRF tables.
3.3.3.3 Uncertainty and time series’ consistency

Sources of uncertainty for estimates concerning year 2003 are:

Oil refining: 
- accuracy of activity data which introduces only a small uncertainty




- accuracy of default emission factors which introduces a very large uncertainty

Uncertainty in emissions from oil refining was estimated to be ( 90 %

Gas transmission and distribution: -the accuracy of measurements which introduces only a small uncertainty. Uncertainty in emissions from gas transmission was estimated to be ( 3 % and uncertainty in emissions from gas distribution ( 5 %.

Flaring: 
- the unknown composition of flared hydrocarbons which introduces a very large uncertainty



- the not exactly known quantities of flared hydrocarbons which introduces a significant 


uncertainty

Uncertainty in emissions from flaring was estimated to be ( 50 %
Transmission of gas: figures concerning the years 1990-1995 are not based on measurements, instead they are estimated by experts within the industry. For gas distribution the emission estimates of the years 1991-1995 are also more uncertain than the measurement based estimates of later years. Flaring emissions are also less accurate for the early inventory years. 

The methane emissions from oil refining and storage, which are included in the inventory for the first time, are calculated with the same method for the whole time series. In addition, the accuracy of activity data for oil refining and storage remains constant over all inventory years. 

Uncertainty in category Fugitive emissions from oil and natural gas is around ±26%.

3.3.3.4 Source-specific QA/QC and verification

General (Tier 1) Quality Control (QC) procedures

- Assumptions and criteria for the selection of activity data and emission factors are documented.

- For a sample of the emission estimates, the correctness of the calculation formulas has been checked. 

- For a sample of the emission estimates, the use of appropriate units throughout the calculations has been checked. 

- The adequacy of documentation for internal use and to facilitating reviews has been checked. 

- The consistency of input data and methods over the time series has been checked. Existing inconsistencies have been documented. 

- Methane emissions from the transmission of gas were compared to previous estimates (reported under category 1.B 2 b iii Other leakage). 

Tier 2 QC:

Gas transmission: 

- Emission estimates have been compared with estimates based on the IPCC’s emission factor.

3.3.3.5 Source-specific recalculations including changes made in response to the review process

Methane emissions from oil refining and gas distribution are are included in the inventory for the first time. 
3.3.3.6 Source-specific planned improvements

The possibility of improving the emission estimates for gas distribution concerning the years 1991-1995 will be studied in the future.

The results of the NMVOC calculation model of the Finnish Environment Institute will be updated into the CRF table 1.B 2 Fugitive emissions from oil and natural gas to years 1990–1999.

3.4 Reference approach

Reference approach (RA) is carried out using import, export, production and stock change data from the energy balance (EB) sheet published in the annual energy statistics. However, the RA table requires liquid fuels reported to a more disaggregated level than in the EB sheet. This data was taken from the background data of the EB. Another difference is that in the EB sheet stock, changes and statistical differences are combined for certain fuels, whereas in the RA table only stock changes are reported.

In the 2003 inventory, the difference of CO2 emissions between RA and Sectoral Approach (SA) was -1.96%, which is acceptable. Another reference calculation for the 2003 inventory is included in Annex 4. In addition to the EB sheets, there are CO2 emissions calculated directly from the EB sheet. This calculation shows -0.8% difference compared to the SA calculation for year 2003.
3.5 International bunkers

International bunkers cover international aviation and navigation according to the IPCC Guidelines.

The emissions are calculated using the ILMARI calculation model of Statistics Finland (see closer CRF 1.A). Fuel consumption by transport mode is obtained from the energy statistics and it includes fuel sales to ships and planes going abroad. The country-specific emission factors used are the same as for domestic transport.

The emissions were recalculated in this inventory. Activity data was checked and emission factors were harmonised with domestic transport.

The case of Aland could be seen as an exception to the IPCC definitions. In the present inventory, all trips going to Sweden via Aland are treated as international, because the number of passengers (or cargo) leaving or entering the ships in Aland is very low. According to the IPCC methodology, the trip should be divided into domestic and international parts.

However, both the desk review report and the in-country review report of the Finnish greenhouse gas inventory accept the allocation used in the inventory to be consistent with the Revised 1996 IPCC Guidelines and the Good Practice Guidance (2000).

No uncertainty estimation for international bunkers has been carried out.
Annex _3

Formulas used in calculation emissions from transport sector  (1.A 3).

Road transportation 

CO2 emissions
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Ey
is total CO2 emissions during the year y

u 
is fuel type

U
is number of fuel types

V 
is total sales of fuel

O 
is total use of fuel for other purposes than road traffic

c 
is emission factor 
N2O and CH4
This formula applies to all automobiles in the LIISA model.
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E 
is total emission

S
is mileage

ba
is the emission factor for hot driving

bj
is the emission factor for idle

bk
is the emission factor for cold start-ups

l
is type of vehicle

m
is model year of vehicle

p
is road type

r
is speed class

u
is fuel type

v
is compound

y
is calculation year
Railway transportation

This formula applies to all diesel trains in the RAILI model:
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E 
is total emissions
S
is gross tonne kilometre
V
is factor for extra fuel consumption of non-line (1 driving
H
is shunting time
bt
is the specific fuel consumption per gross tonne kilometre
bh
is the specific fuel consumption per hour
bz
is the specific fuel consumption of heating per gross tonne kilometre

ba
is the specific fuel consumption of aggregate per gross tonne kilometre

ef
is the emission factor per fuel used
eb
is the emission factor per fuel used for wagon heating
ej
is the emission factor per fuel used for aggregates
l
is type of locomotive

m
is train weight class

x
is train type
r
is rail yard
y
is calculation year
v
is compound
(1
mobilisation time of the fleet, preparation and finishing times and extra transfer of the fleet)
Civil navigation 

The calculation formula applies to all ships in the MEERI model (excluded icebreakers):
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E 
is total emissions 
S
is number of ships
d
is distance travelled (from previous port visit)
e
is the emission factor


l
is type of ship
m
is gross register ton class
x
is port
o
is operation area
z
is engine type
p
is engine power class
g
is engine load
f
is speed class
t
is time used for manoeuvre and berthing
y
is calculation year

v
is compound

Calculation formula for emission calculations of icebreakers:
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E
is total emissions

V 
is total fuel use of icebreakers

e 
is emission factor

v
is compound
y
is calculation year

Calculation formula for working boats:
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E
is total emissions

S
is number of working boats

V 
is total fuel use of a working boat

e 
is emission factor

x
is type of working boat
v
is compound

y
is calculation year

Calculation formula for leisure boats:
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E 
is total emissions 

S
is number of boats

e
is the emission factor

l
is type of leisure boat
m
is engine power class
z
is engine type

t
is average operating time
g
is engine load
y
is calculation year
v
is compound

Other transportation

Formula (1) applies to all off-road machinery in the TYKO model.
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 (1)

where ,

Ev,y is total emissions v in the year y

S
is number of machines (population)

e
is rated power 

g
is average load factor

k
is activity (hours per year)

a
is emission factor

indexes 

l
is type of machinery

m
is model year of machine

p
is type of engine

r
is power class (average rated power)

u
is fuel type

h
is average lifetime

d
is type of usage (professional/leisure)

y
is age of machinery

v
is compound
t
is calculation year
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St
is machinery population in the year t

wt
is wastage of machinery in the year t
Ct
is sales of machinery in the year t
4. INDUSTRIAL PROCESSES (CRF 2)

4.1 Overview of sector

Description

Finnish emissions from industrial processes are divided to Mineral products (CRF 2.A), Chemical industry (CRF 2.B), Metal production (CRF 2.C), Consumption of halocarbons and SF6 (CRF 2.F) and Other production (CRF 2.D). Under Mineral products Finland reports emissions from cement production, lime production, limestone and dolomite use and soda ash use. Under Chemical industry emissions from nitric acid production, ethylene production and hydrogen production are reported. Emissions from metal production include CH4 emissions from coke production. The CRF category 2.F covers emissions of F-gases from refrigeration and air conditioning, foam blowing, aerosols and electrical equipment, as well as some smaller sources, such as semiconductor manufacturing and fixed fire protection systems.

Under Other production (CRF 2.D) Finland reports NMVOC emissions from the forest and food industries. In addition NMVOC emissions from asphalt roofing and road paving with asphalt are reported under Mineral processes and NMVOC emissions from iron and steel production and non ferrous metals are reported under Metal production. Other NMVOC emissions reported under Chemical industry include emissions from chemical industry and storage of chemicals.

Quantitative overview 

Industrial greenhouse gas emissions contribute about 4% to the total anthropogenic greenhouse gas emissions in Finland (Figure 4.1_1).The most important greenhouse gas emissions from industrial processes in Finnish inventory in 2003 are the N2O emissions from the nitric acid production and CO2 emissions from lime and cement production with the 1.64%, 0.60% and 0.58% shares of the total greenhouse gas emissions, respectively. F-gases emissions comprised together about 0.80% of the total greenhouse gas emissions in Finland. The small amount of F-gases emissions in Finland is explained by the absence of certain large industrial point sources that account for most of the F-gases emissions globally. 

The emissions have fluctuated somewhat during the 1990’s (Figure 4.1_2). The most significant change is the increase of emissions of F-gases which are now more than six fold compared to the 1990 emissions (Table 4.1_1). The N2O emissions have decreased significantly. The CH4 emissions have increased by nearly 63% but their contribution to the total industrial emissions is very small. Industrial CO2 emissions decreased considerably at the beginning of the 1990’s, but have increased since 1996 and are currently approximately at the same level as in 1990.

Table 4.1_1. Trend in greenhouse gas emissions from industrial processes (Gg CO2 eq.)


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

CO2 
















A. Mineral Products
1290
1100
990
890
940
910
950
970
980
1070
1120
1130
1130
1180


B Chemical Industry
60
80
70
80
110
90
110
110
110
100
120
110
130
150

CH4 
















B Chemical Industry
3.99
4.62
4.62
4.20
3.78
4.83
4.83
3.78
5.25
5.46
5.46
5.46
4.83
5.25


C. Metal Production
5.04
5.04
5.25
9.24
9.66
9.66
9.66
9.24
9.66
9.45
9.66
9.45
9.66
9.45

N2O















B. Chemical Industry
1597
1401
1256
1302
1349
1395
1395
1401
1321
1324
1321
1259
1311
1395

HFCs
0.02
0.05
0.10
0.10
6.52
29.33
77.30
167.8
245.2
318.6
501.7
656.9
463.4
652.1

PFCs
0.07
0.08
0.09
0.10
0.12
0.14
0.16
0.18
0.21
27.97
22.46
20.06
13.37
13.80

SF6
94.9
67.32
36.64
33.61
34.90
68.53
72.20
75.98
53.18
51.98
51.49
55.03
33.46
21.27
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Figure 4.1_1. Emissions from industrial processes in Finland in 2003.
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Figure 4.1_2. Emission from industrial processes in 1990-2003 in Finland (Tg CO2 eq.).
Key kategories

Key kategories under industrial processes in 2003 calculated with IPCC Tier 2 method were CO2 from cement production by trend only with LULUCF, N2O from Nitric acid production both by level and trend and HFC and PFC emissions from refrigeration and air conditioning equipment by trend without LULUCF.

4.2 Mineral Products (CRF 2.A)

4.2.1 Source category description 

In this category the non-fuel emissions from cement and lime production and from limestone and dolomite use as well as from soda ash use are reported (Table 4.2_1). Lime production includes production in steel industry. In previous inventories emissions from limestone and dolomite use and from soda ash use have not been reported. Limestone and dolomite use includes also the use in energy industry for sulphur dioxide control. The whole time series for these categories has been calculated in 2004.

In production of cement CO2 is emitted when an intermediate product, clinker, is produced. In that process limestone is heated to high temperature, which results in emissions, as the main component of limestone, calcium carbonate, breaks down, calcinates, into calcium oxide and carbon dioxide. Limestone contains also small amounts of magnesium carbonate (MgCO3), which will also calcinate in the process causing CO2 emissions. Also CO2 emissions from lime production and limestone and dolomite use are due to calcination of calcium and magnesium carbonates at high temperatures. 

In addition carbon dioxide is released when soda ash (Na2CO3), is heated to high temperatures. (Soda ash is not produced in Finland.)

NMVOC emissions from asphalt roofing and road paving with asphalt are reported also (asphalt roofing is included in road paving) in this source category. The NMVOC emissions are calculated at the Finnish Environment Institute. The activity data and emission factors used in calculations are from Fortum Oil and Gas Ltd. (Blomberg 2002).

Table 4.2_1. CO2 emissions from mineral products (Gg).

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

2.A 1 Cement production
786
614
510
390
385
394
402
474
479
515
542
540
517
500

2.A 2 Lime Production
383
380
378
382
395
375
393
358
364
400
425
429
439
513

2.A 3 Limestone and Dolomite Use
99
93
85
104
147
126
137
125
123
134
135
145
152
148

2.A 4 Soda Ash Use
18
15
16
16
17
18
18
16
17
19
19
19
20
20

4.2.2 Methodological issues

Methods

Emissions from cement and lime production as well as from limestone, dolomite and soda ash use are calculated by multiplying emission factor with activity data. Activity data is collected mainly directly from the industry. Emission factors are calculated by the industry (cement production and lime production) or are based on IPCC’s default factors (limestone and dolomite use and soda ash use). The methods for calculating emissions from cement procuction and lime production are consistent with IPCC Tier 2 level method. (For lime production Good Practice Guidance does not provide different tier levels, but compared with tier levels of cement production the method used corresponds to tier level 2.) 
Emission factors

Cement and lime production

Emission factors used in calculation of emissions from cement and lime production are  national provided by the industry (i.e. production plants). Previously emission factors have not been directly collected from the industry on as detailed a level as in the present inventory. Annual emission factors vary slightly, since the parameters affecting them vary slightly from year to year (Table 4.2_2).

Emission factor of cement production is based on the CaO and MgO contents of clinker. Cement kiln dust and by pass dust as well as the amounts of CaO and MgO that are calcined already before the process (and therefore do not cause emissions) are taken into account. 

Emission factor for lime production is based on the actual CaO and MgO contents of lime derived by measurements. Emission factor for lime production is calculated for the years 1998-2002. For the years 1990-1997 and 2003 these calculations are not available. In the inventory of 2003 the mean value of the emission factors of 1998-2002 is used for a part of the lime production. For the remaining part the emission factor is based on an estimate of the CaO content of lime that is less accurate than the measurement based values of 1998-2002. For the years 1990-1997 the mean value of the emission factors of 1998-2002 is used for all lime production. The emission factor of 2003 may be updated later if more detailed information becomes available. 

Limestone, dolomite and soda ash use

Emission factors for calculating emissions from limestone and dolomite and soda ash use are based on IPCC default factors. Default factors are believed to be fairly accurate in Finland. Due to the small amount of emissions in these categories the derivation of country specific emission factors was not deemed necessary. In calculating emissions from limestone and dolomite use IPCC’s Good Practice Guidance’s default emission factors for lime production has been used. For a couple of plants different factors have been used because more detailed knowledge of the composition of limestone is available. The possibility of using Finnish lime production emission factors as a basis for emission estimates of limestone and dolomite use will be studied later. At the moment it is not known if similar limestone is used in lime production and other processes in which limestone is used as raw material. Emission factor for limestone use is 0.427 and for dolomite use 0.463.

IPCC’s (1996 Revised Guidelines) emissions factor for soda ash use is slightly corrected by a factor of 0.99, because it’s not likely that sodium carbonate is calcined completely in the various processes. Emission factor is 0.411.

Table 4.2_2. Activity data and emission factor for mineral products (Gg).


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

2.A 1















Clinker production
1470
1146
953
727
731
760
767
906
902
964
1017
1015
977
940

EF (t/t)
0.535
0.536
0.535
0.536
0.527
0.518
0.524
0.523
0.531
0.534
0.533
0.532
0.529
0.532

2.A 2















Lime production
519
516
513
519
536
509
533
486
498
545
575
578
594
691

EF (t/t)
0.737
0.737
0.737
0.737
0.737
0.737
0.737
0.737
0.731
0.734
0.739
0.741
0.738
0.742

2.A 3















Limestone Consumption
189
180
163
212
312
264
287
266
256
265
264
284
314
299

Dolomite Consumption
35
29
26
25
25
25
26
21
25
39
44
44
42
43

2.A 4















Sodium Carbonate Consumption
44
37
38
40
42
44
45
38
41
47
45
46
48
49

Activity data

Activity data for cement and lime production as well as for limestone, dolomite and soda ash use is collected mainly directly from the industry and taken partly from industrial statistics.
Cement and lime production
In calculating the emissions of cement production the amount of clinker produced annually is used as activity data. The  whole time series for clinker production was collected from the industry in 2004. In calculating emissions from lime production the amount of (quick)lime (CaO) produced annually is used as activity data. Hydrated lime, Ca(OH)2, is produced via (quick)lime by adding water to it. This process does not cause emissions and is not considered in calculations. Activity data for the years 1990-1997 is partly collected from the industry and partly taken from industrial statistics and companies’ reports. 

Limestone, dolomite and soda ash use
The consumption of limestone and dolomite (in processes in which emissions occur e.g. glass production) has been used as activity data when calculating emissions from  lime stone and dolomite use. Activity data for 2003 is collected directly from individual companies. Data for earlier years has been partly taken from industrial statistics. 

Consumption of sodium carbonate is used as activity data when calculating emissions from the soda ash use. Activity data is collected directly from individual companies. For some early years all activity data have not been received directly from companies. In these cases the data of industrial statistics or estimations based on the data of other years have been used.

4.2.3 Uncertainty and time series’ consistency

Cement and lime production
For 2003 there are two sources of uncertainty in cement production. Firstly, the amount of clinker produced is not measured exactly. Secondly, the determination of the CaO and MgO contents of clinker is not completely accurate. Uncertainty was estimated to be (5 %.

For 2003 uncertainty in lime production is partly due to the small margin of error associated with the measurements of lime produced. Another source of uncertainty is the determination of emission factors: as opposed to years 1998-2002 emission factors are estimated, not based on measurements of the actual amounts CaO and MgO in lime. Uncertainty was estimated to be (4 %.

Due both to lack of knowledge concerning years 1990-1997 and to better knowledge concerning years 1998-2002 the time series for lime production is not completely consistent (that is: all data are not as accurate as the data concerning the most recent years.) The differences from the inventory of 2003 in the source of data and the methods are described below.

Years 1990-1996: Activity data are partly collected from the industry and partly taken from industrial statistics and companies’ reports.

Year 1997: All activity data are taken from industrial statistics and companies’ reports.

Years: 1990-1997: Emission factor is the mean value of the emission factors of 1998-2002.

Years: 1998-2002: Emission factor for all lime production is based on the actual (measured) CaO and MgO contents of lime.

Limestone and dolomite use

Uncertainty in limestone and dolomite use was estimated to be ±10 %. It is partly due to uncertain activity data: there is a margin of error in the measurements used to determine the amounts of carbonates that are used and some plants may exist that are not included in calculations. Another source of uncertainty is the amount of carbonates that actually reacts releasing carbon dioxide in the various processes.

Previously, emissions from limestone and dolomite use have not been estimated in Finnish inventory. Due to lack of knowledge concerning some earlier years the time series is not completely consistent (that is: all data are not as accurate as the data concerning the year 2003.)

Soda ash use
Uncertainty in soda ash use was estimated to be -5…+7 %. It is partly due to uncertain activity data: there is a margin of error in the measurements used to determine the amount of sodium carbonate that is used and some plants may exist that are not included in calculations. Another source of uncertainty is the amount of sodium carbonate that actually reacts releasing carbon dioxide in the various processes.

Previously, emissions from soda ash use have not been estimated in the Finnish inventory. Due to lack of knowledge concerning some earlier years the time series is not completely consistent (that is: all data are not as accurate as the data concerning the year 2003.) For some early years all activity data have not been gained directly from companies. In these cases the data of industrial statistics or estimations based on other years’ data have been used.
4.2.4 Source-specific QA/QC and verification

General (Tier 1) Quality Control (QC) procedures applied to category Mineral products (CRF 2.A)

- Assumptions and criteria for the selection of activity data and emission factors are documented.

- For a sample portion of emissions, correctness of  the calculation formulas have been checked.

- For a sample portion of emissions, the use of appropriate units throughout the calculations has been checked. 
- The adequacy of documentation for internal use and to facilitating reviews has been checked.

- The consistency of input data and methods over the time series has been checked. Existing  inconsistencies have been documented. 

- Known and possible sources of incompleteness, which relate to subcategories CRF 2.A 3 and CRF 2.A 4, have been documented. 

- For subcategories CRF 2.A 1 and 2.A 2 the whole time series has been compared to previous estimates.

Tier 2 QC: 

Cement production

- Emission factors have been compared to IPCC’s default factor.

- Emission estimates have been compared with estimates based on less specific data.

Lime production: 

- Emission estimates have been compared to estimates based on industrial statistics’ activity data. 

- Emission factors have been compared to IPCC’s default factor
4.2.5 Source-specific recalculations including changes made in response to the review process 
Cement and lime production

Emissions from cement production have been recalculated. Activity data and emissions factors have been updated.

Emissions from lime production have been recalculated using improved emission factors. 
4.2.6 Source-specific planned improvements

The possibility of using Finnish lime production emission factors as a basis for emission estimates of limestone and dolomite use will be studied in future.

4.3 Chemical Industry (CRF 2.B)

4.3.1 Source category description

In Finnish inventory this category includes the non-fuel emissions from nitric acid production. In addition the methane emissions from ethylene production are reported under this category in CRF table 2.B 5 (Other). The CRF Category 2.B 5 includes also emissions from hydrogen production which are reported for the first time in Finnish inventory. (Table 4.3_1).
All ammonia currently used in Finland is imported from other countries. In 1990–1993 small amounts (4–30 kt per year) were produced using mainly peat and saw dust as raw material. The CO2 emissions from these processes have not been estimated and included in the inventory.

Table 4.3_1. Emissions by gas and subcategory (Gg).

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

CO2















2.B 5 Hydrogen Production
60
77
66
78
113
94
109
111
106
104
117
113
128
147

CH4















2.B 5 Ethylene Production
0.19
0.22
0.22
0.20
0.18
0.23
0.23
0.18
0.25
0.26
0.26
0.26
0.23
0.25

N2O















2.B.2 Nitric Acid Production
5.15
4.52
4.05
4.20
4.35
4.50
4.50
4.52
4.26
4.27
4.26
4.06
4.23
4.50

Ethylene production is a source of CH4 emissions. Emissions of CH4 from ethylene production were approximately 0.25 Gg in 2003, which was only 0.0061 % of Finland’s total emissions. Ethylene production in Finland has fluctuated from about 180 to 260 Gg ethylene per year between 1990 and 2003.

Nitric acid is produced at two sites (in 1990–1992 at three sites) in Finland. Emissions of N2O from nitric acid production were approximately 4.50 Gg in 2003, which was 1.64 % of Finland’s total emissions. The production has varied from about 430 to 550 Gg nitric acid per year. Adipic acid is not produced in Finland.

Emissions from hydrogen production were approximately 147 Gg in 2003, which was 0.17 % of Finland’s total emissions. Hydrogen production does not necessarily cause CO2 emissions. Emissions occur in processes in which hydrocarbons are used as raw material. In Finland natural gas is the most common raw material in hydrogen production. Theoretically all the carbon contained in hydrocarbons will be emitted as CO2 in the processes. In practice a small amount of feedstock does not react.

The NMVOC (and SO2 ) emission from chemical industry and storage of chemicals at the sites are reported also under subcategory other (CRF 2.B 5).

4.3.2 Methodological issues

Methods 

Emissions from nitric acid, ethylene and  hydrogen production are calculated by multiplying activity data with emission factor.

The NMVOC emissions are based on emission data from the Regional Environment Centres’ VAHTI database and collected by the Finnish Environment Institute. 

Emission factors

Nitric acid production: The emission factor is plant specific and based on measurements carried out at the factories in 1999.

Ethylene production: The CH4 emissions have been calculated with the IPCC default emission factor 1 g CH4/kg ethylene produced.

No default factor for hydrogen production is available in IPCC’s 1996 Revised Guidelines or Good Practice Guidance 2000.

Emission factor for calculating emissions from hydrogen production is based on stoichiometric ratios of the chemical reactions. These are corrected by a factor of 0.94 to take into account the fact that the reactants do not usually react completely in the processes. The correction factor is based on the information about the percentage of feedstock that is actually converted to hydrogen and carbon dioxide reported by one producer of hydrogen.

Activity data

The annual nitric acid production figures have been obtained from the production plants.
The annual ethylene production figures have been obtained from the production plants and industrial statistics.
The consumption of hydrocarbons is used as activity data in calculating emissions from hydrogen production. Raw materials used are natural gas, naphtha and propane. Activity data are collected directly from individual companies. Data for the first half of 1990’s have been partly taken from industrial statistics and partly estimated on the basis of other years’ data. 

The production figures for hydrogen, ethylene and nitric acid in 1990-2003 are presented in Table 4.3_2. 

Table 4.3_2. Production of hydrogen, ethylene and nitric acid (1000 tonnes).

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

Hydrogen
5.6
7.0
6.0
7.1
10
7.9
8.9
9.3
9.1
8.7
10
9.5
11
13

Ethylene
188
223
216
197
177
225
230
183
255
260
256
260
228
248

Nitric acid
549
480
428
445
461
476
477
480
452
453
451
430
448
477

4.3.4 Uncertainty and time series’ consistency

The uncertainty is Nitric acid production is mainly due to variability of emissions according to process conditions which is not exactly known. The uncertainty estimate is based on variation between different measurement periods, variation within individual measurement series and information on measurement instruments. Based on these the uncertainty in emissions of nitric acid production was -57...+100% in 2003. 

The uncertainty in ethylene production was estimated at around ±20%. 
The uncertainty in hydrogen production was estimated at -10…+13 %. Uncertainty is partly due to uncertain activity data. Another factor that causes uncertainty is the lack of knowledge concerning the exact amount of reagents that actually reacts in the various processes.

Previously, emissions from hydrogen production have not been estimated. Due to lack of knowledge concerning some earlier years the time series is not completely consistent (that is: all data are not as accurate as the data concerning the year 2003.)  

4.3.5 Source-specific QA/QC and verification

General (Tier 1) Quality Control (QC) procedures applied to category  Chemical industry (CRF 2.B)
- Assumptions and criteria for the selection of activity data and emission factors are documented.

- For a sample portion of emissions, correctness of  the calculation formulas have been checked.

- For a sample portion of emissions, the use of appropriate units throughout the calculations has been checked. 

- The adequacy of documentation for internal use and to facilitating reviews has been assessed. 

- The consistency of input data and methods over the time series has been assessed. Existing inconsistencies have been documented. 

- Possible sources of incompleteness, which relate to the CRF subcategory 2.B 5 Hydrogen production, have been documented.

- Estimates have been compared to the previous estimates (not relevant if source category included in to the inventory for the first time).

4.3.6 Source-specific recalculations including changes made in response to the review process

No recalculations have been made since the previous inventory.

4.3.7 Source-specific planned improvements

Industrial emission sources for CH4 and the suitability of the IPCC default emission factors should be studied further.

4.4 Metal Production (CRF 2.C)

4.4.1 Source category description

This source category includes in Finnish inventory the CH4 emissions from coke production (reported in CRF-tables under Iron and steel production). The CO2 emissions from coke and residual fuel oil used in blast furnaces are allocated in metal production in the energy sector CRF 1.A. 

In addition the NMVOC emissions from iron and steel production and from secondary aluminium production are reported.

SF6 emissions from magnesium die casting are included in the inventory. However, since there is only one producer in Finland currently, these data are confidential. Emissions and consumption data were therefore grouped with other confidential SF6 data, and reported under the CRF category 2.F Consumption of halocarbons and sulphur hexafluoride. 

Degreasing is included in CRF 3.B. and painting in CRF 3.A.
In the earlier inventories also CH4 emissions from pig iron and sinter production were reported. Based on the Revised 1996 Guidelines and measurements carried out at the Finnish plants, these emissions are now considered to be negligible and omitted from the inventory.

4.4.2 Methodological issues

Methods

The calculation method for CH4 emissions from coke production is consistent with the IPCC Guidelines.
The NMVOC emissions from iron and steel production and secondary aluminium production are calculated at the Finnish Environment Institute based on emission data from the Regional Environment Centres’ VAHTI database and the Finnish Metal Industries Federation. The emission factors are taken from the Joint EMEP/Corinair Atmospheric Inventory Guidebook.

Emission factors

The emission factor 0.5 kg/t used in calculation of CH4 emissions from coke  production is the IPCC default value (IPCC 1996).
Activity data

Activity data for the calculation of CH4 emissions from coke production is obtained from the Energy Statistics

4.4.3 Uncertainty and time series’ consistency

The uncertainty in iron and steel production (coke) was estimated at around (20% in 2003.

4.4.4 Source-specific QA/QC and verification

Source specific QC procedures applied will be included in UNFCCC submission.

4.4.5 Source-specific recalculations including changes made in response to the review process

No recalculations have been made since the previous inventory.

4.4.6 Source-specific planned improvements

No source specific improvements are under active consideration at the moment.
4.5 Other Production (CRF 2.D)

4.5.1 Source category description
This source category include the NMVOC emissions from the forest and food industries.

The non-fuel based CO2 emissions the from pulp and paper industry as well as glass production are estimated to be negligible in Finland. All N2O emissions from the pulp and paper industry are reported as fuel based emissions under CRF 1.

Catalytic cracking of oil is identified as a possible N2O source in the IPCC Guidelines but no method or default emission factors are given. Catalytic cracking of oil is carried out at the refineries and, thus, this might be a possible emission source in Finland, too. 

4.5.2 Methodological issues

NMVOC emissions from the forest industry are calculated at the Finnish Environment Institute. Activity data for the calculation is obtained from the Finnish Forest Industries Federation and the emission factors from the Finnish Forest Industries Federation, Report August 1996 and The Finnish Forest Industries Federation, Annual report 2004, Sawmills and board production. 

NMVOC emissions from the food industry are calculated at the Finnish Environment Institute. Activity data for calculation of the NMVOC emissions from the food industries is obtained from Suomen Hiiva Oy, the National Research and Development Centre for Welfare and Health (Stakes), the Finnish Food and Drink Industries' Federation, the Plant Production Inspection Centre (KTTK) and from the Finnish Fisheries Research Institute. The emission factors are taken from the NPI (1999), Joint EMEP/Corinair Atmospheric Inventory Guidebook (2001) and YTV (1995).
All SO2 emissions of different sulphur compounds are calculated as SO2 equivalents.

4.5.3 Uncertainty and time series’ consistency

-

4.5.4 Source-specific QA/QC and verification
Source specific QC procedures applied will be included in UNFCCC submission
4.5.5 Source-specific recalculations including changes made in response to the review process

No recalculations have been made since the previous inventory.

4.5.6 Source-specific planned improvements

No source specific improvements are under active consideration at the moment.

4.6 Consumption of Halocarbons and SF6 (CRF 2.F)

4.6.1 Source category description

Under the source category CRF 2.F Emissions of consumption of halocarbons and SF6 Finland reports the  HFC and PFC emissions from all refrigeration and air conditioning equipment based on the vapour compression cycle (CRF 2.F 1), HFC emissions from foam blowing and use of HFC containing foam products (CRF 2.F 2), HFC emissions from technical aerosols, one component polyurethane foam, tear gas and metered dose inhalers (CRF 2.F 4)  and  SF6 emissions from manufacturing, use and disposal of electrical equipment (CRF 2.F 7). In addition, HFC-23 emissions from refrigeration and air conditioning and semiconductor manufacturing, HFC-125 and HFC-134a emissions from fixed fire fighting systems, CF4, C2F6, C3F8 and c-C4F8 emissions from semiconductor manufacturing and  SF6 emissions from  magnesium die casting, semiconductor manufacturing and shoes has been grouped due to confidentiality. 

Note that the sub-category of emissions from aerosols includes one-component polyurethane foam cans (OCF), an aerosol-like product. These products have been treated as aerosols in the Finnish inventory. This practice predates the Good Practice Guidance. In the Good Practice Guidance, OCF is discussed together with other foam types, and the methodology is slightly different from that applied to aerosols. It has been decided not to change the practice of including OCF in the aerosols sub-source category, because this would require recalculation of both the aerosol and foam time series, and because recalculation would not improve emission estimates.

There are no fugitive emissions from manufacturing, because F-gases are not produced in Finland. There is also no manufacturing of other fluorinated gases, such as HCFCs, that could lead to by-product emissions (e.g. HFC-23 from HCFC-22 manufacturing). Other point sources that  make considerable contribution to emissions elsewhere, but are absent in Finland, include primary aluminium and magnesium industry.

Based on the trend analysis, refrigeration and air conditioning is the only key source in category 2.F.

The share of F-gases from the total greenhouse gas emissions in Finland in 2003 was about 0,8% (687 Gg CO2 eq.)  Emissions from F-gases have increased drastically since the 1990. In 2003, emissions were 6–7 fold compared to emissions in 1990 (Table 4.6_1). A key driver behind this trend has been the substitution of ozone depleting substances by F-gases in many applications.

Table 4.6_1. Actual emissions of HFCs, PFCs and SF6, 1990-2003 (CO2 equivalent Gg)

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

HFCs
0.02
0.05
0.10
0.10
6.52
29.33
77.30
167.8
245.2
318.6
501.7
656.9
463.4
652.1

PFCs
0.07
0.08
0.09
0.10
0.12
0.14
0.16
0.18
0.21
27.97
22.46
20.06
13.37
13.80

SF6
94.39
67.32
36.64
33.61
34.90
68.53
72.20
75.98
53.18
51.98
51.49
55.03
33.46
21.27

4.6.2 Methodological issues

Methods

An overview of models used to quantify emissions of F-gases are presented in Table 4.6_2. Emissions from each category are quantified using 2 or 3 different methods given in IPCC GPG (2000). First of all, there are two flavors of potential emissions that describe gas consumption within a country (Tier 1a and 1b). The difference between the two is whether gases imported and exported in products are accounted for. Since in many cases there is a delay between consumption and emissions, the COP has decided that actual emissions – as opposite to simply quantifying consumption –be quantified (decision 2/CP.3). The COP has also decided that Annex I Parties reporting actual emissions should also report potential emissions for reasons of transparency and comparability (reporting guidelines, FCCC/SBSTA/2004/8).
Table 4.6_2. Summary of methods used in the F-gases inventory.

Source

category
Methods used and gases reported
Notes

Magnesium 

die-casting (CRF 2.C)
Direct reporting method, Tier 1a
Tier 1b is not applicable to this category because all SF6 used is imported in bulk. Emissions from this source are not reported separately due to confidentiality.

Electrical 

equipment

(CRF 2.F 7)
Tier 3c (country-level mass-balance), Tier 1b

SF6
Tier 1a estimates can not be calculated for this source because of lack of historical data. Tier 1b estimates have been calculated, however, based on survey and emissions data, cf. section 3.1 of Oinonen (2003).

Running shoes

(CRF 2.F 8)
Method for adiabatic property applications, Tier 1b

SF6
Tier 1a is not applicable to this category because all SF6 used is imported not in bulk, but in products (i.e. shoes). Emissions from this source are not reported separately due to confidentiality.

Semiconductor manufacturing

(CRF 2.F 6)
Tier 1, Tier 1a

CHF3, CF4, C2F6, C3F8, c-C4F8
Tier 1b is not applicable to this category because all gases used are imported in bulk.

Refrigeration and air conditioning (CRF 2.F 1)
Top-down Tier 2, Tier 1a, Tier 1b

HFC-32, HFC-125, HFC-134a, HFC-143a, HFC-152a, PFC-218 (HFC-23 is reported in grouped data due to confidentiality)
Tier 2 top-down method is used for all sources in this category, both stationary and mobile. Data is not collected for separate sub-categories because such statistics are either not available or the preparation of such statistics would entail a very high reporting burden on companies, given that such a task would be taken seriously. There is also some evidence that simpler questionnaires lead to better response activity. HFC-23 emissions from this source are not reported separately due to confidentiality.



Aerosols and one component foam (CRF 2.F 4)
Tier 2, Tier 1a, Tier 1b

HFC-134a and HFC-152a
One component foam cans are treated as aerosols in this inventory, cf. section 2.3.6 of Oinonen (2003). MDIs are not reported separately from other aerosols due to confidentiality.

Foam blowing

(CRF 2.F 2)
Tier 2, Tier 1a, Tier 1b

HFC-134a and HFC-365mfc
Revised 1996 IPCC Guidelines and the Good Practice Guidance give little advice on how to model the effect of leakage from products and the annually installed new foam products on HFCs banked in foams. See section 2.3.7 of Oinonen (2003) on how these effects were modelled. HFC-365mfc used has been detected in Finland. It has not been possible to clarify to which use it has been put after imported to country. The quantities have been very small so far. It is likely that the gas has been used in experiments. The gas is also imported in products, but the company importing the equipment (domestic refrigeration appliances) has not provided data for inclusion in the inventory. At the present level of activity, HFC-365mfc is likely to give a negligible contribution to emissions.

Fixed fire fighting systems

(CRF 2.F 4)
Tier 2, Tier 1a, Tier 1b

HFC-125 and HFC-134a
Emissions from this source are not reported separately due to confidentiality.

HFCs and PFC-218 from refrigeration and air conditioning (CRF 2.F 1) 

The source category covers HFCs and PFC-218 emissions from refrigeration and air conditioning equipment based on the vapour compression cycle. Included are inter alia domestic, commercial and industrial refrigeration systems, stationary and mobile air conditioning, as well as heat pumps. Emissions from refrigeration and air conditioning are reported as a single figure for all of the refrigeration and air conditioning sub-categories (domestic, commercial, industrial, mobile, etc.).

Emissions are calculated by IPCC Tier 2 and Tier 1a and 1b methods. In essence this means a material balance. The system under consideration is the geographic area of Finland. The vertical extent of this system is determined by the height of the structures that hold the refrigerants within. From the principle of conservation of mass, it follows that

emissions = production + imports – exports – destruction ± storage.

HFC or PFC containing refrigerant gases are not manufactured in Finland, thus production = 0. Currently, the storage term is not equal to zero. Some of the gas imported is stored in equipment. At the same time, a proportion of the stored quantity is retired as equipment reach the end of their service life and are disposed of. The retiring capacity, however, is currently much smaller than the new capacity. It follows that the net change given by the storage term must be deduced from the imported quantity, thus

emissions = imports – exports – destruction – storage.

This model gives the Tier 2 actual emissions. Implementation of top-down Tier 2 approach is recommended in Good Practice Guidance. Emissions are not calculated for each equipment sub-category because this does not improve the inventory, but increases the companies' reporting burden. Also, respondents do not generally have data to support reporting at the level of sub-categories. Current data gathering produces high response activity and less uncertain activity data.

Potential emissions are given by the same formula, but assuming that storage  is equal to zero. There are two variants of potential emissions. Tier 1a is defined to include only bulk quantities of imported and exported gases, whereas Tier 1b includes both bulk quantities and quantities imported in products. It is clear from above that actual emissions are currently smaller than potential.

More detailed descriptions of calculating emissions with IPCC Tier 1a and b and Tier 2 methods (potential and actual emissions) are presented in appendix in the end of the Chapter 4.

HFCs from foam blowing (CRF 2.F 2) 

The source category covers HFC emissions from foam blowing and use of HFC containing foam products. Blowing agent HFC emissions in Finland result from the manufacturing and use of extruded polystyrene (XPS), polyurethane (PU) integral skin foam, PU appliance foam, injected PU foam and PU panels. Most of the production has been based on hydrocarbons since the phasing out of CFCs and HCFCs. Some smaller producers decided to use HCFCs for as long as possible, and then switched to HFCs. Open-celled foams (soft foams) have not been produced in Finland with HFCs.

Actual emissions are calculated by IPCC Tier 2 described in more detailed in the annex of the Chapter 4. Potential emissions were calculated according to Tier 1a and 1b models described in the IPCC Revised 1996 Guidelines (Reference Manual pp. 2.47–2.50) and briefly outlined above.

HFCs from aerosols and metered dose inhalers (CRF 2.F 4)

The source category covers HFC emissions from technical and novelty aerosols, one component polyurethane foam, tear gas and metered dose inhalers. 

Emissions model used was from Good Practice Guidance (p. 3.85). 

x = (1 – f)a + fb,








where f = 0.5,

a = Tier 1b potential emission in 2002 and 

b = Tier 1b potential emission in 2003. 

A more detailed description of the model is given in the annex in the end of the Chapter 4.

SF6 from electrical equipment (CRF 2.F 7 )
The source category covers SF6 emissions from manufacturing, use and disposal of electrical equipment. IPCC Tier 3c, Tier 1a and 1b were used in calculation.
The inventory is based on a country-level material balance. The basic model (equation 3.15 in the Good Practice Guidance p. 3.56) was developed further.  This was necessary since the model gave unrealistically large year-to-year variation in the level of emissions. A reasonable result was obtained using the newly developed model and four successive years of data (2000–2003). Shorter time periods resulted in high annual variation.

A detailed account of the approach is given in the annex in the end of the Chapter 4.

Data grouped due to confidentiality
This category describes the following sources and emissions that have been grouped due to confidentiality:

– HFC-23 from refrigeration and air conditioning and semiconductor manufacturing

– HFC-125 and HFC-134a from fixed fire fighting systems

– CHF3, CF4, C2F6, C3F8, c-C4F8 from semiconductor manufacturing

– SF6 from magnesium die casting, semiconductor manufacturing and shoes.
Semiconductors are reported with IPCC Tier 1 method (equations 3.31 and 3.32 in Good Practice Guidance)

For reporting SF6 from shoes "adiabatic property applications" is used, (equation 3.23 in Good Practice Guidance p. 3.65) HFC-125 and HFC-134a emissions from fixed fire fighting systems are reported with the "direct" method, i.e. the company that sells, installs and services the systems keeps statistics on quantities released in fires and quantities released due to system malfunction. These quantities are directly reported as emissions. HFC-23 from refrigeration and air conditioning are reported with IPCC Tier 2 methodology and SF6 from magnesium die casting is reported by using "direct reporting" (equation 3.12 Good Practice Guidance p. 3.48).
Emission factors

Emission factors are described below for those models that incorporate such assumptions.

HFCs from foam blowing (CRF 2.F 2)
The model is dependent on the use of emissions factors for each foam type. Since such national factors were not available, IPCC default factors were used (Good Practice Guidance, p. 3.96). The factors (probability density functions) used are shown in the table below (Note that only the means of the distributions shown are from Good Practice Guidance. The standard deviations were chosen  based on expert judgment).

N = normal distribution, with mean (m) and standard deviation (s) given in parenthesis N(m,s).

i
Foam type
fM,i

fB,i
1
XPS


N(0.40,0.08)

N(0.030,0.006)

2
PU integral skin
N(0.95,0.20)

N(0.025,0.01)

3
PU injected
N(0.125,0.020)
N(0.005,0.01)

4
PU appliance
N(0.075,0.020)
N(0.005,0.01)

5
PU discontinuous panel
N(0.125,0.020)
N(0.005,0.01)

If foam blowing was a key source in the Finnish inventory, more reliable emission factors should be developed, placing emphasis on the most important sectors of production. Given the current low level of emissions, a detailed study does not seem necessary.
HFCs from aerosols and metered dose inhalers (CRF 2.F 4)
Emission factors were taken from IPCC GPG (2000) referring to Gamlen et al. (1986). Both the value for emission factor, and the model itself, according to Gamlen et al. (1986), are from McCarthy et al. (1977).

Data grouped due to confidentiality
The method for semiconductors is the only one using emission factors. These were taken from Table 3.15 of Good Practice Guidance (p. 3.74).
Activity data

HFCs and PFC-218 from refrigeration and air conditioning (CRF 2.F 1)
Data on refrigerant imports was obtained through a survey conducted in February–April 2004. Nine companies reported imports. These include all major importers and distributors of refrigerants in Finland. Frequently some equipment manufacturers that use larger quantities of refrigerants in their production also import refrigerants. This was also the case in 2003. The total quantity of bulk refrigerants imported in 2003 was 732 655 kg. This is very close to the quantity imported in 2002, only 0.1% larger.

The total quantity of bulk refrigerants exported in 2003 was 23 179 kg, only half of that exported the year before. This may be explained by one of the companies giving up the refrigerant sales business. Some of the importers also export refrigerants, but this quantity has been much smaller than the imported quantity. Most of the imported refrigerant is used in Finland.

Mobile air conditioning systems (MACs) is the largest HFC-containing product group – in terms of refrigerant quantity – imported to Finland annually. This quantity (x) is estimated using annual numbers of registered vehicles (passenger cars, vans, trucks and buses) (r), the proportion of vehicles equipped with MACs (p) and a typical refrigerant charge (c) for each type of vehicle (i, 1 = passenger cars, 2 = vans, 3 = truck and 4 = buses)

The number of registrations r was obtained from Statistic Finland. The proportion p is based on a survey of vehicle importers. Conducted in February–April 2004, companies were asked to provide data for 2003. Average charges were obtained from a 1999 survey of Finnish vehicle importers (Oinonen 2000 pp. 26–27).

In case of MACs, the inventory will be based on an assumption that the quantity exported was much smaller than the quantity imported, and that exports may thus be treated as negligible

Refrigerants are also imported and exported inter alia in domestic refrigeration and air conditioning equipment, heat pumps, commercial refrigeration equipment and air conditioning units. These quantities were obtained directly from manufacturers and importers. Exported equipment were similar to those imported.  

Moreover, there is manufacturing of equipment in Finland. Data on charged refrigerant quantities were based on a survey. Imported refrigerants are also used in charging new equipment during installation and to convert existing equipment to a new refrigerant. 

The final piece of information needed to quantify the emissions model are the destructed refrigerant quantities. The quantity destructed was imputed, inferred from original reported quantities, based on the assumption that non-respondents were a random sample of all respondents.

Table 4.6_3 summaries the refrigerant activity data. Note that all kinds of refrigerants are included in the reported quantities, not just those consisting of or containing HFCs or PFCs. Respondents provide actual quantities identified by refrigerant number or trade name. The known composition of each refrigerant is then used to calculate activity in terms of individual HFC and PFC species. These levels are lower than those tabulated below because much of the consumption still consists of HCFC containing refrigerants.

Table 4.6_3. Summary of refrigerant activity data.

Number of reporting companies
Quantity (kg)

Bulk refrigerants 

imported 


9
732 655

Bulk refrigerants exported


5
23 179

Refrigerants in equipment imported 


45
130 409

Refrigerants in equipment exported 


26
22 885

Refrigerants used in manufacturing equipment


44
37 155

Refrigerants used in installation and conversion of equipment


387
206 263

Destructed refrigerant


96
34 645

HFCs from foam blowing (CRF 2.F 2)
Activity data for calculation emissions from foam blowing is presented in Table 4.6_4. Data is obtained from and annual survey of Finnish companies manufacturing, importing and exporting relevant foam products and raw materials used in foam blowing. Note that the model (see annex in the end of the Chapter 4) requires data from previous inventories. These are described in Oinonen (2000, 2003 and 2004).

Table 4.6_4. Foam blowing activity data for 2003.
Activity

Blowing agents
Number of reporting companies
Quantity (kg)

Bulk import

HFC-134a
1
C

Imported in polyol
HFC-134a, HFC-365mfc
4
3440

Imported in products
HFC-134a, HFC-365mfc
2
C

Used in manufacturing
HFC-134a
7
39460

Exported in products
HFC-134a
3
4310

CRF 2.F 4 HFCs from aerosols and metered dose inhalers

Data is obtained from an annual survey of Finnish companies manufacturing, importing and exporting aerosol products (MDI, sprays for dust removal, tear gas, one component foam).

CRF 2.F 7 SF6 from electrical equipment

Annual survey of Finnish companies manufacturing, importing and exporting electrical equipment.

The 2004 survey produced data from all known actors. Since 2003 was the first year of complete coverage, it meant that the 2000–2002 data had to be changed. Specifically, it was assumed that one company's imports and sales were similar in 2000–2002 as they were in 2003.

CRF 2.F. data grouped due to confidentiality

Activity data for calculation of emissions from semiconductor manufacturing, refrigeration and air conditioning, fixed fire fighting systems and magnesium die casting are obtained from annual surveys of companies, research institutes and importers of special gases.

4.6.3 Uncertainty and time series’ consistency

CRF 2.F 1 HFCs and PFC-218 from refrigeration and air conditioning

Uncertainty of the emission estimates have been quantified using Monte Carlo simulation (Oinonen 2003, 2004). The same methodology was applied to the 2003 inventory. Details of the analysis are presented in a separate background document. As a summary, the simulation suggests a 95% confidence interval for the level of emissions in 2003 ranging from 234 to 378 Mg. A Monte Carlo estimate for the mean of emissions was 259 Mg. The simulated output distribution was considerably skewed with median equalling 242 Mg.

Simulation results suggest that most of the uncertainty was due to lack of knowledge regarding the quantities of refrigerants left in plants and equipment when decommissioned and disposed of. Also, uncertainty of the installed quantities of HFC-125, HFC-134a and HFC-143a has an effect on the output uncertainty.

Uncertainty has been quantified mainly for the most recent estimates, and for 1990 when needed in trend analysis. For years in between, the question regarding homogeneity (time series consistency) must be addressed. The methodologies have not been the same for the entire time series of emissions from category 2.F.1. In 1999 inventory (estimates for 1990–1998), a simple dynamical model in combination with Tier 2 bottom-up emission factor based method was used. The bottom-up method was applied to mobile air conditioning systems (MACs) and domestic refrigeration. Other sources were quantified using the dynamical model. (Oinonen 2000). In 2000, as the Good Practice Guidance was published, the recommended Tier 2 top-down sales based method was implemented for other sources of stationary refrigeration and air conditioning. Domestic refrigeration and MACs were still calculated using the bottom-up approach.

In 2001, the recommended top-down method was finally applied to all of the sub-source categories of 2.F.1. From then on, it has been continued use and refinement of the method. Since the method has changed and evolved, a question of time series homogeneity arises. This issue was tested, and the results presented to the expert review team that visited Finland in November 2001. The results show that although the methods don't give identical results for the two over-lapping years shown, the estimates are fairly close, and probably within the error margins of both approaches. The comparison thus suggests that little could be gained by recalculation, and that non-homogeneity should not be an issue. The uncertainties of past inventories and historical data are significant. The current time series of emissions, however, should give a reliable overview of how the emission evolved during 1990s: a rapid growth during the latter part of the decade, and subsequent stabilisation to the current level.

CRF 2.F 2 HFCs from foam blowing
Monte Carlo simulation was used to quantify uncertainty of the level of emissions. The result of simulation suggests an emission level of 19 Mg with a give-or-take of about 5 Mg (given as a 95% confidence interval). Correlation analysis of the simulation results suggests that most of the uncertainty is due to uncertainty of the emission factor for extruded polystyrene (XPS) foam. Other sources of uncertainty include emission factors for use of XPS and appliance foam.

CRF 2.F 4 HFCs from aerosols and metered dose inhalers 

This category is much simpler, in terms of the number of uncertain input parameters and the shape of their distributions, which is why uncertainty was quantified using Gaussian approximation. Again, details are presented in the background documentation. Emissions were 81 Mg with a give-or-take of about 7 Mg. Most of the uncertainty results from the uncertainty of activity levels for years 2002 and 2003. 

CRF 2.F 7 SF6 from electrical equipment

A scenario tree analysis suggests that emissions from electrical equipment were not more than approximately 2 Mg in 2003. The mean of the scenarios was 0.9 Mg. It is not known with certainty whether equipment are being disposed of,  and how much emissions are generated during decommissioning. The above upper limit includes disposal emissions. Finnish industry has been of the opinion that emissions during disposal do not take place. Their own estimate of leakage from equipment (not including manufacturing emissions) is approximately 0.31 Mg. The differences have been analysed and discussed with the industry. The dialogue continues and may result in some additional input to the inventory of category 2.F.7.

The time series has been recalculated once (the recalculation was applied to the 1990–2001 time series). The details are documented in Oinonen (2003). The recalculation was made because a new method was adopted. The new method incorporated the assumption that there are emissions from disposal, which lead to an approximate doubling of the level of emissions.

CRF 2.F. data grouped due to confidentiality

Uncertainty for this category was quantified using Monte Carlo simulation. The result is a give-or-take of about 0.3 Mg.
Emissions from fixed fire fighting equipment and semiconductor manufacturing were recalculated for 1990–2000, and reported in the 2002 submission. In the same inventory, emissions from shoes were added to the inventory. Recalculations and their effect on annual F-gas emission levels were described in Oinonen (2003).

There is a discontinuity in the times series for grouped data. This is mainly due to phasing-out of halons in fixed fire fighting systems and their substitution with an extinguishant that is a mixture of HFC-125, HFC-134a and CO2. In addition to the phase-out, there has been increasing activity in shoe sales, semi-conductor manufacturing and magnesium die casting. Some of the sources have also declined from the high levels of late 1990s. Thus, there are several trends operating simultaneously. Together they explain the observed overall trend. Further reductions in emissions are expected as the manufacturer is voluntarily phasing out the use of SF6 in shoes. This reduction should be visible in the future emission levels.

4.6.4 Source-specific QA/QC and verification

General (Tier 1) Quality Control (QC) procedures applied to calculation on emissions from Consumption of Halocarbons and SF6 (CRF 2.F) are summarised in the Table 4.6_5. 
Table 4.6_5. General (Tier 1 ) Quality Control (QC) procedures applied to CRF 2.F.

Source category
CRF 2.F 1
CRF 2.F 2
CRF 2.F 4
CRF 2.F 7
CRF 2.F (grouped)

Details of assumptions were checked and documented
x
x
x
x
x

Data was checked for transcription errors.
x
x
x
x
x

Data was checked for completeness
x
x
x
x
x

Calculations were checked for errors.
x
x
x
x
x

Non-response was dealt with by imputing for missing data.
x
x

x


Details of the new improved model were documented.



x


Survey was monitored to assess coverage and non-response.
x
x

x
x

Specific (Tier 2) quality control measures consisted of the following:

· Results for each category were compared to those obtained using a simpler model, i.e. actual emissions   
were compared to potential emissions

· Activity data for 2003 were compared to corresponding data for 2002

· Activity data 2000–2003 for electrical equipment were reviewed in detail

· Uncertainties were quantified for all sources; importance analysis was used to elucidate the factors that 
have significant bearing on the uncertainty of each category

· Trends were graphed and explained for all sources reported in separate background documentation.

4.6.5 Source-specific recalculations including changes made in response to the review process 

No recalculations have been made since the previous inventory submission.

4.6.6 Source-specific planned improvements

For calculating SF6 emissions from electrical equipment the inventory is being discussed with the Finnish industry, who are carrying out their own, more detailed, data gathering. This ongoing dialogue may produce improved estimates.

Potential ways of verifying the level of F-gases emissions will be looked at.

Annex_4

Models used in calculation emissions from category CRF 2.F
HFCs and PFC-218 from refrigeration and air conditioning (CRF 2.F 1)

Potential emissions

Tier 1a potential emissions are given by

X1a = Ic – Ec – D,

where
Ic = a vector of imported bulk quantities



Ec = a vector of exported bulk quantities



D = a vector of destructed quantities.

Carrying out the calculations yield (all values in Mg)
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The sum of the elements of X1a is equal to 459.955 Mg.

Tier 1b potential emissions are given by

X1b = Ic + Ip – Ec – Ep – D,

where
Ic = a vector of imported bulk quantities



Ip = a vector of quantities imported in products



Ec = a vector of exported bulk quantities



Ep = a vector of quantities exported in products



D = a vector of destructed quantities.

Carrying out the calculations yield (all quantities in Mg)
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The sum of the elements of X1b is equal to 564.324 Mg.

Estimates expressed in Gg CO2-equivalent are obtained as a scalar product of X1a and X1b with G (a vector consisting of GWP-values for each species), divided by 1000:

[image: image26.wmf][

]

[

]

.

1220

1000

/

7000

140

3800

1300

2800

650

446

.

2

757

.

3

579

.

119

818

.

297

154

.

125

570

.

15

1000

/

1090

1000

/

7000

140

3800

1300

2800

650

446

.

2

757

.

3

034

.

122

715

.

195

663

.

123

340

.

12

1000

/

1

.

,

1

1

.

,

1

=

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

=

=

=

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

=

=

G

X

X

G

X

X

b

eq

b

a

eq

a


The quantities correspond to 7% and 8% increase from previous year, respectively.

Actual emissions

Actual emissions are given by

X2 = X1b – (N + M + Ip – Ep) ( ,

where
T1b = a vector of Tier 1b potential emissions



N = a vector of quantities used in installing new equipment and converting existing 


equipment to a new refrigerant



M = a vector of quantities used in manufacturing equipment



Ip = a vector of quantities imported in products



Ep = a vector of quantities exported in products



( = a scalar to account for disposal emissions, given by

[image: image27.wmf],

)

1

(

1

1

L

g

+

-

=

a


where
g = annual growth of Tier 1a potential emissions, and



L = average equipment lifetime.

For average lifetime, a value of 10 years is assumed, consistent with the previous inventory (Oinonen 2004). A value for g was calculated based on observed changes in Tier 1a potential emissions. A geometric mean of annual growth in Tier 1a emissions between 1994 and 2003 yield a value of 28.9%. Substituting these values in above equation yield
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Actual emissions are then
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The sum of the elements of T2 is equal to 263.776 Mg. Emissions were thus 43% higher than in 2002.

Estimates expressed in Gg CO2-equivalent are
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Expressed in CO2-equivalents, emissions were 47% higher than in 2002.

SF6 from electrical equipment (CRF 2.F 7 )
The principle of conservation of mass says that any input of gas minus output of gas must equal accumulation of gas within the system (Finland, let's call it briefly S)

min – mout = macc, 
(Assuming generation within S is zero.)

(1)

where

min = input of gas into S over a given period of time

mout = output of gas from S over a given period of time

macc = accumulation of gas within S over a given period of time.

Some proportion of quantity mout is formed of releases into the atmosphere above S. This proportion of gas flowing out of S is the object of analysis. Let us denote this quantity by x. To be able to calculate x, we need to account for all the components of min, mout and macc. First of all, input of mass into system S may take place via import of gas–containing equipment and containers. Thus

min = i = ie + ic, 


(2)

where


i = imported mass over a given period of time ((t)

ie = mass imported in equipment over (t
ic = mass imported in containers over (t.

Second, output of gas from system S may take place in form of exports and emissions

mout = e + x = ee + ec + x,


(3)

where

e = exported mass over (t
ee = mass exported in equipment over (t
ec = mass exported in containers over (t
x = mass emitted into atmosphere over (t.

Thirdly, gas accumulated within the system may be estimated as the sum of the masses of gas accumulated (banked) in equipment and in containers

macc = b = be + bc,


(4)

where

b = mass banked over (t
be = mass banked in equipment over (t
bc = mass banked in containers over (t.

Moreover, there are two separate stocks of be: (1) gas in equipment sold to users and banked at users as new capacity, and (2) gas imported in equipment, or charged into new equipment at the factory within S, but not sold, and thus banked in importers and manufacturers stocks. The banked quantity is affected by the retiring capacity (old equipment taken out of use); it reduces the total quantity of gas banked in equipment over a given period of time. We thus have

be = be,u + be,st – re,u,


(5)

where


be,u = mass banked in users' equipment over (t

be,st = mass banked in manufacturers and importers stocks over (t

re,u = the nameplate capacity of retiring equipment over (t.

In practice, be,st can be estimated from

be,st = ie + ce – ee – se, 


(6)

where

ce = quantity charged into equipment within S over (t
se = quantity sold in equipment for use within S over (t.

be,u appearing in (5) is estimated as the sum of se and the nameplate capacity of new equipment that is charged with gas during installation.

Similar equation holds for quantities banked in containers, bc = bc,u + bc,st. It is assumed that there is no "retiring" quantities of unused gas. Equation (4) can then be rewritten as

macc = be,u + be,st – re,u + bc,u + bc,st. 

(7)

Substituting (2), (3) and (7) into (1), and rearranging, gives

x = ie + ic + re,u – ee – ec – be,u – be,st – bc,u – bc,st.
(8)

x is thus the residual amount of gas, imported into S over (t, which was not further exported from the system during that period of time, and which was not banked in equipment or in containers. It should be noted that in equation (8) all terms, excluding re,u, are estimated from activity for a given calendar year (or over a period of years). re,u, on the other hand, must be estimated from historical data, or from current data using extrapolation. In both cases some average lifetime of equipment need to be assumed.

UNFCCC guidelines require emissions to be quantified using two additional models besides that given by equation (8). These models give an estimate of what are called potential emissions, and are defined as follows (remembering that generation and destruction does not take place within S):

x1a = ic – ec



(9)

x1b = i – e.



(10)

Models (9) and (10) are called Tier 1a and Tier 1b, respectively.

HFCs from foam blowing (CRF 2.F 2)

Emissions of HFC-134a used as foam blowing agent were calculated using the Tier 2 model described in the Good Practice Guidance (pp. 3.93–3.95)
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where

AEt,i are HFC blowing agent (actual) emissions from foam type i in year t,

fM,i is the emission factor describing manufacturing and first year losses for the given foam type (note that emission factor is assumed time-independent),

Bt,i is the amount of HFC blowing agents banked in foams of type i in year t,

fB,i is the emission factor describing HFC blowing agent losses from foam of type i in use, 

Rt,i are the HFC blowing agent losses occurring during decommissioning of retiring foam products of type i in year t, and 

Dt,i is the amount of HFC blowing agents destroyed in year t (recovered from foams of type i). 

For the purposes of this document, the notation was modified from that used in the Good Practice Guidance.

Given the recent introduction of HFC blowing agents and the long average lifetime of foam products, both Rt,i and Dt,i were taken to equal zero:
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Good Practice Guidance (2000) and the Guidelines give little advice on how to estimate Bt,i, the amount of blowing agent banked in given type of foam in given year (new blowing agent introduced to the bank annually, as well as the effect of leakage from products in use, should be modeled into the equation). In the Finnish inventory, the amount of blowing agent banked in foams was modeled as
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That is, the amount of HFC banked in a given type of foam in year t in Finland equals the total amount of that HFC blown into that type of foam since the introduction of that blowing agent, and not emitted during manufacturing, 
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 less the amount that was exported in products manufactured in Finland, 
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Actual emissions from foam type i in year t are thus given by
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Total HFC blowing agent emissions from all foam types in year t are then given by
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HFCs from aerosols and metered dose inhalers (CRF 2.F 4)

Emissions model used is from Good Practice Guidance (2000) (eq. 3.35 p. 3.85)
x = (1 – f)a + fb,



(1)




where f = 0.5,

a = Tier 1b potential emission in 2002 and 

b = Tier 1b potential emission in 2003. 

f is dimensionless, a and b have dimensions of mass. Note that the Good Practice Guidance talks about quantities of HFC and PFC contained in aerosol products sold each year. 

Equation above thus assumes that consumption – as defined by Tier 1b potential emissions – equal sales of aerosol products to Finland.

Potential emissions were calculated by

X1a = Ic, and




(2)

X1b = Ic + Ip – Ep.



(3)

where I denotes imports and E exports. 

Both are vectors consisting of quantities of HFC-134a and HFC-152a. Subscripts c and p are used for bulk import (import in containers) and import and export in products (aerosols), respectively. Production of HFC propellants used in aerosols, bulk exports, as well as destruction, are all equal to zero ("not occurring" in UNFCCC terminology), which is why they don't appear in (2) and (3). 

Equation (3) defines a and b of equation (1) as sums of the elements of X1b calculated for 2002 and 2003, respectively.

Since all variables of (2) and (3) are vectors with 2 elements (quantities of HFC-134a and HFC-152a) expressed in mass units, CO2-equivalent emissions are obtained by calculating the scalar product of X1a and X1b with vector G, which contains the GWP-values:

X1a,eq. = X1aG,




(4)
X1b,eq. = X1bG,




(5)

where G = [1300 140].

5. SOLVENT AND OTHER PRODUCT USE (CRF 3)

5.1 Overview of sector

Description

The solvent and other product use contribute a small amount to greenhouse gas emissions in Finland. The only direct greenhouse gas source in the solvent and other product use is use of N2O in industrial, medical and other applications reported under CRF category 3.D (Other).  In Finland, N2O is used in hospitals and by dentists to relieve pain and for detoxification. 

Under CRF categories 3.A (Paint application), 3.B (Degreasing and dry cleaning) and 3.C (Chemical products, manufacture and processing) Finland reports merely indirect greenhouse gas emissions (NMVOCs). CRF category 3.A include NMVOC emissions arising from the use of paints in industry and households. CRF category 3.B include emissions from degreasing in metal and electronics industries and dry-cleaners.  Under CRF category 3.C Finland reports NMVOC emissions from pharmaceutical, leather, plastic, textile industries, rubber conversion and manufacture of paints. 

The activities reported under CRF category 3.D (Other) causing NMVOC emissions are printing industry, preservation of wood, use of  pesticides, glass and mineral wool enduction, domestic solvent use and fat and oil extraction in the Finnish inventory.

Quantitative overview 

The most important greenhouse gas emissions from solvent and other product use in Finnish inventory in 2003 were the  N2O emissions from the use of N2O as anaesthesia (Table 5.1_1).

NMVOC emissions from the solvent and other product use is almost 20% of the total NMVOC emissions of Finland.

The N2O emissions from the CRF category 3 have been almost same during the 1990’s, but concurrently NMVOC emissions have decreased 45%.

Table 5.1_1. N2O and NMVOC emissions in 1990-2003 reported under the category Solvent and other product use (Gg).

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

N2O

















Other
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.15
0.14
0.13

NMVOC















Paint application
27.5
26
22
20.5
20
19
18
18
18
17.9
19.25
17
15.8
14.66

Degreasing and dry cleaning
2.6
2.3
2.1
1.8
1.7
1.5
1.3
1.3
1.3
1.2
1.26
0.72
0.99
0.99

Chemical products, manufacture and processing
3.95
3.5
3.3
3.4
3.45
3.4
2.55
2.45
2.55
2.2
1.93
2.5
3.82
3.08

Other
18.55
16.85
15.8
14.05
12.8
11.55
11.6
10.9
11.1
10.9
9.51
11.16
9.6
10.27

Key kategories

There are no key kategories in sector CRF 3 in Finnish inventory. 

5.2 Paint application (CRF 3.A), Degreasing and dry cleaning (CRF 3.B) and Chemical products, manufacture and processing (CRF 3.C)

5.2.1 Source category description 

No N2O emission occurs in these source categories.

Paint application is the biggest source of NMVOC emissions of the CRF category 3. Emissions have been calculated from the use of paints and varnish in industry and households. Most of Finnish paint producers or importers are members of the Association for Finnish Paint Industry and the use of those paints are calculated in the Association using amount and solvent content of sold paints and varnish.

Degreasing and dry cleaning is a minor source of NMVOCs. Chlorinated organic solvents are used in metal and electronics industries to clean surfaces of different components and in dry cleaners.

The NMVOC emissions are also developed from using of solvent in different industrial processes. In Finland these kind of processes are in pharmaceutical industry, leather industry, plastic industry, textile industry, rubber conversion and manufacture of paints and inks.

5.2.2 Methodological issues

Methods

Paint application (CRF 3.A)

NMVOC emissions are based on the emissions calculated by the Association for Finnish Paint Industry, a questionnaire sent to non-members of this association and emission data from the Regional Environment Centres´ VAHTI database. Questionnaire are sent also to companies which do not inform their emissions of production processes to the Regional Environment Centres. The emissions of the questionnaire are calculated at the Finnish Environment Institute based on the informed emissions or used chemicals of a company. These questionnaires has been sent for three inventories, starting from summer 2002 when the emissions of year 2001 were collected. Before that time the amount of emissions of non-members was estimated as 15 percent of emissions of members.

Degreasing and dry cleaning (CRF 3.B)

The NMVOC emissions are based on import statistics of pure chlorinated solvents, amount of products containing chlorinated organic solvents and amounts of solvent waste processed in the hazardous waste treatment plant.
Chemical products, manufacture and processing (CRF 3.C)

The emissions are foremost from emission data of the Regional Environment Centres’ VAHTI database. There are also sent questionnaires to companies in textile, plastic and paint industry in which they inform either amount of used solvent or emissions of their production processes.
Emission factors

For calculating NMVOC emissions from Paint application solvent content of a produced or imported paints is used as emission factor. For calculating NMVOC emissions from degreasing and dry cleaning emission factor of 0.7 kg/kg imported solvent is used. The emission factor is an expert estimation by the Technical Research Centre of Finland. For calculating NMVOC emissions from Chemical products, manufacture and processing the informed solvent content is used as emission factor.

Activity data

Paint application (CRF 3.A)

Activity data for use of paint is collected from companies which are not members of the Association for Finnish Paint Industry.
Degreasing and dry cleaning (CRF 3.B)

The amount of imported chlorinated solvents are from ULTIKA, import statistics of Finland. Amount of products containing these chemicals are expert estimation using information of the publication of the Technical Research Centre of Finland. The amount of solvent waste is from VAHTI database.

Chemical products, manufacture and processing (CRF 3.C)

Activity data of the use of solvents is collected from companies which do not inform their emissions to the VAHTI database.
5.2.3 Uncertainty and time series’ consistency

The uncertainty of emissions from N2O used for anaesthesia in 2003 was estimated at ‑34% to +38%.

5.2.4 Source-specific QA/QC and verification

Normal statistical quality checking related to assessment of magnitude and trends has been carried out. 

5.2.5 Source-specific recalculations including changes made in response to the review process 

There has not been recalculations since the last inventory submission.

5.2.6 Source-specific planned improvements

There is no active plans for improvements at the moment in this sourc ecategory.

5.3 Other (CRF 3.D)

5.3.1 Source category description

The N2O emissions in this category are from the use of N2O as anaesthesia. In 2003 these emissions totalled 39.99 Gg CO2 eq. The activities causing NMVOC emissions under this category are printing industry, preservation of wood, use of pesticides, glass and mineral wool enduction, domestic solvent use and fat and oil extraction. 

5.3.2 Methodological issues

Methods

The N2O emissions are calculated by Statistics Finland. Tier 2 calculation method is consistent with the IPCC Guidelines. For estimation of N2O emissions sales data is obtained from a few companies for the years 1990 and 1998. The emission estimation is base on assumption that all used N2O is emitted to atmosphere the same year it is used. From 1999 onwards the data is partly estimated due to non-response.

The NMVOC emissions are based on the emission data of the Regional Environment Centres’ VAHTI database, a questionnaire to presses and oil mills that do not report their emissions to VAHTI database, activity data from the Finnish Environment Institute’s Chemical Divisions database and emission calculation of the Finnish Cosmetics, Toiletry and Detergents Association.

Emission factors

Emission factors for use of pesticides (80 kg/t) and preservation of wood (100 kg/t) are country specific based on expert estimation at the Finnish Environment Institute’s Chemical Division. Emission factors used on results of questionnaires are mostly solvent content of used chemicals.

Activity data

For estimation of N2O emissions sales data is obtained from a few companies for the years 1990 and 1998. All used N2O is imported.

Activity data for NMVOCs is from Finnish Environment Institute’s Chemical Division.

5.3.3 Uncertainty and time series’ consistency

The uncertainty of emissions from N2O used for anaesthesia in 2003 was estimated at‑34% - +39%

5.3.4 Source-specific QA/QC and verification

Normal statistical quality checking related to assessment of magnitude and trends has been carried out.

5.3.5 Source-specific recalculations including changes made in response to the review process

No recalculations have been made since last inventory submission.
5.3.6 Source-specific planned improvements

No source specific improvements are under active consideration.

6. Agriculture(CRF 4)

6.1 Overview of sector 

Description 

Agricultural greenhouse gas emissions in Finland consist of CH4 emissions from enteric fermentation of domestic livestock and CH4 and N2O emissions from manure management. In addition, direct and indirect N2O emissions from agricultural soils are included. Direct N2O emissions from agricultural soils include emissions from synthetic fertilisers, manure applied to soils, biological nitrogen fixation of N-fixing crops, crop residues, sewage sludge application and cultivation of organic soils. Indirect N2O emission sources include atmospheric deposition and nitrogen leaching and run-off to watercourses. In previous inventories, also CO2 emissions from agricultural soils have been reported under the Agriculture sector. Now these emissions have been allocated to LULUCF-sector according to the UNFCCC reporting guidelines on annual inventories (FCCC/SBSTA/2004/8) (UNFCCC 2004). This affects the amount of total agricultural emissions during the time period 1990-2003 (Table 6.1_1).
Table 6.1_1 Agricultural emissions in the base year (1990) and in the inventory year (2003) when CO2 emissions have been reallocated into the LULUCF-sector (Tg CO2 eq.).

Agricultural greenhouse gas emissions in 1990
Agricultural greenhouse gas emissions in 2003

Before reallocation
10.10
8.26

After reallocation
6.93
5.47

Quantitative overview

Finland´s agricultural greenhouse gas emissions in 2003 were 5.47 Tg CO2 equivalents in total. Agriculture is the second largest greenhouse gas emission source category after energy sector with the 6.4% share of total greenhouse gas emissions in 2003 (Figure 6.1_1).  
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Figure 6.1_1. Agricultural emissions from the total greenhouse gas emissions in 2003.
Agricultural emissions have decreased about 21% over the period of 1990-2003 (Figure 6.1_2). One reason for this is Finland’s membership in the EU that resulted in changes in the economic structure followed by an increase in the average farm size and a decrease in the number of small farms (Pipatti 2001). Those changes caused also a decrease in the livestock numbers except for the number of horses that has increased in the recent years. The reduced use of nitrogen fertilisers and improved manure management resulting from the measures taken by the farmers as a part of an agro-environmental program aiming to minimise nutrient loading to water courses has also decreased the emissions. 
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Figure 6.2_2. Trend in agricultural emissions in 1990-2003 (Tg CO2 eq.).
Some fluctuation can bee noticed in the time series (Table 6.1_2). This is mainly due to changes in animal numbers which is largely affected by agricultural policy. Also, CH4 and N2O emissions from manure management are affected by the the fluctuation in animal numbers as well as the proportion of manure managed in different manure management systems which is dependent on animal species. N2O emissions from agricultural soils are affected by e.g. the amount of synthetic fertilisers sold annually, animal numbers and crop yields of cultivated plants which may have large variation between the years.

Table 6.1_2. Finland´s agricultural greenhouse gas emissions by source and gas in 1990-2003 (Gg).
Year
CH4
enteric fermen-tation

(Gg)
CH4
Manure

Mana-gement

(Gg)
N2O

manure

mana-gement

(Gg)
N2O

Agricul-tural

soils

(Gg)
Total

CH4
Emissions

(Gg)
Total

N2O

Emissions

(Gg)
Total

CH4

&

N2O

emissions

(Gg CO2 eq.)

1990
88.97
10.23
2.01
13.83
99.20
15.84
6992.41

1991
85.01
9.51
1.84
12.97
94.52
14.80
6574.19

1992
82.83
9.19
1.77
11.73
92.02
13.51
6119.27

1993
82.79
9.17
1.78
11.87
91.96
13.69
6174.81

1994
82.62
     9.26
1.77
11.74
91.88
13.52
6119.94

1995
77.78
10.82
1.61
12.27
88.60
13.88
6164.38

1996
78.10
10.84
1.63
11.83
88.94
13.46
6040.20

1997
78.87
11.27
1.68
11.54
90.14
13.22
5989.74

1998
77.01
10.99
1.65
11.17
88.00
12.81
5820.30

1999
75.74
10.71
1.59
10.89
86.45
12.47
5682.57

2000
75.29
10.62
1.54
11.02
85.90
12.57
5699.40

2001
74.51
10.24
1.49
10.81
84.75
12.30
5592.81

2002
74.39
10.44
1.51
10.66
84.83
      12.17
5554.61

2003
73.19
10.56
1.49
10.48
83.76
11.97
5469.87

Key kategories

Agricultural key kategories in 2003 calculted with IPCC Tier 2 method by level and trend were CH4 emissions from enteric fermentation with and without LULUCF, N2O emissions from manure management by level without LULUCF and by trend with and without LULUCF, and direct N2O emissions from agricultural soils (animal production and sludge spreading) and indirect N2O emissions from agricultural soils (both by level and trend with and without LULUCF).
6.2 Enteric Fermentation (CRF 4.A)

6.2.1 Source category description

This source category includes emissions from cattle (dairy cows, mother cows, bulls, heifers and calves), horses, pigs, sheep, goats and reindeer. Emissions from poultry and fur animals have not been estimated.

Methane emissions from enteric fermentation are produced as a by-product of the normal livestock digestive process. Feed consumed by the animal is fermented by the microbes being resident in animal´s digestive system. This process is called enteric fermentation. Methane that is produced is exhaled by the animal (Gibbs et al. 2002). The most important animal group producing methane is ruminants (e.g. cattle and sheep) but also other animals may be remarkable emission sources because of their great number (Pipatti 1994).

Methane emissions from enteric fermentation of domestic livestock comprised 28 % of total agricultural emissions in Finland, being 73.2 Gg in 2003. Emissions have decreased 18 % since 1990 due especially to decreasing number of cattle (Table 6.2_1). The number of dairy cattle, for example, declined from 490 000 in 1990 to 334 000 in 2003.

Table 6.2_1 CH4 emissions (Gg) from enteric fermentation in 1990-2003 by animal category (* Sum of figures differs from 100 due to rounding).
Year
Dairy cows
Mother

cows
Bulls
Heifers
Calves
Swine
Sheep
Goats
Horses
Reindeer
Total



1990
47.58
0.94
8.95
13.40
12.24
2.09
0.83
0.03
0.79
2.12
88.97

1991
43.68
1.41
8.67
13.07
12.18
2.02
0.85
0.03
0.82
2.30
85.01

1992
42.06
1.85
8.62
12.93
11.61
1.95
0.87
0.02
0.89
2.05
82.83

1993
42.31
2.20
8.37
13.27
10.96
1.91
0.96
0.02
0.88
1.91
82.79

1994
42.28
2.16
8.63
13.15
10.67
1.95
0.97
0.03
0.88
1.90
82.62

1995
40.99
1.93
6.57
11.57
10.59
2.10
1.27
0.03
0.89
1.84
77.78

1996
40.48
2.06
6.90
12.31
10.20
2.09
1.20
0.03
0.94
1.88
78.10

1997
41.16
2.15
7.25
12.05
10.08
2.20
1.20
0.04
0.96
1.79
78.87

1998
40.54
2.03
6.90
11.65
9.99
2.10
1.03
0.04
0.99
1.74
77.01

1999
40.05
1.96
7.10
11.48
9.51
2.03
0.85
0.04
0.98
1.73
75.74

2000
40.46
1.84
6.91
11.33
9.15
1.95
0.79
0.04
1.02
1.80
75.29

2001
40.45
1.80
6.69
11.13
9.09
1.89
0.77
0.04
1.02
1.64
74.51

2002
40.07
1.86
6.93
11.02
8.88
1.97
0.77
0.03
1.08
1.77
74.39

2003
39.09
1.86
6.95
10.96
8.63
2.06
0.79
0.03
1.08
1.74
73.19

Share of total (%) in 2003*
53.4
2.5
9.5
15.0
11.8
2.8
1.1
0.05
1.5
2.4


6.2.2 Methodological issues

Methods

Emissions from enteric fermentation of domestic livestock have been calculated by using IPCC Tier 1 and Tier 2 methodologies presented in the Revised IPCC Guidelines (IPCC 1997) and IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories (IPCC 2000). 

CH4 emissions from enteric fermentation have been calculated as follows (IPCC 2000, Eq. 4.12 and Eq. 4.13):

Methane emission (Gg/year) = emission factor (EF) (kg/animal/year) x number of animals/(106 kg/Gg)

Total CH4 emissions = (iEi

Index i = sums all livestock categories and sub-categories

Ei= emissions for the ith livestock categories and sub-categories

In Tier 1 method, total emissions have been calculated by multiplying the number of the animals in each category (horse, pig, sheep, goat) with the IPCC default emission factor of each animal category. The total emission is the sum of emissions from each category.
In Tier 2 method the total emissions have been calculated like in Tier 1 method above, but the emission factors has been calculated by using IPCC equations presented in IPCC (1997) and IPCC (2000). The Tier 2 method has been used for cattle, since emissions from cattle has been recognised as a key source in Finnish inventory. The Tier 1 method with IPCC default emission factors has been used for other animal categories (horse, pig, sheep, goat), because the share of emissions from these animal categories of total emissions is not significant at the moment. CH4 emissions from enteric fermentation of reindeer have been calculated by estimating the GE on the basis of Finnish literature (Nieminen et al. 1998) and calculating the respective emission factor by using IPCC equation (see equations in the annex in the end of the Chapter 6).
Activity data

The number of cattle, sheep, swine and goats was received from the Matilda-database maintained by the Information Centre of the Ministry of Agriculture and Forestry as well as from the Yearbook of Farm Statistics published annually by the Ministry of Agriculture and Forestry. The number of horses was received from the Finnish Trotting and Breeding Association (Suomen Hippos). The number of fur animals was received from Finnish Fur Breeders Association (Tarhaajan kalenteri 2003).  The number of reindeer was received from the Yearbook of Farm Statistics. Animal numbers are presented in Table 6.2_2.
Table 6.2_2 Number of livestock and fur animals in Finland in 1990-2003 (x1000) (Source: Ministry of Agriculture and Forestry (livestock), Finnish Trotting and Breeding Association (horses) and Finnish Fur Breeders Association (fur animals)).
Year
Cattle1
Horses2
Swine
Sheep
Goats
Poultry3
Reindeer
Fur animals4

1990
1359.7
43.9
1394.1
103.3
5.90
9662.5


239.1
5157.2



1991
1309.9
45.4
1344.3
106.7
5.35*
8928.9


259.6
3282.5



1992
1273.2
49.2
1297.9
108.4
4.80
9356.1


231.6
2596.8



1993
1252.3
49.1
1272.7
120.4
4.80
9639.2


215.3
2848.6



1994
1233.0
49.0
1298.3
121.1
5.70
9905.7
214.3
2880.3



1995
1148.1
49.5
1400.3
158.6
6.10
10357.7
208.1
3284.1



1996
1145.6
52.0
1395.4
149.5
6.50
9951.4


212.9
3748.6



1997
1142.4
53.1
1467.0
150.1
8.00
10826.6


202.6
4151.6



1998
1117.1
55.2
1401.0
128.3
8.10
11049.6


196.1
4321.6



1999
1086.8
54.5
1351.3
106.6
7.90
11033.6


195.4
3967.8



2000
1056.7
56.7
1297.6
98.9
8.50
12569.5


203.4
3705.1



2001
1037.3
56.6
1260.8
96.0
7.40
10553.6


185.7
3360.5



2002
1025.4
59.9
1315.0
95.9
6.60
10734.0


199.7
3540.5



2003
1000.6
60.2
1375.0
98.4
6.80
10997.1


196.7
3410.3



1 Includes dairy cows, mother cows, bulls (>1 years), heifers and calves (<1 years).

2 Source: Finnish Trotting and Breeding Association (Suomen Hippos).

3 Includes laying hens, chickens, cockerels, broiler hens, broilers, turkeys and other poultry. The number of broilers, cockerels, turkeys and other   poultry for 1991-1994 was not available, data obtained by interpolation. The number of broiler hens was not available for 1990-1994, data obtained by extrapolation. Data for turkeys and other poultry for 1996 was not available, average for 1995 and 1997 was used.

4 Includes minks, fitches, foxes and racoons (number of pelts produced annually).

* The number of goats was not available, data obtained by interpolation.

Emission factors and other parameters

IPCC default emission factors were used for calculating CH4 emissions from enteric fermentation of swine, sheep, goats and horses (Tier 1 method). National emission factors were calculated with the Tier 2 method for cattle by using IPCC equations. Cattle category has been divided into the following sub-categories: dairy cows, mother cows, bulls, heifers and calves for which separate emission factors have been calculated, respectively. IPCC gives no default emission factor for reindeers, thus it has been calculated by using national methodology for estimating gross energy intake of reindeer. Emission factors are presented in Table 6.2_3. The equations used for calculating emission factors are presented in the annex at the end of the Chapter 6 (except for the reindeer). 

Emission factors for cattle are updated annually. EF´s for other animal groups will be updated if more national data will become available. Emission factor for reindeer is very preliminary and needs to be developed further.

Table 6.2_3. Emission factors for each animal category used for calculating CH4 emissions from enteric fermentation. 
Animal 

category
Emission factor (kg CH4 / animal/yr)
EF type
Method for calculating EF

Dairy cow
117.06
National
IPCC, Tier 2

Mother cow
66.07
National
IPCC, Tier 2

Bull
60.15
National
IPCC, Tier 2

Heifer
61.24
National
IPCC, Tier 2

Calf
25.08
National
IPCC, Tier 2

Reindeer
8.85
National
National

Swine
1.50
IPCC default
IPCC, Tier 1

Sheep
8.00
IPCC default
IPCC, Tier 1

Goat
5.00
IPCC default
IPCC, Tier 1

Horse
18.00
IPCC default
IPCC, Tier 1

Additional information needed for calculating emission factors for each cattle species are animal weight, average daily weight gain, milk production per dairy cow and mother cow, digestible energy of forage and length of pasture season. This information has been received from the Association of Rural Advisory Centres. Estimated weight of dairy cow is presented in Table 6.2_4. The weights of mother cows, bulls, heifers and calves are estimated to have been constant in 1990-2003 being 650 kg, 500 kg, 460 kg and 150 kg, respectively. The amount of milk produced per dairy cow and fat content of milk is presented in Table 6.2_5. The milk production of mother cow has been estimated to remain constant in 1990-2003 being 1620 kg/yr.  Average daily weight gain for cattle is estimated to remain constant in 1990-2003 being 0, 0, 1, 0.7 and 0.8 kg for dairy cow, mother cow, bull, heifer and calf, respectively (Source: Association of Rural Advisory Centres).

Table 6.2_4. Number of cattle in sub-groups and weight of dairy cows in 1990-2003.
Year
Dairy cows Number

(x 1000)
Dairy cows Weight2
(kg)
Mother cows Number

(x 1000)
Bulls

(>1 year)

Number

(x 1000)
Heifers Number

(x 1000)
Calves

(<1 year)

Number

(x 1000)

1990
489.9
503
14.2
148.9
218.8
487.9

1991
445.6
506
21.2
144.1
213.5
485.5

1992
428.2
511
27.9
143.3
211.1
462.7

1993
426.4
517
33.1
139.2
216.7
436.9

1994
416.7
522
32.6
143.5
214.8
425.4

1995
398.7
527
29.1
109.2
189.0
422.1

1996
392.2
533
31.1
114.7
201.1
406.5

1997
390.9
538
32.4
120.5
196.8
401.8

1998
383.1
541
30.6
114.8
190.3
398.3

1999
372.4
544
29.6
118.1
187.5
379.2

2000
364.1
550
27.8
114.9
185.0
364.9

2001
354.8
550
27.2
111.3
181.7
362.3

2002
347.8
550
28.1
115.3
180.0
354.2

2003
333.9
550
28.1
115.5
179.0
344.1

1 Source: Information Centre of the Ministry of Agriculture and Forestry.

2 Source: Association of Rural Advisory Centres.

Table 6.2.5. Data of milk properties used for calculating CH4 emissions from enteric fermentation in 1990-2003.
Year
Fat content of milk1 (%)
Milk production2 (kg/yr)

1990
4.35
5713

1991
4.35
5788

1992
4.34
5781

1993
4.38
5817

1994
4.35
6045

1995
4.34
6161

1996
4.33
6173

1997
4.32
6368

1998
4.31
6412

1999
4.24
6636

2000
4.23
6990

2001
4.23
7303

2002
4.22
7445

2003
4.24
7626


1 Source: Publication of the Ministry of Agriculture and Forestry (Tietokappa). Assumed to be same for dairy cow and mother cow.


2 Source: Association of Rural Advisory Centres.
6.2.3 Uncertainty and time series’ consistency

Uncertainty in CH4 emissions from enteric fermentation of domestic livestock was estimated at -20 to +30% in 2003. Uncertainty estimates of animal numbers were based on knowledge of reliability and coverage of data collection. For example, cattle has individual ear marks that enable very accurate assessment of animal numbers (uncertainty of ±3%), but uncertainty in animal numbers for other species in farms is higher (±5%). The uncertainty in animal numbers is estimated to be the highest for reindeer (±10%). In the calculation of uncertainty in emissions from enteric fermentation of other species than cattle, IPCC default uncertainties for emission factors were used excluding reindeer, for which national emission factor has been used. 

The uncertainty in Tier 2 method for estimating emissions from enteric fermentation of cattle was assessed by estimating uncertainty in each calculation parameter (except coefficients, whose importance was expected minor), and combining uncertainties using Monte Carlo simulation. 

Uncertainty in animal weight, weight gain and milk production for each animal sub-group was estimated utilising knowledge of deviation in weights of animal population and in milk production. Information of measurement instruments reflecting to possible systematic error was also used. Uncertainties in different coefficients used for calculating energy related parameters (eg. GE) were estimated based on expert judgement. The most important parameters affecting the uncertainty were percentage of digestible energy (DE) and net energy used for maintenance (NEm).

Uncertainty in the category could probably be reduced by producing more country-specific parameters taking into account boreal climate and agricultural practices. Another possibility is to develop a more straightforward calculation method using the real energy intake of cattle based on knowledge on energy content of forage used in Finland.  

For other species than cattle, IPCC default uncertainty of (50% is used expect reindeer, for which uncertainty was estimated larger. 

Monte Carlo simulation has been used to combine the uncertainties of each calculation parameter in order to get the total uncertainty of the source category.  A detailed description of uncertainty analysis has been presented in Monni & Syri (2003), Monni (2004) and Monni et al. (in press). [Monni, S., Perälä, P. and Regina, K. Uncertainty in agricultural CH4 and N2O emissions from Finland - possibilities to increase accuracy in emission estimates. Mitigation and adaptation strategies for global change (in press)]

As there are no changes in calculation methods during 1990-2003, time series can be considered consistent. However, for some years animal numbers have not been available (eg. the number of goats in 1991 and the number of broilers in 1991, 1992, 1993, 1994), so linear interpolation of the data from adjacent years have been used to obtain the data. This may cause some inconsistency in the time series. This uncertainty in animal numbers is included in the uncertainty analysis of the source category.

6.2.4 Source-specific QA/QC and verification 

General (Tier 1) Quality Control (QC) procedures applied to category Enteric fermentation (CRF 4.A):

QA/QC plan for agricultural sector includes the following QC measures based on guidelines of IPCC (Penman et al. 2000, Table 8.1, p. 8.8-8.9). These measures are implemented every year during the agricultural inventory. Potential errors and inconsistencies are documented and corrections are made if necessary. 

Tier 2 QC for activity data:

QA/QC plan for agricultural sector includes the following Tier 2 QC measures for activity data. These measures are implemented every year during the agricultural inventory. Potential errors and inconsistencies are documented and corrections are made if necessary.

- Check that all relevant animal categories are included

- Check that data sources of all animal numbers are properly documented

- Check the consistency in animal numbers between agricultural statistics and calculation model

Tier 2 QC for emission factors:

QA/QC plan for agricultural sector includes the following Tier 2 QC measures for emission factors. These measures are implemented every year during the agricultural inventory. Potential errors and inconsistencies are documented and corrections are made if necessary.

- Check that correct emission factors are used for each animal category

- Check that source and magnitude of all emission factors are properly documented 

- Check that emission factors are calculated correctly

Source specific quality objectives for agricultural inventory have been set and documented. A more detailed QA/QC program of agricultural inventory is currently under development. 

Agricultural inventory has been under reviews of the UNFCCC secretariat, and improvements to the inventory have been made according to the suggestions of the review teams. No specific verification process has been implemented for the agricultural inventory but a special adjustments case-study between Finland and Germany was arranged in August 2004 where Finland´s agricultural inventory was reviewed by the German experts. All the experiences of this exercise will be implemented in the development of the inventory.

6.2.5 Source-specific recalculations including changes made in response to the review process 

New calculation model for agricultural inventory has been developed and used for the first time in the 2005 submission to the UNFCCC.  However, recalculations have not been made in this source category since the last submission because no changes was made.

6.2.6 Source-specific planned improvements

Calculations system is MS Excel worksheet model developed at the Technical Research Centre of Finland.  Calculation system is under further development at MTT Agrifood Research Finland.The time series concerning the activity data has been improved during the development period. However, some of the values may still need fine-tuning and improvement, especially those values which are based on expert judgement (eg. animal weight, daily weight gain and mature weight). These should be replaced with the results of national research data if possible. 

An idea of changing the method so that it would be based on the feed consumption of cattle instead of estimating this indirectly from the data on animal weight, daily weight gain etc. has been put forward by the VTT Technical Research Centre of Finland and will be further examined at the MTT Agrifood Research Finland. However, because Finland is using IPCC Tier 2 approach for calculating CH4 emissions from enteric fermentation of cattle, which is a key source, changing methodology is not considered as a most urgent development target. The focus should first be put into improving the accuracy of activity data and other calculation parameters. 

The emission factor for CH4 emissions from enteric fermentation of reindeer is very preliminary and should be re-estimated in co-operation with Sweden and Norway.

6.3 Manure Management (CRF 4.B)

6.3.1 Source category description

This emission source covers manure management of domestic livestock. Finland reports both nitrous oxide (N2O) and methane (CH4) emissions from manure management of cattle (including dairy cows, mother cows, heifers, bulls and calves), swine, horses, goats, sheep and poultry. Emissions from reindeer as well as emissions from fur animals are included for the first time in 2005 submission.

Nitrous oxide is produced by the combined nitrification-denitrification processes occurring in the manure nitrogen (Jun et al., 2002). Nitrification is an aerobic process where ammonia is converted to nitrate. In anaerobic denitrification nitrate is converted to nitrous oxide. Methane is produced in manure during decomposition of organic material by anaerobic and facultative bacteria under anaerobic conditions (Jun et al., 2002). The amount of emissions is dependent e.g. on the amount of organic material and climatic conditions.
Nitrous oxide and methane emissions from manure management were 1.49 Gg and 10.56 Gg in 2003, respectively. Nitrous oxide emissions from manure management were about 8.5 % and methane emissions about 4.0 % of total agricultural emissions in 2003. Nitrous oxide emissions from manure management have decreased 26 % over the time period 1990-2003 (Table 6.3_1). Methane emissions from manure management have been fluctuating 1990-2003 but overall there is a minor increase in emissions in 2003 related to 1990 (1 %) (Table 6.3_2). This is due to increase in the number of animals kept in a slurry-based system. The fluctuation in emissions is related to both changes in animal numbers, which is largely dependent on agricultural policy, as well as changes in the distribution of manure management systems used. Slurry-based systems increase methane emissions per animal by 10 % compared to the solid storage or pasture (IPCC 2000). 

A noticeable increase in CH4 emissions from manure management between 1994 and 1995 can be seen from the time series. This is due to increase in the proportion of manure handled as slurry, increase in cattle productivity affecting the EF via parameter GE, and increase in the number of pigs (8 %). 

Table 6.3_1. N2O emissions from manure management in 1990-2003 by animal type (pasture not included).
Year
Dairy cows
Mother cows
Bulls
Heifers
Calves
Swine
Sheep
Goats
Horses
Poultry
Fur animals
Reindeer
Total



1990
0.79
0.02
0.18
0.15
0.12
0.28
0.04
0.002
0.06
0.15
0.22
0
2.01

1991
0.72
0.02
0.18
0.15
0.12
0.27
0.04
0.002
0.06
0.14
0.15
0
1.84

1992
0.69
0.03
0.18
0.14
0.11
0.26
0.04
0.002
0.07
0.14
0.12
0
1.77

1993
0.69
0.04
0.17
0.15
0.11
0.25
0.04
0.002
0.07
0.14
0.13
0
1.78

1994
0.67
0.04
0.17
0.15
0.10
0.26
0.04
0.002
0.07
0.14
0.13
0
1.77

1995
0.60
0.05
0.18
0.12
0.09
0.22
0.06
0.002
0.07
0.15
0.15
0
1.61

1996
0.59
0.03
0.12
0.13
0.09
0.22
0.05
0.002
0.07
0.15
0.17
0
1.63

1997
0.59
0.03
0.12
0.12
0.09
0.23
0.05
0.003
0.07
0.15
0.20
0
1.68

1998
0.58
0.03
0.13
0.12
0.09
0.22
0.05
0.003
0.07
0.15
0.21
0
1.65

1999
0.56
0.03
0.13
0.12
0.08
0.21
0.04
0.003
0.07
0.14
0.20
0
1.59

2000
0.55
0.03
0.13
0.12
0.08
0.21
0.04
0.003
0.08
0.15
0.18
0
1.54

2001
0.54
0.03
0.12
0.11
0.08
0.20
0.03
0.003
0.08
0.14
0.16
0
1.49

2002
0.53
0.03
0.12
0.11
0.08
0.21
0.03
0.002
0.08
0.14
0.18
0
1.51

2003
0.50
0.03
0.12
0.11
0.07
0.22
0.04
0.002
0.08
0.14
0.17
0
1.49

Share of total (%) in 2003*
33.6
2.0
8.1
7.4
4.7
14.8
2.7
0.1
5.4
9.4
11.4
0


* Sum of figures differs from 100 due to rounding.

Table 6.3_2. CH4 emissions from manure management in 1990-2003 by animal type.
Year
Dairy cows
Mother 

cows
Bulls
Heifers
Calves
Swine
Sheep
Goats
Horses
Poultry
Fur animals
Reindeer
Total

1990
3.12
0.02
0.52
0.60
0.54
3.87
0.02
0.001
0.06
0.71
0.69


0.03


10.23

1991
2.87
0.03
0.51
0.58
0.54
3.74
0.02
0.001
0.06
0.65
0.44


0.03


9.51

1992
2.76
0.04
0.50
0.57
0.52
3.61
0.02
0.001
0.07
0.69
0.35


0.03


9.19

1993
2.78
0.04
0.49
0.59
0.49
3.54
0.02
0.001
0.07
0.71
0.38


0.03


9.17

1994
2.77
0.04
0.50
0.58
0.47
3.61
0.02
0.001
0.07
0.74
0.38


0.02


 9.26

1995
2.99
0.04
0.48
0.58
0.55
4.72
0.03
0.001
0.07
0.89
0.44


0.02


10.82

1996
2.95
0.04
0.50
0.62
0.53
4.71
0.03
0.001
0.07
0.86
0.50


0.02


10.84

1997
3.00
0.05
0.53
0.60
0.52
4.95
0.03
0.001
0.08
0.94
0.55


0.02


11.27

1998
2.95
0.04
0.50
0.58
0.52
4.73
0.02
0.001
0.08
0.95
0.57


0.02


10.99

1999
2.92
0.04
0.52
0.58
0.50
4.56
0.02
0.001
0.08
0.95
0.53


0.02


10.71

2000
2.95
0.04
0.50
0.57
0.48
4.38
0.02
0.001
0.08
1.08
0.49


0.02


10.62

2001
2.95
0.04
0.49
0.56
0.47
4.25
0.02
0.001
0.08
0.88
0.45


0.02


10.24

2002
2.92
0.04
0.50
0.55
0.46
4.44
0.02
0.001
0.09
0.60
0.47


0.02


10.44

2003
2.85
0.04
0.51
0.55
0.45
4.64
0.02
0.001
0.09
0.91
0.45


0.02


10.56

Share of total (%) in 2003*
27.0
0.4
4.8
5.2
4.3
43.9
0.2
0.01
0.9
9.0
4.3
0.19


* Sum of figures differs from 100 due to rounding.

6.3.2. Methodological issues

Methods
Nitrous oxide

Nitrous oxide emissions from manure management have been calculated by using IPCC methodology (IPCC 2000, Eq. 4.18). The equation is described in the annex in the end of the Chapter 6. The amount of nitrogen excreted annually per animal has been divided between different manure management systems and multiplied with a specific emission factor (IPCC default value) for each manure management system. Manure management systems reported in the inventory are slurry, solid storage and pasture (Table 6.3_4). N excretion during the year per each animal and the distribution of manure management systems are national values (Table 6.3_3). For dairy cattle it has been estimated that 25 % of cows spend nights inside (14 h) during pasture season. The length of pasture season has been estimated as 130 days for mother cows, 120 days for dairy cows, heifers, calves, sheep, goats and horses, 365 for reindeer and 0 for bulls, swine, poultry and fur animals.  Note that emissions from pasture are calculated under manure management but are reported under animal production in CRF 4.D.

Methane

Methane emissions from manure management are calculated in the same generic way as emissions from enteric fermentation, i.e. by multiplying the number of the animals in each category with the emission factor for each category (IPCC 2000, Eq. 4.15). IPCC provides two tiers for calculating CH4 emissions from manure management. In Finland Tier 2 for all animal categories is used, which requires developing national emission factors for calculations on the basis of detailed data on animal characteristics and manure management systems. Equations used for calculating CH4 emissions from manure management are presented in the annex in the end of the Chapter 6.

Activity data

Animal numbers used for calculating nitrous oxide and methane emissions from manure management are the same used for calculating methane emissions from enteric fermentation (Table 6.2_2) with minor changes: emissions from poultry as well as emissions from fur animals are also included. The number of cattle was received from the Matilda-database of the Ministry of Agriculture and Forestry as well as from the Yearbook of Farm Statistics (Maatilatilastollinen vuosikirja) published by the Ministry of Agriculture and Forestry. The number of horses was received from the Finnish Trotting and Breeding Association (Suomen Hippos) and the number of fur animals from Finnish Fur Breeders Association (Tarhaajan kalenteri 2003).  The distribution of different manure management systems was received from published literature (Seppänen & Matinlassi, 1998) and annual N excretion per animal was also received from literature (Ministry of the Environment (1998) and Impiö (1993) (Table 6.3_3). 

Table 6.3_3. Annual average N excretion per animal (kg N/animal/year) (Source: Ministry of the Environment (1998) and Impiö (1993)).

Animal


Dairy cows
100

Mother cows
55

Bulls (>1 year)
55

Heifers 
45

Calves (<1 year)
16

Swine
11

Sheep
17

Goats 
17

Horses
65

Laying hens
0.8

Chickens
0.2

Cockerels
0.2

Broiler hens 1
0.8

Broilers
0.2

Turkeys
0.6

Other Poultry
0.2

Mink and fitch
1

Fox and racoon
2

Reindeer 2
17

1) No value available, assumed to be the same as for laying hens.

2) No value available, assumed to be the same as for goats and sheep.
Table 6.3_4. Fraction of manure managed in each manure management system (Source: Seppänen & Matinlassi 1998).

1990
1995
1998
2003*

Dairy cows





Pasture
0.28
0.28
0.28
0.28

Slurry
0.22
0.25
0.25
0.25

Solid storage
0.50
0.47
0.47
0.47







Mother cows





Pasture
0.36
0.36
0.36
0.36

Slurry
0.03
0.04
0.04
0.04

Solid storage
0.61
0.61
0.61
0.61







Heifers





Pasture
0.33
0.33
0.33
0.33

Slurry
0.20
0.24
0.24
0.24

Solid storage
0.47
0.43
0.43
0.43







Calves (under 1 year)




Pasture
0.33
0.33
0.33
0.33

Slurry
0.20
0.26
0.26
0.26

Solid storage
0.47
0.42
0.42
0.42







Sheep





Pasture
0.33
0.33
0.33
0.33

Slurry
0.00
0.00
0.00
0.00

Solid storage
0.67
0.67
0.67
0.67







Goats





Pasture
0.33
0.33
0.33
0.33

Slurry
0.00
0.01
0.01
0.01

Solid storage
0.67
0.67
0.67
0.67







Horses





Pasture
0.33
0.33
0.33
0.33

Slurry
0.00
0.00
0.00
0.00

Solid storage
0.67
0.67
0.67
0.67







* Data for years 1998-2003 not available, same value used as for 1998.

Emission factors and other parameters

Nitrous oxide

The IPCC default emission factors have been used for each manure management system. Manure management systems included in the inventory are pasture, solid storage and slurry (Table 6.3_5). 

Table 6.3_5. IPCC default emission factors for N2O from manure management and related uncertainties
Manure management system
Emission factor 

(kg N2O-N/kg )
Uncertainty

range of EF
Source of the

Uncertainty Estimate

Pasture
0.02
-85/+15 % (beta)
Monni & Syri (2003)

Solid storage
0.02
-85/+15 % (beta)
Monni & Syri (2003)

Slurry
0.001
-50% / +100% (lognormal)
Penman et al. (2000)

Methane

The national emission factor for each cattle sub-category has been calculated by using the IPCC Tier 2 methodology (IPCC 2000, Eq. 4.17). Equations are presented in annex in the end of the Chapter 6. For calculation of emission factors, both IPCC default values and national data have been used. Emission factors are presented in Table 6.3_6.

For cattle, emission factors have been calculated by using the IPCC (IPCC 1997; IPCC 2000) default values for ash content of manure, Methane Producing Potential (Bo) and Methane Conversion Factor (MCF). Gross energy intake (GE) has been calculated by using national values of digestible energy (DE %), fraction of animal´s manure managed annually in each manure management system (MS), average milk production and animal weight. Same values for gross energy intake (GE) for cattle has been used as for calculating methane emissions from enteric fermentation. Volatile solids excretion (VSi) has been calculated by using GE values above. 

For other animals, emission factors have been calculated by using the IPCC (IPCC 1997;IPCC 2000) default values for ash content of manure, Methane Producing Potential (Bo), Methane Conversion Factor (MCF) and volatile solids excretion (VSi). For MCF, a default value of 10 % (IPCC 1997) has been used for slurry instead of 39 % (IPCC 2000) due to Finland´s climatic conditions. Support for the use of this value is found from Sweden as described in Dustan (2002). No information about VSi for reindeer was available so IPCC default value for goats was used. For fur animals, VSi value is based on expert judgement being 0.17 kg/head/day. No default value for Bo for fur animals exists, so IPCC default value for poultry was used. For reindeer it is assumed that all manure is deposited on pastures and for fur animals it is assumed that all manure is managed as solid. 

Table 6.3_6. National emission factors used for calculating CH4 emissions from manure management.
Animal category


Emission factor

 (kg CH4/head/year)

Dairy cows
8.53

Mother cows
1.41

Bulls
4.37

Heifers
3.07

Calves
1.31

Swine
3.37

Sheep
0.19

Goats
1.12

Horses
1.42

Poultry
0.09

Reindeer
0.12

Minks and fithces
0.13

Foxes and racoons
0.13

6.3.3 Uncertainty and time series’ consistency

Uncertainty in N2O emissions from manure management was estimated at -80 to +30% in 2003. Animal numbers and related uncertainties used for manure management were the same as for enteric fermentation. Estimation of uncertainty in N2O emission factor for manure management was rather complicated. Some studies (e.g. Amon et al. 2001; Hűther 1999; Amon et al. 1997) reveal that emissions from solid manure are, in cold climate, smaller than estimated by using the IPCC method (IPCC 2000). The uncertainty in this emission source was therefore modelled with negatively skewed distribution based on above mentioned studies, to implicate the possibility of smaller emissions than estimated. Uncertainty in emission factors of N2O could probably be reduced by gathering more national data from gas flux measurements in order to study the suitability of the IPCC default emission factors to the boreal climate.

Uncertainty in CH4 emissions from manure management was estimated at ±16% in 2003. Animal numbers and related uncertainties used for manure management were the same as for enteric fermentation. Uncertainty estimate of CH4 emission factor for manure management for all species (±30%) was based on uncertainty estimates of other countries, i.e. Norway, the Netherlands, the USA (Rypdal & Winiwarter 2001) and the UK (Charles et al. 1998), completed with expert judgement. Uncertainty could be reduced by collecting more information about the distribution of different manure management systems used in Finland and by gathering data from gas flux measurements in order to study the suitability of the IPCC default emission factors to the boreal climate, as for N2O.

Monte Carlo simulation has been used to combine the uncertainties of each calculation parameter in order to get the total uncertainty of the source category.  A detailed description of the uncertainty analysis has been presented in Monni & Syri (2003), Monni (2004) and Monni et al. (in press). [Monni, S., Perälä, P. and Regina, K. Uncertainty in agricultural CH4 and N2O emissions from Finland - possibilities to increase accuracy in emission estimates. Mitigation and adaptation strategies for global change (in press)]

The amount of N excreted annually per animal is based on publication of Grönroos et al. (1998) concerning ammonia emissions from agriculture in Finland. These values should be updated as the background for obtaining these values is not described detailed enough for the inventory purposes.

The amount of N excreted annually by the reindeer should be estimated in order to include the emissions into the inventory. 

6.3.4 Source-specific QA/QC and verification 

General (Tier 1) Quality Control (QC) procedures applied to category Manure management (CRF 4.B):

QA/QC plan for agricultural sector includes the following QC measures based on guidelines of IPCC (IPCC 2000, Table 8.1). These measures are implemented every year during the agricultural inventory. Potential errors and inconsistencies are documented and corrections are made if necessary. 

Tier 2 QC for activity data:

QA/QC plan for agricultural sector includes the following Tier 2 QC measures for activity data. These measures are implemented every year during the agricultural inventory. Potential errors and inconsistencies are documented and corrections are made if necessary.

- Check that all relevant animal sub-categories are included

- Check that data sources of all animal numbers are properly documented

- Check that data sources of nitrogen excretion per animal are properly documented

- Check the consistency of animal numbers between agricultural statistics and calculation model

- Check the consistency of time-series of animal numbers in the calculation model

- Check the consistency in distribution of different manure management systems between literature references and calculation model

- Check if there is new national data available for nitrogen excreted annually per animal

- Check if there is new national data available for estimating the distribution of different manure 






management systems
Tier 2 QC for emission factors:

- Check if there is new national data available for emission factors
Source specific quality objectives for agricultural inventory have been set and documented. A more detailed QA/QC program of agricultural inventory is currently under development. 

Agricultural inventory has been under reviews of the UNFCCC secretariat, and improvements to the inventory have been made according to the suggestions of the review teams. No specific verification process has been implemented for the agricultural inventory but a special adjustments case-study between Finland and Germany was arranged in August 2004 where Finland´s agricultural inventory was reviewed by the German experts. All the experiences of this exercise will be implemented in the development of the inventory.

6.3.5 Source-specific recalculations including changes made in response to the review process 
Recalculations have been made in this source category because new calculation model has been developed and used for the first time in the 2005 submission to the UNFCCC. CH4 and N2O emissions from reindeer and fur animals were included into the model. Also, annual N excretion per animal was updated. 
6.3.6 Source-specific planned improvements 

Nitrogen excreted annually per animal should be updated on a basis of national measurement data or recalculated with a different model. In order to get the best results, co-operation with animal nutritionists is required. For this submission all values were updated on the basis of the publication of the Ministry of the Environment after discussion with nutritional experts who suggested that values previously used were too low. However, no better reference was available for this submission. Further efforts will be made in order to improve the data in the forthcoming submissions.

The distribution of different manure management systems should be updated regularly. However, little information about the distribution of different manure management systems exists in Finland. Data collecting methodology related to this issue should be improved. There has been discussion with the Information Centre of the Ministry of Agriculture and Forestry and efforts will be made to improve data availability in the future. 

6.4 Rice cultivation (CRF 4.C)


Rice is not cultivated in Finland.

6.5 Agricultural Soils (CRF 4.D)

6.5.1 Source category description

This source category includes direct and indirect nitrous oxide emissions from agricultural soils. Direct emissions include emissions from synthetic fertilisers, animal manure applied to soils, crop residue, N-fixing crops, sewage sludge and cultivation of organic soils. Indirect emissions include emissions arising from N volatilised as NH3 and NOx as well as N leached from synthetic fertilisers, manure and sewage sludge applied to soils. Nitrous oxide emissions from sewage sludge are reported as other source in the CRF table 4s 2. The emissions from nitrogen excreted to pasture range and paddocks by animals are reported under animal production in CRF table 4 D.

Nitrous oxide is produced in agricultural soil as a result of microbial nitrification-denitrification processes. The processes are driven by drivers like the availability of mineral N substrates and carbon, soil moisture, temperature and pH. Thus, addition of mineral nitrogen in the form of synthetic fertilisers, manure, crop residue, N-fixing crops and sewage sludge enhance the formation of nitrous oxide emissions (Smith et al., 2002). Nitrous oxide emissions arise also as a result of the mineralisation of soil organic matter, which is particularly intensive in cultivated organic soils.

Nitrous oxide emissions from agricultural soils are a remarkable emission source comprising 59 % of total agricultural emissions in 2003. However, emissions have decreased 24 %, from 13.83 Gg in 1990 to 10.48 Gg in 2003 (Table 6.5_1). The main reasons causing this reduction are the decrease in animal numbers which affects the amount of nitrogen excreted annually to soils, decrease in the amount of synthetic fertilisers sold annually and decrease in the area of cultivated organic soils. Some parameters,  eg. the annual crop yiels affecting the amount of crop residues produced annually, cause the fluctuation in the time series but this fluctuation does not have much effect for the overall N2O trend.

Table 6.5_1. Direct and indirect Nitrous oxide emissions from agricultural soils by source category (Gg).
Year
Synthetic fertilisers
Manure applied to soils
Manure deposited on pastures
Crop residues
N-fixation
Cultivation of organic soils
Sewage sludge application
Atmospheric deposition
Leaching and run-off
Total 

1990
4.46
1.18
0.56
0.60
0.01
4.61
0.04
0.56
1.81
13.83

1991
3.95
1.09
0.54
0.49
0.04
4.53
0.03
0.52
1.78
12.97

1992
3.19
1.05
0.53
0.44
0.04
4.45
0.03
0.50
1.52
11.73

1993
3.28
1.05
0.51
0.51
0.04
4.37
0.03
0.50
1.57
11.87

1994
3.30
1.05
0.51
0.49
0.02
4.29
0.04
0.50
1.56
11.74

1995
3.82
1.02
0.48
0.49
0.02
4.21
0.04
0.50
1.70
12.27

1996
3.51
1.03
0.50
0.51
0.02
4.12
0.05
0.50
1.62
11.83

1997
3.31
1.06
0.48
0.52
0.02
4.04
0.04
0.51
1.57
11.54

1998
3.32
1.03
0.46
0.38
0.01
3.96
0.01
0.49
1.51
11.17

1999
3.18
1.00
0.45
0.42
0.01
3.88
0.01
0.48
1.47
10.89

2000
3.27
0.97
0.45
0.54
0.02
3.79
0.01
0.47
1.52
11.02

2001
3.24
0.94
0.43
0.51
0.02
3.72
0.01
0.45
1.49
10.81

2002
3.13
0.95
0.43
0.55
0.02
3.64
0.01
0.46
1.48
10.66

2003
3.12
0.94
0.43
0.50
0.02
3.55
0.01
0.45
1.46
10.48

Share of total (%) in 2003
29.8
9.0
4.1
4.8
0.2
33.9
0.1
4.3
13.9


6.5.2 Methodological issues

Methods

Nitrous oxide emissions from agricultural soils have been calculated by using IPCC methodology. Both direct and indirect emission sources have been included. See detailed equations in annex in the end of the Chapter 6.

Direct emissions have been calculated using equation 4.20 in IPCC Good Practice Guidance (IPCC 2000). Indirect emissions have been calculated using equation 4.32 for atmospheric deposition and 4.36 for leaching and run-off (IPCC 2000), excluding fraction used as feed and fraction used as construction material. Since previous submission, methodology has been developed towards mass-flow approach in order to avoid double-counting by subtracting the fraction lost as NH3 and NOx (FracGASF, FracGASM) as well as fraction leached (FracLEACH) consistently from synthetic fertilisers, manure applied to soils, manure deposited on pastures and sewage sludge and using this N for calculating indirect N2O emissions from atmospheric deposition and leaching and run-off and remaining N for calculating direct N2O emissions from agricultural soils. Crop residues, N-fixation and cultivation of organic soils have also included into the direct emissions.  

Activity data 

Activity data is national and received mainly from annual agricultural statistics of the Ministry of Agriculture and Forestry (Table 6.5_2). Other data sources are the Finnish Environment Institute and MTT Agrifood Research Finland. Animal numbers are the same used for calculating CH4 emissions from enteric fermentation and CH4 and N2O emissions from manure management (Table 6.2_2). Emissions from reindeer and fur animals are included for the first time in the 2005 submission. The distribution of different manure management systems has been received from published literature (Seppänen & Matinlassi, 1998). The nitrogen excreted per animal is the same used for calculating nitrous oxide emissions from manure management (Ministry of the Environment 1998).The amount of synthetic fertilisers sold annually has been received from the annual agricultural statistics of the Ministry of the Agriculture and Forestry and the amount of sewage sludge applied annually has been received from the VAHTI database of Finland’s environmental administration (Table 6.5_3). Crop yields of cultivated plants have been received from agricultural statistics (Ministry of Agriculture and Forestry) (Table 6.5_4). Vegetables grown open have been included into the emission estimate of crop residues for the first time in 2005 submission. Vegetable yields have been received from literature (Puutarhayritysrekisteri 1994, Yearbook of Farm Statistics 2004) (Table 6.5_5).The area of cultivated organic soils has been received from MTT Agrifood Research Finland (Table  6.5_6) and has been updated for the 2005 submission on the basis of  Myllys & Sinkkonen (2004) and Kähäri et al., 1987).
Table 6.5_2. Activity data sources for calculating nitrous oxide emissions from agricultural soils.
Activity data
Data source



The number of cattle, sheep, goats, poultry, reindeer
The Information Centre of the Ministry of Agriculture and Forestry (Matilda Database, The Yearbook of Farm Statistics)

The number of horses
Finnish Trotting and Breeding Association (http://www.hippos.fi)

The number of fur animals
Finnish Fur Breeders Association

Data of animal waste management systems
Rural Advisory Centres, MKL (1993); Seppänen & Matinlassi (1998)

N excretion by animal type
Ministry of the Environment (1998)

Data of sludge spreading
VAHTI- the Compliance Monitoring Data System of Finland’s environmental administration

Crop statistics
The Information Centre of the Ministry of Agriculture and Forestry (Matilda Database, The Yearbook of Farm Statistics, Puutarhayritysrekisteri)

Energy model for ammonia emission estimate
VTT Technical Research Centre of Finland, Savolainen et al. (1996), agricultural experts

The area of cultivated organic soils
MTT Agrifood Research Finland

Table 6.5_3 Nitrogen input to soils via synthetic fertilisers, manure and sewage sludge application (Mg N a-1) (no fraction lost as NH3 and NOx subtracted).
Year
Synthetic

fertilisers1
Manure2
Sewage

Sludge3

1990
228470
77897


2202

1991
202462
72650


1749

1992
163229
70102


1532

1993
168199
70094


1404

1994
169138
69363


2063

1995
195460
67639


2160

1996
179529
68180


2499

1997
169345
69217


2285

1998
169928
67519


575

1999
162700
65115


391

2000
167276
63498


513

2001
165700
61553


754

2002
160400
62129


754

2003
160000
61334


780


1 Source: Yearbook of Farm Statistics


2  Includes manure applied to agricultural soils as well as deposited on pastures.

      3 Source: Finnish Environment Institute, VAHTI-database


Table 6.5_4. Crop production in Finland in 1990-2003 (Tg a-1) 
Crop
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

Winter wheat
0.14
0.15
0.04
0.06
0.04
0.05
0.11
0.08
0.10
38.26
0.15
0.10
0.08
0.12

Spring wheat
0.49
0.28
0.18
0.30
0.30
0.33
0.35
0.38
0.30
0.22
0.39
0.39
0.48
0.56

Rye
0.24
38.05
38.16
0.06
38.04
0.06
0.09
0.05
0.05
38.16
0.11
0.06
0.07
0.07

Barley
1.72
1.78
1.33
1.68
1.86
1.76
1.86
2.00
1.32
1.57
1.98
1.79
1.74
1.70

Oats
1.66
1.15
1.00
1.20
1.15
1.10
1.26
1.24
0.98
0.99
1.41
1.29
1.51
1.29

Mixed crops
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.05
0.04
0.04
0.05
0.03
0.04
0.04

Turnip rape/

rape
0.12
0.09
0.13
0.13
0.11
0.13
0.09
0.09
0.06
0.09
0.07
0.10
0.10
0.09

Peas
38.00
38.07
38.02
0.03
38.24
38.24
38.06
38.00
38.02
38.02
38.18
38.12
38.00
38.03

Potatoes
0.88
0.67
0.67
0.78
0.73
0.80
0.77
0.75
0.59
0.79
0.79
0.73
0.78
0.62

Sugar beet
1.13
1.04
1.05
1.00
1.10
1.11
0.90
1.36
0.89
1.17
1.05
1.07
1.10
0.89

Red clover seed
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Table 6.5_5. Vegetable production in Finland 1990-2003 (Gg a-1).

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

















Garden pea
5.76
4.77
5..39
6.53
5.09
6.37
9.04
7.60
5.21
6.60
6.49
6.57
6.92
5.84

White cabbage
21.08
20.56
20.09
17.59
23.06
24.30
23.12
28.72
18.66
22.39
20.38
17.71
19.96
19.00

Cauli flower
4.35
4.36
4.95
4.02
4.44
4.80
4.15
4.58
4.05
4.66
4.91
4.45
4.22
3.97

Carrots
31.39
38.05
29.73
36.22
59.23
61.34
53.26
67.90
52.34
61.80
64.05
58.31
58.43
59.42

Red beet
10.72
11.33
10.72
9.58
13.74
11.02
11.73
14.80
8.34
13.58
12.71
13.99
12.45
12.62

Swede
9.31
11.97
9.29
10.02
14.83
12.51
13.07
18.31
10.94
14.74
10.10
11.92
10.10
11.53

Celeriac
1.69
1.59
1.85
1.52
2.02
1.47
1.35
1.56
1.50
0.84
1.43
1.12
1.24
1.01

















Total
84.30
92.63
82.01
85.49
122.40
121.81
115.72
143.47
101.04
124.61
120.07
114.07
113.32
113.39

Table 6.5_6. Area of organic soils cultivated in Finland in 1990-2003 (1000 ha). 


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

Peat soils
118
115
112
109
106
103
100
96
93
90
87
84
81
78

Other organic soils
248
245
242
239
235
232
229
225
222
218
215
212
208
205

Total area of cultivated organic soils 
366
360
354
348
341
335
328
321
315
309
302
296
289
283

Emission factors and other parameters 

Currently IPCC default emission factors have been used for calculating N2O emissions from agricultural soils (Table 6.5_7). The amount of applied nitrogen has been corrected with a fraction of nitrogen volatilised as NH3 and NOx from the synthetic fertilisers (FracGASF) and fraction of nitrogen volatilised as NH3 and NOx from manure and sewage sludge (FracGASM) as well as with the fraction of nitrogen leached from applied synthetic fertilisers, manure and sewage sludge (FracLEACH) (Table 6.5_8). The amount of nitrogen volatilised has been used for calculating indirect N2O emissions from atmospheric deposition. The amount of nitrogen leached has been used for calculating indirect N2O emissions from leaching and run-off. Values for FracGASF , FracGASM  and FracLEACH are national values differing from IPCC default values on purpose. It is estimated that NH3 volatilisation is less than estimated by the IPCC default values as well as nitrogen leaching in Finnish conditions. Support for this is found eg. from Niskanen et al. (1990), Esala & Larpes (1984), Pipatti (1992), Rekolainen et al. (1995), Savolainen et al. (1996), Grönroos et al. (1998), Pipatti et al. (2000), Kulmala & Esala (2000) and Mattila & Joki-Tokola (2003).

The country-specific FracGASF value is based on the NH3 emission factor given in the report by ECETOC (1994) for NPK fertilisers, which is 1% of the nitrogen content in the fertilisers. In the same report the ammonia emissions from placement fertilisation are said to be negligible. In Finland, about 90% of the fertilisers used are NPK fertiliser. Urea fertilisation is used in Finland only in very small amounts (in 1990 about 1% of the nitrogen in fertilisers came from urea). The nitrogen in urea is in a form that evaporates easily as ammonia, the emission factor given in the ECETOC report is 15% of the nitrogen content. Placement fertilisation where the fertiliser is placed approximately 7 - 8 cm below the soil surface is the common method (around 80-90%) used in applying the fertilisers in the soils in Finland. In urea fertilisation, the fertiliser is applied on the surface. The FracGASF is calculated using the assumption that 80% of the nitrogen in synthetic fertilisers in Finland is applied using the placement method. The emission factor for placement fertilisation is assumed to be 50% of surface application (conservative assumption). A project to measure ammonia emissions from fertilisation will commence in Finland in 2005. The FracGASF value used may be revised based on the results of the project.

IPCC default values (IPCC 2000, Table 4.16) and if value was not available, expert judgement for residue/crop product ratio, dry matter fraction and nitrogen fraction for each crop species have been used (Table 6.5_9). 

Table 6.5_7. Emission factors used for calculating direct and indirect nitrous oxide emissions from agricultural soils.
Emission source


Emission factor
Reference

Direct soil emissions

Synthetic fertilisers
0.0125 kg N2O-N/kg N
Penman et al. (2000), Table 4.17

Animal wastes applied to soils
0.0125 kg N2O-N/kg N 
Penman et al. (2000), Table 4.17 

N-fixing crops
0.0125 kg N2O-N/kg dry biomass
Penman et al.  (2000), Table 4.17

Crop residue
0.0125 kg N2O-N/kg dry biomass
Penman et al.  (2000), Table 4.17

Cultivation of Histosols
8 kg N2O-N/ha/a
Penman et al.  (2000), Table 4.17, Klemedtsson et al. (1999)

Indirect soil emissions

Atmospheric deposition
0.01 kg N2O-N/kg NH3-N & NOx-N deposited
Penman et al.  (2000), table 4.18

Nitrogen leaching and run-off
0.025 kg N2O-N/kg N/a
Penman et al.  (2000), table 4.18

Animal production

N-excretion on pasture range and paddock
0.020 kg N2O-N/kg N/a
IPCC (1997)

Other sources



Sludge spreading
0.0125 kg N2O-N/kg N load
IPCC (1997)  (EF1)

Table 6.5_8. Fraction of N lost through leaching and run-off and volatilisation from synthetic fertilisers, manure and sewage sludge.
Parameter


Abbreviation
Value
Reference

Fraction of N input that is lost through leaching or runoff
FracLEACH
0.15
Pipatti (2001); Pipatti et al. (2000); Rekolainen et al. (1995)

Fraction of N input that volatilises as NH3 and NOx from synthetic fertilisers.
FracGASF
0.006
Pipatti (2001); Keränen & Niskanen (1987); Kulmala & Esala (2000)

Fraction of manure N input that volatilises as NH3 and NOx
FracGASM
0.31
Energy model for ammonia emission estimate (VTT Technical Research Centre of Finland), Savolainen et al. (1996)

Table 6.5_9. Residue to crop ratio, dry matter fraction and nitrogen content of crops included into the inventory (Source: IPCC (2000) and MTT Agrifood Research Finland).
Crop
Resi/Cropi
FracDM
FracNCR



Winter wheat
1.30 1)
0.83 1)
0.0028 1)

Spring wheat
1.30 1)
0.83 1)
0.0028 1)

Rye
1.60
0.83 1)
0.0048

Barley
1.20
0.83
0.0043

Oats
1.30
0.83
0.0070

Mixed crops
1.34 2)
0.83 1)
0.0140 2)

Turnip rape/rape
3.00 4)
0.83 4)
0.0150 4)

Peas
1.50
0.87
0.0350 3)

Potatoes
0.40
0.45 4)
0.0110

Sugar beet
0.20 4)
0.15 4)
0.023 4)

Red clover seed
1.30 4)
0.83 4)
0.048 4)

Vegetables5)
0.206)
0.157)
0.0158)



 1) IPCC default value for wheat used.



2)  Average of winter wheat, spring wheat, rye, barley and oats.



3) National value, obtained by expert judgement.  



4) No IPCC default value available, value obtained by expert judgement.



5) Includes garden pea, white cabbage, cauli flower, carrots, red beet, swede and celeriac.



6), 7) Assumed to be the same that for sugar beet.



8) IPCC default value used.

6.5.3 Uncertainty and time series’ consistency

Uncertainty in N2O emissions from agricultural soils was estimated at -80 to +230% for direct emissions and -80 to +330% for indirect emissions. Uncertainty is due to both lack of knowledge of emission generating process and high natural variability which make estimation of average annual emission factor difficult. 

Activity data and related uncertainties used for calculating N2O emissions from agricultural soils were partly the same as in the calculation of N2O emissions from manure management (CRF 4.B). Uncertainty estimates of other activity data were based on expert judgement. 

Emission factors used in the Finnish inventory for direct and indirect N2O emissions from agricultural soils were IPCC default values. The uncertainty estimates were previously based on uncertainty ranges given by the IPCC (1996). For 2005 inventory submission, uncertainty estimates were revised based on measurement data. Available measurement data was not representative enough to be used as an emission factor, but it gave an indication on possible range of uncertainty. For organic soils, mean of measured emission factor was close to the IPCC emission factor used, but range of annual average emission factors obtained from different soils revealed that uncertainty may be larger than previously estimated. Uncertainty estimate was thus changed from ±80% to (-70...+170%). For mineral soils, measurements indicated that emissions may be notably larger than estimated by using the IPCC emission factor. The uncertainty estimate was thus changed from ±88% to (-90 to +380%) (see Monni et al. (in press) for more details).   

The different sensitivity studies have revealed the strong sensitivity of the agricultural inventory to the uncertainty of N2O emission factor for agricultural soils. In Finland, also the uncertainty in the whole greenhouse gas emission inventory containing all sectors and gases is highly sensitive to the estimated uncertainty of the emission factors for N2O emissions from agricultural soils.

6.5.4 Source-specific QA/QC and verification 

General (Tier 1) Quality Control (QC) procedures applied to category Agricultural soils (CRF 4.C):

QA/QC plan for agricultural sector includes the following QC measures based on guidelines of IPCC (IPCC 2000, Table 8.1). These measures are implemented every year during the agricultural inventory. Potential errors and inconsistencies are documented and corrections are made if necessary.

Tier 2 QC for activity data:

QA/QC plan for agricultural sector includes the following Tier 2 QC measures for activity data. These measures are implemented every year during the agricultural inventory. Potential errors and inconsistencies are documented and corrections are made if necessary.

- Check the consistency in the amount of synthetic fertiliser sold annually between agricultural 

statistics and calculation model

- Check that all relevant animal sub-categories are included and data sources of all animal numbers

are properly documented

- Check the consistency of animal numbers between agricultural statistics and calculation model

- Check that data sources of nitrogen excreted annually per animal are properly documented

- Check the consistency in distribution of different manure management systems between literature

references and calculation model


- Check if there is new national data available for nitrogen excreted annually per animal

- Check if there is new national data available for distribution of different manure management  systems 

- Check that all other calculation parameters, like FracGASF, FRACGASM and FracLEACH are well documented and correctly presented in the calculation model

- Check that all important crop species are included for calculating N2O emissions from crop residues

- Check that all important crop species are included for calculating N2O emissions from N-fixing

crops

- Check if there is new national data available for parameters like Cropi, Resi/Cropi,  FracDmi and

FracNCRi  needed for calculating N2O emissions from crop residue and N-fixing crops

- Check if there is new national data available for the area estimate of cultivated organic soils

- Check if there is new data of the amount of N applied annually to agricultural soils in sewage 

sludge

Tier 2 QC for emission factors: 

-Check if there is new national data available for emission factors.

Source specific quality objectives for agricultural inventory have been set and documented. A more detailed QA/QC program of agricultural inventory is currently under development. 

Agricultural inventory has been under reviews of the UNFCCC secretariat, and improvements to the inventory have been made according to the suggestions of the review teams. No specific verification process has been implemented for the agricultural inventory but a special adjustments case-study between Finland and Germany was arranged in August 2004 where Finland´s agricultural inventory was reviewed by the German experts. All the experiences of this exercise will be implemented in the development of the inventory.

6.5.5 Source-specific recalculations including changes made in response to the review process 
Recalculations have been made in this source category because new calculation model has been developed and used for the first time in the 2005 submission to the UNFCCC. In the current model some double counting related to N2O emissions from agricultural soils has been removed in order to develop the calculation system towards mass-flow approach. Consistency in estimating volatilisation as NH3 and NOX from each source category (synthetic fertilisers, manure applied to soils and pastures, sewage sludge) has been improved. Also the amount of N subject to leaching and run-off has been re-estimated. The N excretion per animal species have been updated and in order to improve consistency, also reindeer and fur animals have been included into the calculations. The area of cultivated organic soils has been updated on the basis of new data. Also, vegetables grown in open have been included into the calculations of N2O emissions from crop residues.

6.5.6 Source-specific planned improvements 

All important crop species should be included for calculating N2O emissions from crop residues. IPCC default values for Cropi, Resi/Cropi , FracDmi and FracNCRi  should be replaced with national data if possible.

Nitrogen excreted annually per animal should be updated on a basis of national measurement data or recalculated with different model. In order to get the best results, co-operation with animal nutritionists is required. 

Data collection about the distribution of different manure management systems should be improved.

Data from the amount of sewage sludge applied annually to agricultural soils has been poorly available during the inventory process. Methodology for data collecting and reporting should be improved. 

The area of cultivated organic soils is poorly known. Estimate is based on publications of Myllys & Sinkkonen (2004) and Kähäri et al. (1987) on a basis of the results of soil analysis. Methodology for estimating annual area of cultivated organic soils should be improved. For organic soils, national data has been collected and will be used as a basis for developing national EF´s.

6.6 Prescribed Burning of Savannas (CRF 4.E)

Savannas does not exist in Finland.

6.7 Field Burning of Agricultural Residues (CRF 4.F)

Field burning of agricultural residues is taking place in Finland only occasionally on small scale (data not available) and the emissions from this source are estimated to be negligible. 

Annex_6

Equations used in calculation of greenhouse gas emissions from Agriculture sector.

1) Equations for calculating CH4 emissions from enteric fermentation of cattle.

In IPCC Tier 2 approach, emission factor for each cattle sub-category has been calculated according to the Equation 4.14 in IPCC Good Practice Guidance (IPCC 2000):

EF=(GE*Ym* 365 days/year)/(55.65 MJ/kg CH4), where
GE = Gross intake (MJ/animal/day) 
Ym= Methane conversion rate, fraction of gross energy in feed converted to methane (IPCC default value 0.06 used)

National value for gross energy intake (GE) of cattle has been used. Value of GE for each cattle sub-group has been calculated by using slightly modified version of Eq. 4.11 in IPCC Good Practice Guidance (IPCC 2000).

GE={[(NEm+ NEa + NEl + NEp)/(NEma/DE)] + [(NEg)/(NEga/DE)]}/(DE/100)

where,

NEm = Net energy required by the animal for maintenance, MJ/day
NEa  = Net energy for animal activity, MJ/day
NEl  = Net energy for lactation, MJ/day (dairy cows, mother cows),
NEp = Net energy required for pregnancy, MJ/day (dairy cows, mother cows)
NEg = Net energy needed for growth, MJ/day (bulls, heifers, calves)

Note, that in the original IPCC equation, also the following terms exist which have now been excluded: NEmobilised, NEw, and NEwool 
Equations for calculating NEm, NEa, NEl, NEp and NEg are as follows:

NEm= Cfi * (Weight)0.75
NEa= [Cap* tp/365 + Cao * (1-( tp/365)) * NEm
NEl = My/365 * (1.47 + 0.40 * Fat)

NEp = Cp* NEm
NEg = 4.18*{0.0635*[0.891*(BW*0.96)*(478/(C*MW))]0.75 * (WG * 0.92)1.097}

NEma/DE = 1.123 - (4.092 * 10-3 * DE) + [1.126 * 10-5 * (DE)2] - (25.4/DE)

NEga/DE = 1.164 - (5.160 * 10-3 * DE) + (1.308 * 10-5 * (DE)2) - (37.4/DE)
where,

Cfi = Coefficient, IPCC default value 0.335 for dairy cattle and IPCC default value 0.322 for other cattle used

tp = Length of pasture season, 130 days for mother cows, 120 days for dairy cows, heifers and calves

Cap = Coefficient for pasture, IPCC default value 0.17 used

Cao = Coefficient for stall, IPCC default value 0.00 used

My = The amount of milk produced per year, kg a-1/cow, 7303 kg used for dairy cows and 1620 for mother cows

Fat = Fat content of milk (%), value 4.23 used

Cp = Pregnancy coefficient, IPCC default value 0.10 was used (default for 281 days pregnancy time)

C = Coefficient related to growth, bulls 1.2, heifers 0.8 and calves an average of these, 1, was used

MW = Mature weight, (see IPCC 2000, p. 4.12), for adult dairy cow 570 kg used, for adult bull 750 kg used

WG = Average weight gain, (IPCC 2000, p. 4.12) (kg/day), 0 for dairy and mother cows, 1 for bulls, 0.7 for heifers, 0.8 for calves were used
DE = Digestible energy (see IPCC 2000, p. 4.13), the proportion of feed energy (%) not excreted with feces, 70 was used
National data for average milk production, animal weight and fat content of milk and IPCC default value for methane conversion rate (Ym= 0.06) has been used. 

2) Equations for calculating N2O emissions from manure management
N2O emissions from manure management have been calculated as follows:

N2O_Emissions_manure management = ∑(S)  {[∑(T) (N(T)* Nex(T)* MS(T,S) )]* EF(S) }* 44/28
Where,

N(T) = Number of head of livestock species/category T in the country
Nex(T) = Annual average N excretion per head of species/category T in the country, (kg N/animal/year)
MS(T,S) = Fraction of total annual excretion for each livestock species/category T that is managed in manure management system S in the country
EF(S)
= Emission factor for manure management system S (kg N2O-N/kg N)

S = Manure management system

T = Species/category of livestock
3) Equations for calculating methane emissions from manure management 

In IPCC Tier 2 approach, emission factor for each cattle sub-category has been calculated according to the Equation 4.17 in IPCC Good Practice Guidance (IPCC 2000): 

 EFi = VSi * 365 days/year * Boi * 0.67 kg/m3 * ∑(jk) MCFjk * MSijk
where,

VSi = Volatile solid excretion per day on a dry-matter weight basis (kg-dm/day)
Boi = Maximum methane producing capacity for manure produced by an animal within defined population i, m3 CH4/kg VS (IPCC default values used)
MCFjk = Methane conversion factors for each manure management system j by climate region k 

MSijk = Fraction of animal species/category i´s manure handled using manure system j in climate region k
For cattle, VS has been calculated with IPCC equation (IPCC 2000, Eq. 4.16). For other animals (swine, sheep, goats, horses and poultry) IPCC default values for VS has been used.

VS_cattle = GE * (1 kg-dm/18.45 MJ) * (1-DE/100) * (1-ASH/100)
where,

GE = Gross energy intake (MJ/animal/day)  (see methane emissions from enteric fermentation)
DE = Digestible energy (%) (see methane emissions from enteric fermentation)
ASH = Ash content of manure (%) (IPCC default values used)

Data about the distribution of different manure management systems has been received from literature (Seppänen & Matinlassi, 1998). For MCF coefficient, IPCC default value 10 % (IPCC 1997) instead of the updated value 39 % (IPCC. 2000) has been used.

4) Equations used for calculating direct and indirect emissions from agricultural soils
Direct N2O emissions from agricultural soils include emissions from synthetic fertilisers and manure applied to soils, crop residues, animal production (manure deposited on pasture), sewage sludge applied to soils, N-fixation and cultivation of organic soils. Emissions from manure deposited on pasture are calculated under manure management (Chapter 6.3).

Direct emissions (IPCC 2000, Eq.4.20)

N2O emissions from synthetic fertilizers (IPCC 2000, Eq. 4.22):

N2Ofert=Nfert*(1-FracGASF)*EF*44/28
where,

Nfert = The amount of synthetic fertilisers consumed annually (Gg N/year)
FracGASF = The fraction that volatilises as NH3 and NOx
EF= Emission factor (0.0125 kg N2O-N/kg N-load)

National value 0.06 for FracGASF have been used (See Pipatti 2001). 

N2O emissions from manure applied to soils (IPCC 2000, Eq. 4.23):

N2Omanure=∑(T) (N(T) * Nex (T))*(1-FracGASM)*(1-FracFUEL-AM)*EF*44/28

where,

N(T) = Number of head of livestock species/category T in the country
Nex (T) = Annual average N excretion per head of species/category T in the country, (kg N/animal/year)

FracGASM  = Fraction that volatilises as NH3 and NOx 

FracFUEL-AM = Amount of manure that has been burned for fuel 
EF = Emission factor (0.0125 kg N2O-N/kg N load)

Average annual N excretion per animal is national data, see Grönroos et al. (1998) and Pipatti (2001).

National value 0.31 for FracGASM have been used (See Pipatti, 2001).

N2O emissions from crop residue (IPCC 2000, Eq. 4.29, modified):

N2OCR = ∑i[Cropi* Resi/Cropi* FracDmi * FracNCRi ] * EF * 44/28

where,

Cropi = Crop production 
Resi/Cropi = Residue to crop product mass ratio
FracDmi = Dry matter content of the aboveground biomass
FracNCRi = Nitrogen content of the aboveground biomass
EF = Emission factor (0.0125 kg N2O-N/kg N load)

IPCC default values and if IPCC default values were not available, national values as Cropi, Resi/Cropi , FracDmi and FracNCRi have been used (IPCC 2000, Table 4.16, Table 6.5.8, Chapter 6.5 ).
N2O emissions from nitrogen fixation (IPCC 2000, Eq.4.26):

N2OBN = ∑i[Cropi*(1+ Resi/Cropi )* FracDmi * FracNCRi ] * EF * 44/28
The parameters used are the same as for calculating emissions from crop residue but only N-fixing crops are included.
N2O emissions from sewage sludge applied to soils (IPCC 2000, Eq.4.20, modified):

N2Osludge = Nsludge* EF * 44/28

where,

Nsludge = Amount of nitrogen applied annually in sewage sludge, Gg
EF = Emission factor (0.0125 kg N2O-N/kg N load)

The amount of nitrogen applied annually in sewage sludge has been received from the Finnish Environment Institute.

 N2O emissions from cultivated organic soils(IPCC 2000, Eq.4.20,modified):

N2OFOS  = FOS * EF * 44/28

FOS = Area of organic soils cultivated annually, ha
EF = Emission factor (8 kg N2O-N/ha/year)

Area of cultivated organic soils has been received from MTT Agrifood Research Finland and is based on expert judgement and soil analysis.

Indirect emissions
N2O emissions from atmospheric deposition (IPCC 2000, Eq. 4.32):

N2Oindirect_G = [(Nfert * FracGASF ) + (Σ(N(T) * Nex(T) ) + Nsludge) * FracGASM ] * EF *44/28
where,

Nfert = The amount of synthetic fertilisers consumed annually (Gg N/year) 

FracGASF = The fraction of synthetic fertilisers that volatilizes as NH3 and NOx 

 N(T) = Number of head of livestock species/category T in the country

Nex(T) = Annual average N excretion per head of species/category T in the country, (kg N/animal/year)
Nsludge = Amount of nitrogen applied annually in sewage sludge, Gg N/year
FracGASM  = The fraction of animal manure that volatilises as NH3 and NOx 
EF = Emission factor (0.01 kg N2O-N / kg NH4-N & NOX-N)

N2O emissions from leaching and run-off (IPCC 2000, Eq. 4.34, modified):

N2Oindirect-L = [Nfert * ΣT(N(T) * Nex(T) ) + Nsludge] * FracLEACH * EF *44/28
where,

Nfert = The amount of synthetic fertiliser consumed annually (Gg N/year)
N(T) = Number of head of livestock species/category T in the country

Nex(T) = Annual average N excretion per head of species/category T in the country, (kg N/animal/year)
Nsludge = Amount of nitrogen applied annually in sewage sludge, Gg N/year
FracLEACH = The fraction of N input that is lost through leaching or runoff. 
EF= Emission factor (0.025 kg N2O-N / kg N load)

National value 0.15 for FracLEACH has been used (See Pipatti, 2001).

7. Land use, Land Use Change and Forestry (CRF 5)

7.1 Overview of sector

Description

The Conference of Parties (COP) at it’s ninth session decided that Annex I Parties should use the IPCC Good Practice Guidance for Land use, Land-use Change and Forestry (GPG LULUCF) (IPCC 2003) and the tables of the common reporting format for the land use, land-use change and forestry categories for preparing annual inventories under the Convention in submission due in 2005 (13/CP.9).

In this submission, Finland reports carbon stock changes and greenhouse gas emissions from forest land, cropland and grassland using the new CRF tables. In addition, CO2 emissions from liming of agricultural soils and direct N2O emissions from nitrogen fertilisation on forest land and CO2, and CH4 emissions from biomass burning (on forest land) are reported in the new CRF tables. The whole LULUCF category reporting is under ongoing development and will be more complete in forthcoming submissions.
Following the new UNFCCC reporting guidelines on annual inventories (FCCC/SBSTA/2004/8) and GPG LULUCF (IPCC 2003), the CO2 emissions and removals of tree biomass, reported previously under category CRF 5.A (Changes in Forest and other woody biomass stock) of the Revised 1996 IPCC Guidelines (IPCC 1997) are now reported under category CRF 5.A (Forest land) of GPG LULUCF. Likewise the CO2 emissions from cultivation of agricultural soils, which have been previously reported in Finnish inventory under Agriculture sector (CRF 4.D) according to the categorisation of Revised 1996 IPCC Guidelines have been now allocated to the Cropland category (CRF 5.B) in LULUCF-sector according to the categorisation of GPG LULUCF (Table 7.1_1). In addition, CO2 emissions from liming of agricultural soils, which have previously been reported under Agriculture sector (CRF 4.D) of Revised 1996 IPCC Guidelines (IPCC 1997), have now been allocated to the Carbon emissions from agricultural lime application (CRF 5 (IV)) in LULUCF-sector of GPG LULUCF (Table 7.1_1).

Table 7.1_1. Mapping of previous (IPCC 1997) and current (IPCC 2003) reporting in the LULUCF-sector.
Sink/Source category 
Previous reporting categories 

(IPCC Revised 1996 guidelines)
Current reporting categories

(IPCC GPG LULUCF)

C stock change in tree biomass 
CRF 5.A Changes in forest and other woody biomass stock
CRF 5.A Forest land

CO2 emissions from agricultural soils (cultivation)
CRF 5.D Emissions and removals from soils/liming of agricultural soils 

(In summary table: Agricultural soils 4D)
CRF 5.B Cropland and CRF 5 .C Grassland

Liming of agricultural soils
CRF 5.D Emissions and removals from soils/liming of agricultural soils 

(In summary table: Agricultural soils 4D)
CRF 5 (IV) Carbon emissions from agricultural lime application

Note, that categories Forest and grassland conversion (CRF 5.B) and Abandonment of managed lands (CRF 5.C) of the Revised 1996 IPCC Guidelines have not been reported separately in Finnish inventories, but included into the figures reported under CRF 5.A (Changes in forest and other woody biomass stock) and CRF 5.D (Emissions and removals from soils). Also in the current inventory using the GPG LULUCF (2003), the emissions and removals from forest land are not reported separately for forest land remaining forest land and land converted to forest land. 

The current submission of Finland does not include the following land use categories covered by the GPG LULUCF: Wetlands (CRF 5.D), Settlements (CRF 5.E) and Other land (CRF 5.F). In addition, N2O emissions from disturbance associated to land use conversion to cropland (5 (III)) and N2O emissions from drainage of soils (5(II)) are excluded so far from the LULUCF-sector inventory due to inadequate data and methods.

Estimates for soil and dead organic matter pools on forest land (CRF 5.A) will be added to the inventory submission of 2006.

Quantitative overview

The LULUCF sector as a whole acts as a carbon dioxide sink in Finland, because emissions from the sector (CO2 emissions from cropland and grassland, direct N2O emissions from fertilisation of forest land and CO2, N2O and CH4 emissions from biomass burning on forest land) are smaller than removals (Increase in C stock change in tree biomass on forest land) in the sector (Figure 7.1_1). In 2003 LULUCF sector as a total was a sink of about –17.8 Tg CO2 eq. In recent years the CO2 sink from LULUCF sector has been about one fifth from the total greenhouse gas emissions from other sectors in Finland. 
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Figure 7.1_1 Greenhouse gas removals (sinks) and emissions (sources) in LULUCF sector in 2003 (Gg CO2 eq). Sinks in Forest land category are due to the increase in C stock change in living biomass and sources are due to the CO2, N2O and CH4 emissions from biomass burning and N2O emissions from direct N fertilization. Sinks in Cropland category include removals from mineral soils and sources include emissions from organic soils. In Grassland category both mineral and organic soils have been in 2003 CO2 sources. 
Key kategories

Key category analysis with LULUCF sector is included into the inventorory for the first time. In LULUCF sector CO2 emissions from C stock change in living biomass,  CO2 emissions from C stock change in soils (both mineral and organic) on Cropland remaining Cropland and CO2 emissions from C stock change in mineral soils on grassland remaining grassland were found to be key kategories both by level and by trend in 2003. 
7.2 Forest land (CRF 5.A)

7.2.1 Source category description

This source category covers the carbon dioxide uptake and release of growing stock. Carbon uptake and release of growing stock correspond the mean annual increment and annual drain of trees.

Carbon stock change from soil and dead organic matter pools on forest land have not been included into the current inventory.

The estimation of areas of Forest land is based on the National Forest Inventory (NFI). Forest land is defined in this submissions according to national definitions. Forest land comprises ‘Productive forest land’ where the mean annual increment of growing stock is at least 1 m3/ha, and ‘Low productive forest land’ where it is less than 1 m3/ha but more than 0.1 m3/ha. All forests are considered as managed. In future submissions Finland may choose to use FAO’s definition for forest land to ensure the consistency with other international reporting and the reporting under the Kyoto Protocol (Global Forest … 2001). National definitions are applied in field data measurements and national reporting. 

CO2 balance of the trees from 1990 to 2003 is presented in Table 7.2._1. The annual increment of trees has increased almost steadily wherefore the CO2 uptake has also increased. The total drain of trees is very much affected by commercial fellings and the global market situation. The demand of the timber products was low in the beginning of 1990’s wherefore fellings were also at low level and the CO2 sink of trees high. The fellings since the mid of 1990’s have been exceptionally high compared to a long-term average. Strong fluctuation in the CO2 sink in the of 1990’s is very much affected by these facts.

Table 7.2_1. Carbon dioxide uptake and release of growing stock in 1990-2003 (Tg CO2). 
Year
Uptake
Release
Balance

1990
95.9
72.1
23.8

1991
96.8
58.6
38.2

1992
98.6
66.7
31.9

1993
99.5
70.4
29.1

1994
97.8
80.6
17.3

1995
97.8
83.1
14.7

1996
98.0
77.0
21.0

1997
98.6
85.9
12.6

1998
100.1
90.4
9.7

1999
101.3
90.4
10.8

2000
103.1
91.1
12.0

2001
105.1
88.2
16.9

2002
107.5
89.5
18.1

2003
112.2
90.9
21.3

7.2.2 Methodological issues

Methods

The Finnish method applied for calculating the change in carbon stock in living tree biomass is consistent with the Method I (so called default method) in GPG LULUCF, which requires the biomass carbon loss to be subtracted from the biomass carbon increment for the reporting year (IPCC 2003, Eq 3.22, p. 3.24). 

In the Finnish inventory the carbon uptake/loss figures are calculated from data on stem volume increment and drain (m3) based on the National Forest Inventory of Finland (NFI) and on annual statistics on cutting removals (m3) (Tomppo 2000). 

CO2 emissions/removals = (carbon uptake by tree growth  - carbon loss due to harvesting/cuttings) * 44/12

The volume increment of the growing stock of trees is estimated using measurements on field sample plots of the NFI. The increment figures concern increment of the tree stem volume. An average increment of five years preceding the measurement time is applied. 

The NFI has progressed by regions until 2003 and thus the data for the whole country has come from different years for different parts of the country (Tomppo 1999 and 2000b; Tomppo et al. 1997 and 1998). However, from 2004 on Finland conducts national forest inventories annually for the entire country.

Tree stem volume increment and drain are converted to whole tree biomass and carbon content using the national conversion factors (Karjalainen and Kellomäki 1996). New tree biomass models are under development and expected to be ready by the end of 2005.

Emission factors and other parameters

The country specific coefficients are used to convert stem volume to carbon content of total biomass (Table 7.2_2). 

Conversion equation is as follows:

cf = ef*dw*cc, 
where,

cf  = conversion factor from stem volume on total biomass C content

ef = expansion factor from stem volume to total tree biomass

dw = conversion factor to dry biomass

cc = C-content

Table 7.2_2. The coefficients by tree species according to Karjalainen and Kellomäki (1996).
Tree species
ef
dw (Mg/m3)
cc
cf (Mg C /m3)

pine
1.527
0.390
0.519
0.3091

spruce
1.859
0.385
0.519
0.3715

non-coniferous
1.678
0.490
0.505
0.4152

The conversion factors depend on the site fertility and age structure of forests. However, the same factors have been used for all forests in Finland’s national greenhouse gas inventory. The new method will apply tree and site specific biomass models.

Activity data

The stem volume increment is obtained from the NFI. Finnish forests have been measured by National Forest Inventories nine times. The first inventory was carried out in 1921-24. The tenth NFI began in 2004. In the tenth NFI, one fifth of the plots will be measured in the entire country annually, thus all plots will be measured in five years. The forest resource statistics for the entire country can be up-dated annually. There are a number of reasons for this change, the greenhouse gas inventory being on of them.

The NFI is a sampling based forest inventory. Field plots are located on clusters. The sampling design has been fitted to the variability of land use classes and variation of the structure of the growing stock in the different part of Finland. The distance of clusters in the most Southern part of Finland in NFI9 was 6 km x 6 km and in the Central part of the country 7 km x 7 km, in North Central also 7 km x 7 km, and in Lapland 10 km x 10 km The number of the plots were respectively 14 (10 on the clusters of permanent plots), 18 (14), 15 (11) and 15 (11). (Figure 7.2_1). Stratified sampling was applied in the area of three Northernmost municipalities.
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Figure 7.2_1. Sampling design of NFI9 in Southernmost part of Finland. Note that every fourth cluster consists of the plots to be remeasured in NFI10.
Remeasurements of the permanent sample plots provide information concerning those changes in trees and forests which can not easily assessed by means of temporary field plots, e.g. changes in site fertility and natural mortality of trees. Diameter increment borings are carried out only on temporary plots. The permanent plots, together with new temporary plots will be utilised in the increment estimation on the coming forest inventories.

Workload of the 9th inventory, e.g., was:

- 70 955 field plots on forestry land

- over 150 characteristics measured or assessed

- 518 720 (499 278) half a million tallied trees (tree species, diameter, timber assortment class and its precision as well as crown layer are measured)

- every 7th tree was measured in more detail, e.g. height, diameter and height increments and age, health and timber assortments The tree measurements are carried out thus at two different levels of intensity, at tally tree level and sample tree level.
Increment of the growing stock

The increment of the growing stock (Table 7.2_3) is estimated using field measurements from sample plots of NFI. The measurements are carried out at two different levels of intensity, at tally tree level and sample tree level. A few characteristics, e.g. diameter, tree species, timber assortment class and canopy layer class, are measured for tally trees, while more characteristics are measured for sample trees, e.g. upper diameter, height, diameter and height increments.

Volumes for sample trees are estimated as a function of diameters 
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Volumes five years ago for sample trees are computed for sample trees using taper curve models and estimated volume per basal area ratio curve (Kujala 1980):
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where
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Volumes are estimated for tally trees using a non-parametric regression method (Tomppo et al. 1997, Tomppo et al. 1998, Tomppo 2004). Volume increments are estimated for tally trees by computation strata and by diameter classes using the average 5-year increments of the sample trees of the stratum and the numbers of tally trees in the stratum. The annual increment is simply the 5-year increment divided by 5. 

The volume increment of the trees which have been removed or died during the increment estimation period (5-year period) is estimated using the annual drain estimates, see later, and the increment ratio of the drain and survived trees (Salminen 1993). The final total increment is the increment of the survived trees plus the increment of the drain. The increment of drain is estimated as 
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t = the number of growing seasons 

drainj = the amount of the drain

i = the increment of survivor tree

v = the volume of the survivor trees.
Drain of growing stock

Drain is the decrease in growing stock due to fellings and unrecovered natural losses. Fellings consist of commercial and other roundwood removals and harvesting losses. The statistics on commercial removals are based on the information provided by sampled roundwood purchasers and the Finnish Forest and Park Service (Metsähallitus). Recently commercial removals have been 53–56 million m³ annually (Finnish Statistical Yearbook of Forestry 2003). As the sample size is very large (around 30%) and all major purchasers are included, the statistics on commercial removals can be considered as very reliable.

The non-commercial roundwood removals refer to logs for contract sawing and fuelwood used in dwellings. The Finnish Forest Research Institute has investigated the volumes of contract sawing and fuelwood at some 10 years' interval. The recent estimate for contract sawing is 1.0 million m³ of logs and for fuelwood 5.2 million m³. For the latter the standard error is 4.9%. Accordingly, the roundwood removals in total have recently ranged from 59 to 61 million m³.

Of felled trees a part or parts of stems are left on ground. The Finnish Forest Research Institute made an investigation into those harvesting losses, including those from silvicultural measures, during 1966–71. The results were presented as per cents of the total felled stemwood volumes (cf. Mikkola 1972). They vary from 4 to 10% for pine, from 5 to 12% for spruce and from 10 to 31% for broadleaves. In recent years harvesting losses have been about 6 million m³ annually. Fellings in total have been 65–67 million m³/yr.

The volume of unrecovered natural losses was estimated by the NFI (Finnish Forest Research Institute) on the basis of the follow-up of some 3000 special NFI permanent sample plots from 1985 to 1995. The estimated unrecovered natural losses are 2.5 million m³/yr. Recently, the drain in total have been 68–70 million m³/yr (Table 7.2_3).

This information on removals, fellings and drain are available for pine, spruce and broadleaves by forestry centre, and concerns total volumes by three tree species groups. The development of a method to estimate the volumes of by diameter classes and by tree species is going on.

Table 7.2_3 Tree stem volume increment and drain in 1990-2003 (million m3/yr).
Year
Total 

increment
Total drain
Balance

1990
74.3
55.1
19.2

1991
74.3
44.6
29.7

1992
75.8
51.0
24.8

1993
76.6
53.8
22.8

1994
75.4
61.7
13.7

1995
75.4
63.6
11.8

1996
75.5
59.0
16.5

1997
75.9
65.8
10.1

1998
77.2
69.4
7.8

1999
78.0
69.4
8.6

2000
79.4
70.0
9.4

2001
81.0
67.7
13.3

2002
82.9
68.7
14.2

2003
86.7
69.9
16.8

7.2.3 Uncertainty and time series’ consistency

Uncertainty in dry weight increment due to tree growth was estimated by applying biomass expansion factors, BEFc, from stem volume to dry weight and their standard errors, RSEc,BEF, reported in Lehtonen et al. (2004, Table 2, "Maximum RSE") in classes c determined by dominant tree species and stand age.

Annual stem volume increment, INCc, and its relative sampling error, RSEc,INC, in each class was first estimated from the ninth NFI by methods described in Tomppo et al. (1998). For the dry weight increment in class c, DWc=BEFc * INCc, the relative standard error was then estimated by
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and the relative standard error of the total dry weight increment, RSEDW, was finally estimated as
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summing over all classes.

Uncertainty in the conversion from dry weight increment to carbon uptake could not be included in this analysis.

Table 7.2_4 shows the results used in estimating uncertainty in dry weight increment due to tree growth. BEF is the biomass expansion factor and RSEBEF  its relative standard error from Lehtonen et al. (2004, Table 2). INC is the mean annual stem volume increment, SEINC its standard error, VarINC= (SEINC)2 its variance and RSEINC =SEINC/INC its relative standard error estimated from NFI 9. DW=BEF*INC is an estimate of dry weight increment, 
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 its relative standard error and VarDW= (RSEDW*DW)2 its variance. Relative standard error of total dry weight increment estimate was computed from the totals of columns VarDW and DW as 
[image: image54.wmf]0118

.

0

58677

481750

=

.
Table 7.2_4. Results used in estimating uncertainty in dry weith increment due to tree growth.
Dominant

species
Age class

years
BEF
RSEBEF
INC

1000m3
SEINC

1000m3
VarINC
rseINC
DW

mill.kg
rseDW
VarDW

Pine
1-19
0.697
0.0882
3233
105
11025
0.0325
2253
0.0940
44858


20-29
0.705
0.0459
6802
161
25921
0.0237
4795
0.0516
61331


30-39
0.710
0.0390
6907
168
28224
0.0243
4904
0.0460
50806


40-49
0.702
0.0496
5118
134
17956
0.0262
3593
0.0561
40606


50-59
0.701
0.0414
4215
116
13456
0.0275
2955
0.0497
21576


60-69
0.710
0.0387
4329
116
13456
0.0268
3074
0.0471
20932


70-79
0.708
0.0354
4284
115
13225
0.0268
3033
0.0444
18158


80-89
0.707
0.0398
3519
103
10609
0.0293
2488
0.0494
15108


90-99
0.704
0.0406
2796
85
7225
0.0304
1968
0.0507
9967


100-119
0.703
0.0315
3293
91
8281
0.0276
2315
0.0419
9410


120-139
0.698
0.0417
1563
56
3136
0.0358
1091
0.0550
3598


140-
0.690
0.0415
1968
98
9604
0.0498
1358
0.0648
7748

Spruce
1-19
0.862
0.2134
1046
54
2916
0.0516
902
0.2196
39189


20-29
0.860
0.0990
1485
75
5625
0.0505
1277
0.1111
20146


30-39
0.841
0.0679
2299
97
9409
0.0422
1933
0.0799
23890


40-49
0.820
0.0365
1930
82
6724
0.0425
1583
0.0560
7858


50-59
0.816
0.0351
2847
97
9409
0.0341
2323
0.0489
12914


60-69
0.791
0.0317
3410
106
11236
0.0311
2697
0.0444
14341


70-79
0.784
0.0291
2794
93
8649
0.0333
2190
0.0442
9379


80-89
0.777
0.0294
2473
84
7056
0.0340
1922
0.0449
7451


90-99
0.782
0.0337
1963
69
4761
0.0352
1535
0.0487
5588


100-119
0.784
0.0273
2377
81
6561
0.0341
1864
0.0437
6621


120-139
0.782
0.0458
838
45
2025
0.0537
655
0.0706
2139


140-
0.788
0.0341
1291
69
4761
0.0534
1017
0.0634
4160

Deciduous
1-19
0.544
0.1014
837
131
17161
0.1565
455
0.1865
7210


20-29
0.551
0.0755
1206
65
4225
0.0539
665
0.0928
3800


30-39
0.554
0.0535
1612
73
5329
0.0453
893
0.0701
3918


40-49
0.556
0.0388
1805
78
6084
0.0432
1004
0.0581
3397


50-59
0.552
0.0460
1334
66
4356
0.0495
736
0.0676
2475


60-69
0.554
0.0576
871
55
3025
0.0631
483
0.0855
1701


70-79
0.545
0.0428
477
39
1521
0.0818
260
0.0923
576


80-89
0.545
0.0428
352
32
1024
0.0909
192
0.1005
372


90-99
0.544
0.0530
232
25
625
0.1078
126
0.1201
230


100-119
0.544
0.0530
189
25
625
0.1323
103
0.1425
215


120-139
0.544
0.0530
61
16
256
0.2623
33
0.2676
79


140-
0.544
0.0530
4
3
9
0.7500
2
0.7519
3

Total



81760

285490

58677

481750

In addition, to be able to estimate uncertainty in the carbon sink of forest biomass, uncertainty in drain has to be estimated. Because no detailed data was available for the estimate, a preliminary estimate of ±10% was used. Because growth and drain are close to each other, relative uncertainty of the carbon sink becomes rather large, even though forest data is accurate. When the above mentioned estimates are used, uncertainty in carbon sink in forest biomass is ±35%. To be able to estimate trend uncertainty, a correlation of 0.8 was assumed between sink in forest biomass in two years (1990 and 2003). These preliminary estimates could be revised by using more detailed models for the estimation of uncertainty.
Work to develop a method to estimate measurement errors and model errors of a tree stem volume estimate is going on as a normal NFI research project in Finnish Forest Research Institute. The goal is to derive distributions of errors as a function of measured or assessed variables.

7.2.4 Source-specific QA/QC and verification 

General (Tier 1) Quality Control (QC) procedures applied to category Forest land (CRF 5.A)
- Activity data were compiled and gross-checked.

- Data quality and estimation procedure from lower levels to higher levels were checked.

- Error estimated for activity data were checked and cross-checked with other estimates.

- The applied BEFs and conversion factors were checked.

- All units were checked

- Consistency of estimates were checked.

7.2.5 Source-specific recalculations including changes made in response to the review process 

No recalculations have been made since the last submission.

7.2.6 Source-specific planned improvements

The feasibility to use FAO’s definition for area calculations for time series will be solved in 2005. 

The design of NFI was changed in 2004 in such a way that the basic forest resource information for the entire country can be up-dated annually. The rotation was decreased from almost 10 years to 5 years. The tree increment estimate of the forests will denote the average five years increment also in the continuation. This has been considered the shortest possible period among forest inventory experts.

The new tree biomass models are available for 2006 reporting. The models predict tree level biomass and C content and their changes in a more accurate way than the earlier models. The models can be applied to the tree specific increments. 

The current total drain information does not include the structure of the drain, i.e., the information what type of trees (age, size) have been harvested. The work to be able to estimate the diameter and age structure of the total drain is going on. This information increases the accuracy of estimates of the C content of the drain.

Estimates of soil and dead organic matter pools on forest land (5.A) will be added to the inventory submission of 2006.
7.3 Cropland (CRF 5.B) and Carbon emissions from agricultural liming (CRF(IV))
7.3.1 Source category description

Cropland category includes CO2 emissions from cropland remaining cropland (CRF 5.B 1). Under this category the CO2 emissions from cultivation of mineral and organic soils are reported. These emissions correspond with the emissions previously reported according to the Revised 1996 IPCC Guidelines (IPCC, 1997) under category CRF 5.D as CO2 emissions and removals from soil (cultivation of organic and mineral soils). In the 2005 submission the CO2 emissions from agricultural soils are reallocated from the Agricultural category under the LULUCF category.

The amount of CO2 emitted from soils is dependent on soil carbon balance. Soil carbon balance is affected e.g. by the type and amount of organic material input, disturbance, soil properties and climatic variables (IPCC, 1997). Soils may act as a CO2 source or sink depending on the situation. CO2 is released from agricultural soils as a result of different management practices of mineral and organic soils and through application of lime.

CRF category 5 (IV) includes carbon emissions from agricultural lime application. CO2 emissions from liming were previously reported under CO2 emissions and removals from soil (CRF 5.D) according to the categorisation of Revised IPCC 1996 guidelines (IPCC 1997) under Agriculture but are now reported separately under LULUCF category according to the GPG LULUCF (IPCC 2003) in CRF Table 5 (IV) Carbon emissions from agricultural lime application.

7.3.2 Methodological issues

Methods

Cropland

CO2 emissions from cropland remaining cropland are calculated by using methods described in IPCC (2003). Emissions from mineral soils and organic soils are included. Area under cultivated crops, set-aside, permanent horticultural crops, greenhouses and kitchen garden are included as utilised agricultural area. However, carbon stock change in soils under permanent horticultural crops, greenhouses and kitchen garden is not estimated.

Mineral soils

Calculation of CO2 emissions from mineral soils is based on changes in the carbon stocks resulting from changes in land use and management activities in the period of 20 years. The area of mineral cropland soils is divided into high activity and sandy soils. In both soil type categories the area is divided between full tillage, reduced tillage and no-till. In the category of full tillage the area is further divided between medium input and high input. Reference carbon stocks were estimated based on expert judgement. The default stock change factors (IPCC, 2003) are used for estimating the effect of land use, management and input. The change in carbon stocks between the inventory year and 20 years before the inventory year is calculated for each soil type, land use, management and input category. Changes in carbon stocks of all categories are summed to gain the total soil carbon stock change. CO2 emissions for each inventory year are calculated by multiplying the carbon stock change during a 20 year time period with -1 and the coefficient 44/12 and dividing this by 20.

Organic soils

Emissions from organic soils are calculated using national and IPCC emission factors. The total area of cultivated organic soils is estimated as described in Chapter 6. Agriculture. The total area of cultivated organic soils is divided into peat soils and other organic soils according to their content of soil organic matter.  Soils having organic matter content over 40% are considered as peat soils. Soils having organic matter content 20-40% are considered as other organic soils. Total area of organic soil is the same as that reported in the Agriculture Chapter (see Section 6.5.2).

Liming

The emissions from liming have been calculated using the IPCC method and data from the Finnish Liming Association. Emissions from liming have been calculated using IPCC emission factors. For liming, the total amount of lime sold annually is obtained from the Finnish Liming Association. Limestone (CaCO3), dolomite (MgCa(CO3)2) and briquette lime were included. The amount of lime sold annually is multiplied with the specific emission factor for each lime type in order to get the amount of carbon in the compound. Carbon is converted to CO2 by multiplying with 44/12.
Emission factors and other parameters

Cropland
Default carbon stock change factors (IPCC, 2003) for temperate wet climate were used for calculating carbon stock changes in mineral cropland soils (Table 7.3_1.).

Table 7.3_1. Used carbon stock change factors in calculating emissions from Cropland (Source: IPCC, 2003).

FLUa
FMGb
FIc

Sandy soils




Crops




  Full tillage




    Medium input
0.71
1.0
1.0

    High input
0.71
1.0
1.38

  Reduced tillage
0.71
1.09
1.0

  No-till
0.71
1.16
1.0

Fallow
0.82
1.0
1.0

High activity soils




Crops




  Full tillage




    Medium input
0.71
1.0
1.0

    High input
0.71
1.0
1.38

  Reduced tillage
0.71
1.09
1.0

  No-till
0.71
1.16
1.0

Fallow
0.82
1.0
1.0

aStock change factor for land use or land-use change type.

bStock change factor for management regime

cStock change factor for input of organic matter

For calculating CO2 emissions from organic soils, separate EF´s are used for peatlands under grass or other crops and other organic soils under grass or other crops. Emission factors are both IPCC default values and national (Table 7.3_2). National emission factors are based on studies of Berglund (1989) and Nykänen et al. (1995).

Table 7.3_2. Emission factors used for calculating CO2 emissions from organic soils.
Emission source


EF
(Mg C/ha/a)
Reference

Peat soils

Soil organic matter content > 40% (w)



Grass
2
Berglund (1989)

Upland crops
4
Nykänen et al. (1995)

Other organic soils

Soil organic matter content 20–40% (w)



Grass
0.5
Berglund (1989)

Upland crops
1
IPCC default, IPCC (1997)

Liming

Emission factors used are IPCC default emission factors. The emissions from limestone and dolomite use are calculated separately. In addition, emissions from briquette lime (a waste product of sugar industry) are estimated. All the carbon in lime is assumed to be released to the atmosphere during the same year it is applied. The emission factors are 0.12 from limestone and 0.13 for dolomite and 0.12 for briquette lime. The high water content (33 %) of briquette lime is taken into account in the calculations.
Activity data

Cropland
Mineral soils
For mineral soils, the area under cultivated crops, set-aside, permanent horticultural crops, greenhouses and kitchen garden are included as utilised agricultural area. However, carbon stock change in soils under permanent horticultural crops, greenhouses and kitchen garden is not estimated. The area of mineral cropland soils is the area remaining after the proportion of organic soils is subtracted from the cultivated area (crops and set aside) reported in the Yearbook of Farm Statistics each year. The percentage distributions of different mineral soil types being high activity soils and sandy soils is estimated by expert judgement so that the proportion of sandy soils is constant (33 %) and the remaining area is divided between high activity and organic soils (Table 7.3_3.). Low activity soils as defined by the IPCC (IPCC, 2003) are not found in Finland (Yli-Halla et al., 2000). The area of no-till agriculture is based on expert judgement (Mikkola et al. 2005) as well as the area of reduced tillage (Smith et al. 2004). In the category of full tillage, the area is divided into medium input and high input so that the area of organic farming found in the statistics of the Ministry of Agriculture and Forestry is considered the area receiving high input.

Table 7.3_3. Distribution of areas of soil types, management and input on mineral cropland soils (kha).

1970
1980
1990
2000
2003

Sandy soils






Crops






  Full tillage






    Medium input
833.68
706.81
603.39
487.70
450.03

    High input
0
0.22
1.82
35.02
34.92

  Reduced tillage
0
41.80
83.60
125.40
137.94

  No-till
0
0.17
0.30
13.76
34.38

Fallow
15.77
33.76
60.32
59.76
72.73

High activity soils






Crops






  Full tillage






    Medium input
1065.18
993.18
930.71
786.69
739.84

    High input
0
0.31
2.80
56.49
57.40

  Reduced tillage
0
58.74
128.95
202.28
226.77

  No-till
0
0.24
0.46
22.20
56.52

Fallow
20.15
47.44
93.05
96.40
119.57

Total
1934.79
1882.67
1905.40
1885.71
1930.10

Organic soils

The development of the area estimate for organic soils for the years 1990-2003 is described in Chapter 6 Agriculture. For the years 1970-1987 the estimate is based on linear interpolation between the results of the studies of Kurki (1963) and Kähäri (1987), and for the years 1988-1989 on linear extrapolation from these data. The total area of cultivated organic soils is divided into peat soils and other organic soils according to their content of soil organic matter (peat soils >40 %, other organic soils 20-40 %). The area is further divided into grass and other crops based on expert judgement. Grass is estimated to be grown on 80 % of the peat soils and on 70 % of other organic soils. The rest is mainly cereals.

Liming
The amount of lime sold annually has been used as activity data (Table 7.3_4). The data have been received from the Finnish Liming Association.

Table 7.3_4. The amount of lime sold annually for the agriculture and estimated to be applied to Finnish fields in 1990-2003 (1000 t/year) (Source: Finnish Liming Association).

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

Limestone
600
392
314
306
280
583
662
695
668
640
627
588
678
443

Dolomite
714
505
357
624
618
204
229
298
272
275
269
252
226
148

Briquette lime
46.6
61.7
60.1
55.9
60.3
55.0
46.5
69.7
48.1
57.9
50.0
50.4
49.2
38.9

7.3.3 Uncertainty and time series’ consistency

Cropland

Uncertainty in the area of organic cropland was estimated at ±30% for 1990 and ±20% for 2003 based on expert judgement. The uncertainty estimate for the CO2 emission factor for organic soils was ±90% according to IPCC Good Practice Guidance for LULUCF (IPCC, 2003). For mineral soils, uncertainty in emissions/removals was estimated at ±100%. This estimate is preliminary, and could be revised by developing a more detailed model for the estimation of uncertainties. A correlation of 0.8 was estimated between emissions/removals from mineral soils between the two years (1990 and 2003). This assumption could also be revised by using a more detailed model for uncertainties. 
After implementing the new IPCC GPG LULUCF Guidelines (IPCC 2003), some reallocation of the reporting from certain land-use types has to be done. Carbon sinks of forested and abandoned agricultural areas have previously been reported under CRF 5.D CO2 emissions and removals from soils. However, as these areas are not to be reported under Cropland in the future, they are excluded from this submission. That causes some inconsistency between year 2003 and previous years but the whole time series will be updated for the next submission.

Liming

The uncertainty in activity data for liming is estimated at ±20% based on expert judgement. The uncertainty estimate for emission factor is negatively skewed (-20 to +3%), because more than 100% of the carbon cannot be released, but the amount can be smaller. 

The amount of lime applied annually has been received from the Finnish Liming Association for the whole time series, so in that sense time series could be considered consistent. However, because the estimation of the amount of lime applied annually to agricultural soils is based on sales statistics, it causes some additional uncertainty in this emission source category. 
7.3.4 Source-specific QA/QC and verification 

QA/QC plans for Cropland and CO2 emissions from agricultural lime application include the QC measures based on IPCC (IPCC 2000, Table 8.1, p. 8.8-8.9). These measures are implemented every year during the inventory. Potential errors and inconsistencies are documented and corrections are made if necessary.

7.3.5 Source-specific recalculations including changes made in response to the review process 

The whole time series is recalculated because of the reallocation of CO2 emissions from cropland from Agriculture sector into the LULUCF sector. The soil type distribution was changed since

No recalculations in category 5 (IV) C emissions from agricultural liming have been made since the last inventory submission. 

7.3.6 Source-specific planned improvements

As CO2 emissions from agricultural soils have been recognised as a key kategory, more focus should be put into developing the inventory of this source category. Currently there is not enough data from mineral soils in order to use process-based models for estimating carbon stock changes from Cropland. 

Changes in areas between different land use types should be estimated. The distribution of mineral soils into different types should be checked and re-estimated according to the latest research data. The distribution of cultivated organic soils into different crop types should be checked and updated if necessary. New emission factors based on latest research data should be included for organic soils.

The amount of lime sold annually and the completeness of the time-series should be checked. All the most important lime species should be included into the inventory but double-counting with emissions from energy sector has to be avoided.

7.4 Grassland (CRF 5.C)  

7.4.1 Source category description

This source category includes CO2 emissions from grasslands remaining grasslands (CRF 5.C 1). Under this category the CO2 emissions from cultivation of grassland soils and abandoned agricultural soils are reported. 

The amount of CO2 emitted from soils is the result of changes in the carbon stock of the soils. Soil carbon balance is affected e.g. by the type and amount of organic matter input, disturbance, soil properties and climatic variables (IPCC, 1997). Soils may act as a source or sink of CO2 depending on the situation.

The area of grasslands include grasslands and meadows more than five years old (Yearbook of Farm Statistics) together with the area estimate obtained by subtracting the utilised agricultural area (without the area of grasslands and meadows more than five years old) (Yearbook of Farm Statistics) from the area of agricultural soils reported in the National Forest Inventory. The division to organic, high activity and sandy soils was done according to the description in the section 7.3 Cropland.
7.4.2 Methodological issues

Methods

CO2  emissions from grassland remaining grassland are calculated by using methods described in Chapter 3 of Good Practice Guidance for Land Use, Land-Use Change and Forestry (Equation 3.4.9B in IPCC 2003) Emissions from mineral soils and organic soils are calculated separately.

Carbon stocks are estimated in each soil type category of the mineral soils in the inventory year and 20 years prior to that. The default carbon stocks for grasslands of the IPCC (IPCC 2003) are multiplied with the stock change factors. Land use factor of 1, management factor of 1.14 and input factor of 1 is used for the whole area of grasslands on mineral soils. The sum of stock changes in each category is multiplied with -1 and divided by 20 to obtain the annual emission to be reported.

Methodology used corresponds to the Tier 1 level method of IPCC GPG LULUCF. There is no data currently available for higher tier methods. The carbon stock change factors used represent the average management of these soils which range from abandoned fields to pastures fertilised with manure. Division to different categories based on the intensity of management is not currently possible.

Emission factors and other parameters

Default carbon stocks for high activity and sandy grassland soils were used together with the default carbon stock change factors (IPCC, 2003). The carbon stock change factors used represent the average management of these soils which range from abandoned fields to pastures fertilised with manure.

For organic soils the default emission factor of IPCC (0.25 t C /ha/a) for grasslands is used, since no national emission factor is currently available (IPCC, 2003, Table 3.4.6).

Activity data

The area of grasslands includes grasslands and meadows more than five years old (Yearbook of Farm Statistics) together with the area estimate obtained by subtracting the utilised agricultural area (without the area of grasslands and meadows more than five years old) (Yearbook of Farm Statistics) from the area of agricultural soils reported in the National Forest Inventory. The division to high activity and sandy soils is done according to the description in the section 7.3 Cropland. The percentage of organic soils is assumed to be the same as that on cropland soils.

Table 7.4_1. Distribution of areas of soil types on grassland soils (kha).

1970
1980
1990
2000
2003

Sandy soils
247.4
256.9
244.8
211.2
189.8

High activity soils
316.1
361.0
377.5
340.7
312.0

Organic soils
186.2
160.6
119.4
88.1
73.3

Total
749.6
778.6
741.6
640.1
575.1

Permanent grasslands and pastures are included in the source category, not grass cultivated as part of a crop rotation. Since the agricultural area reported in the National Forest Inventory contains also abandoned agricultural areas, these areas are included in this category before conversion to forests.

7.4.3 Uncertainty and time series’ consistency

Uncertainty in the area of organic grassland was estimated at ±30% based on expert judgement. The uncertainty estimate for the CO2 emission factor for organic soils is ±90% according to IPCC Good Practice Guidance for LULUCF (IPCC, 2003). For mineral soils, uncertainty in emissions/removals was estimated at ±100%. This estimate is preliminary, and could be revised by developing a more detailed model for the estimation of uncertainties. A correlation of 0.8 was estimated between emissions/removals from mineral soils between the two years (1990 and 2003). This assumption could also be revised by using a more detailed model for uncertainties.
7.4.4 Source-specific QA/QC and verification

QA/QC plan for LULUCF category (Cropland, Grassland) includes the QC measures based on IPCC (IPCC 2000, Table 8.1, p. 8.8-8.9). These measures are implemented every year during the inventory. Potential errors and inconsistencies are documented and corrections are made if necessary.

7.4.5 Source-specific recalculations including changes made in response to the review process

The source category in included in to inventory for the first time.

7.4.6 Source-specific planned improvements

The area estimate of grasslands more than five years old is found in the Yearbook of Farm Statistics from the year 1995 on. The area of the year 1995 has been used also for years 1970-1994 in the current inventory. The availability of the area estimates before 1995 will be checked for the next inventory.

7.5 Wetland (CRF 5.D)

Finland reports CO2 and CH4 emissions from peat extraction areas under energy sectors fugitive emissions (CRF 1.B1c).

7.6 Settlements(CRF 5.E) and Other land (CRF 5.F)

Parties do not have to prepare estimates for categories contained in appendixes 3a.2, 3a.3 and 3a.4. At this point sufficient information is not available to prepare the Finnish estimates for the land-use category Settlement.

Land conversion to other land is not significant in Finland.

7.7 Non-CO2 emissions 

7.7.1 Direct N2O emissions from fertilisation (CRF 5 (I))

7.7.1.1 Source category description

This source category covers the direct nitrous oxide emissions from forest fertilisation (CRF 5 (I)). Under this category the direct N​2O emissions from forest land, nationally defined Productive forest land and Low productive forest land, are reported. The annual amount of nitrogen applied to forest bases on the information produced by Kemira GrowHow Oyj. Direct N2O emissions from forest land fertilization have been included for the first time to the inventory.

7.7.1.2 Methodological issues

Methods 

N2O emissions are calculated using method described in IPCC Good Practice Guidance for LULUCF. The equation presented in IPCC 2003 (eq. 3.2.18) is applied to estimate emissions from synthetic fertiliser. Used activity data is the amount of nitrogen applied directly to forests through fertilisation. The IPCC default emission factor is used.

Emission factors and other parameters

The default emission factor 1.25 % is used (IPCC 2003).

Activity data

The used amount of nitrogen for forest fertilisation is based on the annual sale statistics on forest fertilisers, of which the amount of nitrogen is derived (Table 7.7_1.). The information is produced by Finnish company Kemira GrowHow Oyj. In 2003 1.85 Gg of nitrogen was applied to forest. 

The amount of nitrogen is an estimate. Some fertilisers are used both for croplands and forests (urea and saltpeter) and the target of the end user is not known.

Table 7.7_1. The estimated amount of nitrogen (N) applied to forest in 1990–2003 (1000 kg/year) (Source: Kemira GrowHow Oyj).


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

Nitrogen
4404
3324
1408
565
1897
1066
1262
2063
1423
2220
2200
1800
1900
1850

7.7.1.3 Uncertainty and time series’ consistency

For the estimation of uncertainties, the same estimates for activity data (±10%) and emission factor (-90 to +380%) were used as in the Agriculture sector.

7.7.1.4 Source-specific QA/QC and verification

Source specific QA/QC procedures for this new reporting category will be described in forthcoming submission. 

7.7.1.5 Source-specific recalculations including changes made in response to the review process 

No recalculations have been made. The source category is included in to inventory for the first time.

7.7.1.6 Source-specific planned improvements

No improvement plan at the moment.

7.7.2 N2O emissions from drainage of soils (CRF 5 (II))

Parties do not have to prepare estimates for categories contained in appendixes 3a.2, 3a.3 and 3a.4. At this point sufficient information is not available to prepare Finnish estimates.

7.7.3 N2O emissions from disturbance associated to land use conversion to cropland (CRF 5 (III))

At this point sufficient information is not available to prepare the Finnish estimates for the CRF 5 (III). This source category will be included in forthcoming submission.

7.7.4 Biomass burning (CRF 5 (V))

7.7.4.1 Source category description

This source category incudes greenhouse gas emissions (CO2, CH4 and N2O) from biomass burning on forest land comprising wildefires and controlled burnings (prescribed burnings following final fellings). Forest land consist of productive forest land and low productive forest land according to national definitions (see chapter 7.2). It is supposed that prescribed burnings occure only on productive forest land, while wild fires are possible on productive forest land and low productive forest land.

7.7.4.2 Methodological issues

Methods 

Method described in IPCC (2003) is used with national activity data and IPCC default emission factors. Emissions from wild fires and controlled burnings are included apart from restoration burnings for biological diversity. The areas used in calculations base on published statistics. For carbon content calculation estimates of mean volume of growing stock base on the ninth NFI data.

Calculations are made in three stages  as follows wild fires and prescribed fires alike:

1) Country specific coefficients are used to convert mean volume (m3/ha) of growing stock to carbon content of dry biomass per hectare (Karjalainen and Kellomäki 1996, Tomppo 2000). 

2) Annual losses of carbon is calculated multiplying average carbon content per hectare by area burned (ha) and by combustion fraction value (eq. 3.2.9 in IPCC 2003, p. 3.28). Combustion fraction values presented in IPCC LULUCF (table 3A.1.12) are used. 

3) CO2 and non-CO2 emissions from carbon relesed were estimated applying equatation 3.2.19 presented in IPCC (2003) (p. 3.49.).

The formula for conversion factor from stem volume to biomass C content is from (Karjalainen and Kellomäki (1996) (see chapter 7.2.).

Emission factors and other parameters

Default emission factors from GPG LULUCF (IPCC 2003) are used. Used emission ratio for CH4 is 0.012 and for N2O 0.007. For N/C ratio IPCC default value 0.01 is used.

Activity data

Mean volume of growing stock by tree species are calculated from the ninth NFI data. Mean volumes of combined productive and low productive forest land for wild fires were used, but for prescribed burnings mean volumes of productive forest land were used. Prescribed burnings are a measure to improve growing conditions for new tree generation and therefor carried out only on productive forest land. Mean volume estimates for wild fires are for pine 43 m3/ha, for spruce 30 m3/ha and for non-conifers 17 m3/ha. Mean volume estimates for prescribed burnings by tree species are for pine 48 m3/ha, for spruce 34 m3/ha and for non-conifers 19 m3/ha.

The areas of prescribed burnings and wild fires are published in the Finnish Statistical Year Book 2004. The source of wild fires is the Ministry of the Interior. Area of prescribed burnings bases on the information compiled from several organisations carried out burnings by the Finnish Forest Research Institute.

Area of wild fires in 2003 was 720 ha and area of  prescribed burnings 1343 ha.

7.7.4.3 Uncertainty and time series’ consistency

Uncertainty in activity data (area) for biomass burning is estimated at ±10% based on expert judgement. Uncertainties in emission factors (±70%) are based on IPCC Good Practice Guidance for LULUCF (IPCC, 2003). These estimates could be revised by using knowledge of national circumstances.

For time series the same estimate for mean volume of growing stock is used, which is slightly over estimation for first part of the time series.

7.7.4.4 Source-specific QA/QC and verification

Source specific QA/QC procedures for this new reporting category will be described in forthcoming submission.

7.7.4.5 Source-specific recalculations including changes made in response to the review process 

Emissions from biomass burning on forest land are reported for the first time. 

7.7.4.6 Source-specific planned improvements

-

WASTE (CRF 6)

8.1 Overview of sector

Description

In the Finnish inventory emissions from the Waste Sector cover CH4 emissions from solid waste disposal sites including solid municipal, industrial, construction and demolition wastes and municipal (domestic) and industrial sludges. In addition, the Waste Sector includes CH4 emissions from municipal (domestic) and industrial wastewater handling plants and uncollected domestic wastewaters. N2O emissions are generated from nitrogen input of fish farming as well as domestic and industrial wastewaters discharged into waterways. 

NMVOC emissions from solid waste disposal sites and wastewater handling are also estimated in the Finnish inventory.

Emissions from the composting arise mainly from exceptional operation conditions  and are estimated to be negligible.

Quantitative overview

Emissions from the waste sector were 2.73 Tg CO2 equivalent in 2003. This was about 3% of the total greenhouse gas emissions in Finland. Solid waste disposal on land (landfills and dumps) causes relatively large CH4 emissions in Finland while emissions from wastewater handling are smaller (Figure 8.1_1). 
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Figure 8.1_1 Greenhouse gas emissions from the Waste Sector in 2003 compared with the total greenhouse gas emissions in Finland.

CH4 emissions from landfills are the most important greenhouse gas emissions in the waste sector. Since 1990 these emissions have decreased by more than 30%. (Figure 8.1_2). The decrease has been mainly due to the implementation of the new waste law in Finland in 1994. At the beginning of the 1990s, around 80% of the generated municipal waste was taken to solid waste disposal sites (landfills). After the implementation of the new waste law, minimisation of waste generation, recycling and reuse of waste material and alternative treatment methods to landfills have been endorsed. Similar developments have occurred in the treatment of industrial waste, and municipal and industrial sludges. 
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Figure 8.1_2 Trend in the Waste Sector’s emissions in 1990-2003.
The emission trend in the Waste Sector by subcategory and gas is presented in Table 8.1_1.

Table 8.1_1. Emissions in the Waste Sector during 1990-2003 (Tg CO2 eq)
Source category
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

Solid waste disposal on land, CH4
3.68
3.73
3.76
3.76
3.69
3.62
3.54
3.44
3.28
3.20
3.01
2.90
2.68
2.50

Wastewater handling
0.29
0.28
0.28
0.27
0.27
0.27
0.26
0.26
0.25
0.25
0.24
0.24
0.23
0.23

CH4
0.15
0.14
0.14
0.15
0.14
0.15
0.14
0.14
0.14
0.13
0.13
0.13
0.13
0.13

N2O
0.14
0.13
0.13
0.13
0.13
0.13
0.12
0.12
0.12
0.11
0.11
0.11
0.10
0.11

Total
3.97
4.01
4.04
4.03
3.96
3.90
3.80
3.70
3.53
3.45
3.25
3.14
2.92
2.73

Key kategories

Methane emissions from solid waste disposal on land have been identified with IPCC Tier 2 method as a key category by level in 2003 and trend with and without LULUCF. N2O emissions from domestic and commercial wastewaters from densely populated areas were also identified as a key kategory by trend  without LULUCF.

8.2 Solid Waste Disposal on Land (CRF 6.A)

8.2.1 Source category description

The emission source includes CH4 emissions from solid waste disposal sites from disposal of solid municipal, industrial, construction and demolition wastes, and municipal (domestic) and industrial sludges. The trend in CH4 emissions from solid waste disposal on land is presented by subcategory in Table 8.2_1.

Table 8.2_1. Emission from solid waste disposal on land in 1990-2003 by subcategory (Tg CO2 eq.).
Source category
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

Municipal solid waste
2.24
2.26
2.26
2.25
2.19
2.15
2.10
2.04
1.95
1.94
1.82
1.76
1.62
1.52

Municipal sludge
0.16
0.16
0.16
0.16
0.16
0.15
0.13
0.11
0.09
0.08
0.07
0.06
0.05
0.04

Industrial sludge
0.48
0.50
0.51
0.51
0.51
0.51
0.50
0.50
0.47
0.44
0.41
0.39
0.36
0.32

Industrial solid waste
0.49
0.51
0.52
0.52
0.51
0.51
0.50
0.49
0.48
0.46
0.44
0.43
0.42
0.40

Constr. and demol. waste
0.31
0.31
0.32
0.32
0.31
0.31
0.30
0.30
0.28
0.28
0.27
0.26
0.24
0.22

Total
3.68
3.73
3.76
3.76
3.69
3.62
3.54
3.44
3.28
3.20
3.01
2.90
2.68
2.50

8.2.2 Methodological issues

Methods

Emissions from solid waste disposal on land have been calculated using the First Order Decay (FOD) method, which is the IPCC Tier 2 method given in the IPCC Good Practice Guidance (GPG 2000). 
IPCC equations 5.1 and 5.2 (GPG 2000) have been used as a basis for calculations. Equation 5.1 has been slightly modified, so that the term MCF(t) (Methane correction factor in year t) has been substituted by the term MCF(x) in the calculation of methane generation potential L0(x). Calculation is not made separately for each landfill but the total waste amount and the average common MCF value for each year were used. It has been thought that the situation in year t defines the MCF to be used for the emissions caused by waste amounts landfilled in the previous years as well. In Finland this is also valid for closed landfills (which have been unmanaged when used) because all the closed landfills have been covered at present. The modified equation can be seen in the Annex at the end of Chapter 8.

Emission factors and other parameters

The parameters used in the calculation are mainly IPCC default values. Some country-specific emission parameters (factors) are used (Table 8.2_2). The choices of the parameters are in full agreement with the information and data ranges given in the Good Practice Guidance (IPCC 2000). 

Table 8.2_2. Emission factors and parameters used in calculations (country-specific (CS) expert estimations or IPCC default values (D)).
Factor/parameter
Value
Type of emission factor



MCF (Methane correction factor)
1
D (from 2002 onwards)

DOC (Fraction of degradable organic carbon in municipal solid waste) 
0.1975
D/CS (based on waste composition in 1990) 

DOCF  (Fraction of DOC dissimilated) 
0.50
CS

F (Fraction of methane in landfill gas) 
0.5
D

OX (Oxidation factor) 
0.1
CS

Methane generation rate constants;

k1 = Sludges and food waste in MSW


k2 =  wood waste in MSW and in construction and demolition waste, 

paper waste containing lignin in MSW)


k3 =  industrial solid waste and other fractions of MSW than above
k1 = 0.2



k2 = 0.03 






k3 = 0.05 
D/CS Country-specific k1 and k2 are according to the rapid and slow rate constants in the Good Practice Guidance

MCF (Methane correction factor) 


In 1990: 0.982

In 1991: 0.985

In 1992-1996: 0.988

In 1997-2001: 0.994

In 2002-2003: 1.0
D/CS; weighted mean value of the default values of 1 and of 0.4.  

Varies between the years

The use of other values than the IPCC default values are justified by international and national research. The IPCC default values generally overestimate the emissions and therefore a lower DOCF value (0.5), based on the outcomes of several expert meetings, has been chosen. This value is also consistent with the fact that the conditions at most Finnish landfills are not optimal for methane generation. For instance, many of the landfills are shallow and the mean temperature has been found to be between 10 – 15oC (Väisänen 1997). OX is chosen to be 10% of the CH4 generated at landfills based on international research (e.g. Oonk & Boom 1995).

DOC fractions of different types of waste are based on the IPCC default values and national research data (Isännäinen 1994). For MSW IPCC default values of DOC fractions (wood 0.3, paper and textiles 0.4) are used except food and garden waste have the average value of 0.16 from the IPPC default values resulting in the average DOC value of 0.1975 of solid municipal waste (Table 8.2_3).

Table 8.2_3. The waste groups and the waste subgroups and the corresponding DOC values
Waste group and subgroups
DOC



Solid municipal waste

Textile
0.1975

Paper
0.1975

Wood
0.1975

Grease
0.1975

Other
0.1975

Inert
0.1975

Plastic
0.1975

Mixed (other)
0.1975

Municipal sludge

Handling plants
0.50

Septic tanks
0.50

Sand separation
0.10

Industrial sludge

Other industry
0.45

Pulp and paper
0.45

De-inking
0.30

Fibre and coating
0.10

Solid industrial waste

Textile
0.40

Organic
0.16

Paper
0.40

Wood
0.30

De-inking reject
0.10

Oil
0.10

Green liquor sludge
0.02

Other
0.10

Construction and demolition waste

Plastic
0

Asphalt
0.02

Inert
0

Wood
0.3

Mixed
0.07

Paper (packaging)
0.4

Textile (packaging)
0.4

Other (packaging)
0.1

Industrial inert waste

Plastic
0

Other combustible
0

Other non-combustible
0

Ash
0

Sludge
0

Other inert waste

Mine
0

Soil
0

The waste composition of solid municipal waste is based on the situation in 1990 (Table 8.2_4). The share of slowly degradable paper and paperboard is based on the approximately estimated content of mechanical pulp (with lignin) and chemical pulp (no lignin) in the paper and paperboard products consumed in Finland.

Table 8.2_4.The waste composition of solid municipal waste.
Waste type
Composition



Paper and paperboard

26.7%  of which 35% slowly degradable (k = 0.03) and 65% has k value of 0.05.  

Food and garden waste
36.8%  rapidly degradable (k = 0.2)

Plastics (inert)
5.6%

Glass (inert)
3.4%

Textiles
1.2%  default k value (k = 0.05)

Wood

6.5%  slowly degradable (k = 0.03)

Other – inert

12.6%

Other – organic
7.2% default k value (0.05)

Activity data

The activity data used in the calculation are taken from the VAHTI database. The VAHTI is the Compliance Monitoring Data System of Finland’s environmental administration. The VAHTI database includes information on all landfills in Finland excluding Aland. The VAHTI contains data on the total amounts of waste taken to landfills from 1997 onwards. In the VAHTI the waste amounts are registered according to the EWC (European Waste Catalogue) classification (both EWC 1997 and EWC 2002). Sampling routines have been developed to convert the classification of the VAHTI database to the classification used in the emission estimations. Corresponding data for the years 1992 – 1996 were collected to the Landfill Registry of the Finnish Environment Institute. The activity data for municipal waste for the year 1990 are based on the estimates of the Advisory Board for Waste Management (1992) for municipal solid waste generation and treatment in Finland in 1989. The disposal data (amount and composition) at the beginning of the 1990s for industrial, construction and demolition waste are based on surveys and research by Statistics Finland (Vahvelainen & Isaksson 1992; Isaksson 1993; Puolamaa et al. 1995) and the Technical Research Centre of Finland VTT (Perälä & Nippala 1998; Pipatti et al. 1996). 

The amount of landfilled waste in 1990 – 2003 is presented in Table 8.2_5. The corresponding DOC tons are given in Table 8.2_6.

Estimated data on waste amounts before the year 1990 are based on the report of VTT (Tuhkanen 2002). Data on landfill gas recovery are obtained from the Finnish Biogas Plant Register (Kuittinen & Huttunen 2004) and presented in Table 8.2_7. The great increase in the amounts of recovered methane in the beginning of 2000 comes from the regulations of landfill gas recovery (Council of State Decree 861/1997 on Landfills).
Table 8.2_5. Landfilled waste in 1990 – 2003 (1000 t).

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

Municipal solid waste
2450
2291
2131
1906
1646
1689
1591
1493
1554
1495
1625
1542
1483
1449

Municipal sludge
52
52
52
51
50
30
26
11
7
7
9
15
8
6

Industrial sludge
210
210
210
205
195
195
190
173
139
121
122
133
114
81

Industrial solid waste
2618
2562
2507
2300
2000
1700
1400
1214
1430
2456
2397
2623
2933
3100

Constr. and demol. waste
1262
1110
781
667
639
637
567
553
450
457
498
554
438
397

Table 8.2_6. Landfilled waste in 1990 – 2003 (1000 DOC t).

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

Municipal solid waste
484
452
421
376
325
334
314
295
307
295
321
304
293
286

Municipal sludge
26
26
26
26
25
15
13
5
4
3
5
8
4
3

Industrial sludge
89
89
89
86
82
80
77
69
55
48
45
48
34
20

Industrial solid waste
129
121
114
84
73
62
51
45
27
24
25
23
14
10

Constr. and demol. waste
93
79
57
48
45
43
39
38
32
32
39
39
27
25

Table 8.2_7. Landfill CH4 recovery in 1990-2004 (Gg).
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

0
0.54
1.10
0.75
1.96
2.84
4.3
6.34
10.16
9.58
16.24
18.83
26.93
31.83

8.2.3 Uncertainty and consistency of time series 

The uncertainty in solid waste disposal is assessed by replacing the parameters of the FOD model with probability density functions describing the uncertainty. As a result of simulation, uncertainty in the emission estimate of CH4 from landfills contained an uncertainty of around (40% in 2003. The correlation between uncertainties in emissions in 1990 and 2003 was 0.9 according to simulations. This correlation was also included in the KASPER model (model for the estimation of total uncertainty in the inventory).

In Finland, the historical waste amount is assessed starting from the year 1900. The uncertainties in historical activity data (estimated on the basis of different weighting of the population and GDP that are assumed to be good indicators of the amount of waste) are large but the amount of waste produced at the beginning of the 1900s was rather small, thus reducing the significance of large uncertainties. The uncertainty estimates of the current amounts of waste are based on differences between different statistics and complemented with expert judgement.

In the case of municipal sludge, the uncertainties in both historical and current activity data are quite large. On the other hand, the amount of industrial waste can be fairly accurately estimated based on industrial production, and therefore these uncertainties are the smallest in historical years.

Parameters of the FOD model contain higher uncertainties than activity data. Uncertainties are mainly due to lack of knowledge of the waste degradation process. It is also unclear if the parameters of the model are suitable for Finnish conditions. The uncertainties in other calculation parameters of the FOD model are estimated using measurement data, IPCC default uncertainties and expert judgement. 

In some cases Finnish uncertainties are estimated lower than in the IPCC Good Practice Guidance due to advanced knowledge. For example, different DOC values are used for different types of waste based on measurements done in 1990. Therefore this uncertainty is estimated smaller than uncertainties in IPCC default DOC values.

In Finland, the amount of landfill gas recovered is obtained from the Finnish Biogas Plant Register, and this figure is considered accurate. An interesting note is that methane recovery describes the reduction of emissions compared with the situation where gas is emitted. In this case, the emission reduction is accurately known, though total emissions contain higher uncertainties.  

The uncertainty in the fraction of methane in landfill gas is based on knowledge of a possible theoretical amount of methane in landfill gas. Uncertainty based on this estimate ((20%) is also very close to the variation of methane content in landfill gas obtained according to measurements done in different landfill sites in Finland. It is, however, estimated that uncertainties in measurements may be fairly large.

The uncertainty estimate was performed by integrating the Monte Carlo simulation straight to the FOD model. Possible model error is also assumed to be covered by the uncertainty estimates of the model parameters. A detailed description of the uncertainty analysis has been presented in Monni & Syri  (2003) and Monni (2004).

8.2.4 Source-specific QA/QC and verification

General (Tier 1) Quality Control (QC) procedures applied in category CRF 6.A.

-  Documentation on activity data and emission factors was cross-checked with the corresponding data on MS Access tables and calculation models.

· A sample of input data from each source category was cross-checked for transcription errors.

-  Part of emission calculations (methane generation potential) was reproduced.

· Units and conversion factors were checked

- Database data relationships and data fields were checked. Documentation of the database and data processing steps will be improved in the next year inventory.

· Consistency of DOC values in different groups (source categories) was checked.

-  Data aggregation and transcription from lower reporting levels to higher levels were checked. 

Tier 2 QC for activity data 

The MSW generation rate and the MSW disposal rate of the inventory were compared with the corresponding default values of the Revised 1996 IPCC Guidelines. In 1990 these values correspond to each other, but after that the values in the inventory have developed considerably lower. The decrease has been mainly due to the preparation and implementation of the new waste law in Finland in 1994. At the beginning of the 1990s, around 80% of the generated municipal waste was taken to solid waste disposal sites (landfills). After the implementation of the new waste law, minimisation of waste generation, recycling and reuse of waste material and alternative treatment methods to landfills have been endorsed. Similar developments have occurred in the treatment of industrial waste, and municipal and industrial sludges. 

The VAHTI database data were cross-checked with the data of previous years. The errors and faults discovered were corrected and documented. The most significant of them were checked either from Regional Environment Centres or from the companies that manage the landfills in question.  

The activity data of the year 2003 is compared  with the data of Statistics Finland. 

Tier 2 QC for emission factors 

Country-specific emission factors were cross-checked and compared with IPPC default values. Emissions were also estimated with the IPCC default method and with the original IPCC calculation formula of the FOD method in the Good Practice Guidance (without the modification explained in Chapter 3.1).

8.2.5 Source-specific recalculations including changes made in response to the review process

No recalculations have been made in (CRF 6.A) since the previous inventory submission.

8.2.6 Source-specific planned improvements

The activity data before 1990 for waste as well as the waste composition data for MSW will be reviewed and changed if better information is available.

8.3 Wastewater Handling (CRF 6.B)

8.3.1 Source category description

The emission sources cover municipal (domestic) and industrial wastewater handling plants and uncollected domestic wastewaters for CH4 emissions.

N2O emissions are generated from nitrogen input of fish farming as well as domestic and industrial wastewaters into waterways.

Emission trends from wastewater handling by subcategory and gas are presented in Table 8.3_1.

Table 8.3_1. Emissions from wastewater handling in 1990-2003 by subcategory (Tg CO2 eq). 


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

Methane emissions (Total)
0.153
0.144
0.144
0.147
0.144
0.146
0.142
0.142
0.139
0.134
0.131
0.130
0.128
0.128

Collected domestic and com. wastewater
0.014
0.013
0.012
0.012
0.012
0.013
0.012
0.013
0.013
0.013
0.013
0.013
0.014
0.014

Uncollected domestic wastewater
0.117
0.111
0.112
0.114
0.110
0.112
0.109
0.109
0.105
0.101
0.098
0.098
0.094
0.095

Industrial wastewater
0.022
0.020
0.019
0.021
0.022
0.021
0.021
0.020
0.020
0.020
0.020
0.019
0.019
0.019

Nitrous oxide (Total)
0.141
0.135
0.131
0.126
0.126
0.126
0.122
0.121
0.115
0.111
0.110
0.110
0.103
0.105

Collected domestic and com. wastewater
0.075
0.072
0.071
0.070
0.071
0.071
0.070
0.069
0.062
0.060
0.060
0.061
0.057
0.060

Uncollected domestic wastewater
0.030
0.028
0.028
0.027
0.026
0.028
0.028
0.028
0.028
0.027
0.026
0.026
0.025
0.025

N-input from industrial wastewater
0.028
0.027
0.024
0.022
0.022
0.021
0.018
0.019
0.020
0.019
0.019
0.019
0.017
0.017

N-input from fish farming
0.008
0.009
0.008
0.007
0.006
0.006
0.006
0.005
0.005
0.005
0.005
0.005
0.004
0.003

Total wastewater
0.294
0.279
0.275
0.273
0.270
0.273
0.264
0.263
0.254
0.245
0.242
0.240
0.231
0.233

8.3.2 Methodological issues

Methods 

A national methodology that corresponds to the methodology given in the Revised (1996) Guidelines is used in the estimation of the CH4 emissions. The emissions from municipal wastewater treatment are based on the BOD7 load (Biochemical Oxygen demand, 7-day test) of the wastewaters. The BOD7 measurements are converted to the BOD5 load (5-day test) by factor 0.857. The emissions from industrial wastewater treatment are based on the COD load (Chemical Oxygen demand). These DC (Degradable Organic Component) values of wastewaters with shared methane conversion factors have been used for both wastewater and sludge handling. The emissions from sludge disposal on land are, however, estimated and reported in the Solid waste disposal on land (landfills) subsector.

The equations used for calculating CH4 emissions from domestic (not including uncollected domestic wastewater) and industrial wastewater treatment are described in the Annex at the end of Chapter 8. 

The emission estimates are uncertain as parameters are based on expert opinions. The IPCC Guidelines have only two default values for the methane conversion completely aerobic or anaerobic. The DC values of wastewaters with shared methane conversion factors have been used for both wastewater and sludge handling. The estimated methane conversion factors for collected wastewater handling systems (industrial and domestic) are low in Finland because the handling systems included in the inventory are either aerobic or anaerobic with complete methane recovery. The emission factors mainly illustrate exceptional operation conditions. For uncollected domestic wastewaters the Check method with the default parameters (IPCC Good Practice Guidance) has been used. There are no plant-specific measurements for the degradable organic component of sludge in Finland. Especially for domestic wastewater there are good measurement results for DC of wastewaters in Finland. 

In Finland, the N input from fish farming and from municipal and industrial wastewaters into the waterways is collected into the VAHTI database. For municipal wastewaters the measured values have been considered more reliable than the N input according to population data. In addition to the IPCC approach, the nitrogen load from industry and fish farming was also taken into account. 

The Revised (1996) Guidelines present a methodology to calculate the N2O emissions from sewage in the Agriculture sector. The methodology is very rough and the N input into waterways is based on population data. In Finland, the N input from fish farming and from municipal and industrial wastewaters into the water-ways is collected into the VAHTI database. For uncollected wastewaters the nitrogen load is based on population data. 

The assessed N2O emissions cover only the emissions caused by the nitrogen load to waterways. In addition to the emissions caused by the nitrogen load of domestic and industrial wastewaters the emissions caused by the nitrogen load of fish farming have also been estimated. 

N2O emission calculations are consistent with the IPCC method for discharge of sewage nitrogen to waterways: 

Emissions (Gg N2O) = Nitrogen load into waterways (kg) * EFN20 sewage*10-6
Where

 EFN20 sewage = Emission factor (kg N2O/kg N), IPCC default = 0.01 
Emission factors and other parameters

Emission factors for municipal (domestic) wastewaters are IPCC default factors for the maximum methane producing capacity Bo = 0.625 (= 2.5 * 0.25) kg CH4/kg BOD and country-specific, based on expert knowledge, for the methane conversion factor MCF = 0.01. 

For the industrial wastewaters the emission factor is the IPCC default for the maximum methane producing capacity Bo = 0.25 kg CH4/kg COD and a country-specific emission factor based on expert knowledge for the methane conversion factor MCF = 0.005.

In the Check method and in the N2O calculation the emissions factors are the IPCC default factors. 
Activity data

Activity data are based on 

municipal (domestic and commercial) wastewater: Population (Check method); the BOD (BOD7) values and N input values of wastewaters from the VAHTI database and from the Water and Sewage Works Register.

industrial wastewater: the COD values of wastewaters from the VAHTI database and from the Register for Industrial Water Pollution Control. 

Built-in queries from the VAHTI database have been used for activity data. The results from these queries have been compared with the results from the above-mentioned Registers.

Nitrogen load from fish farming has been taken from the reports by M.-L. Hämäläinen from the Finnish Environment Institute.

The collected BOD and COD values and Nitrogen input values are presented in Table 8.3_2 and Table 8.3_3, respectively.

Table 8.3_2. BOD5 and COD loads in 1990-2003 (1000 t)

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

Collected BOD7 load (municipal wastewater)
121
118
107
109
110
113
110
112
117
118
118
118
123
128

Collected BOD5 load (municipal wastewater)
104
101
92
94
95
97
95
96
101
102
101
101
106
110

Uncollected BOD5 load (domestic wastewater)
23
22
22
23
22
22
22
22
21
20
19
19
19
19

COD load (industrial wastewater)
852
753
740
789
828
815
783
770
772
779
765
733
717
723

Table 9.3_3. N input from wastewater in 1990-2003 (1000 t).

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

N input from collected municipal wastewater
15.37
14.65
14.43
14.34
14.59
14.57
14.38
14.00
12.75
12.20
12.21
12.38
11.63
12.16

N input from uncollected domestic wastewater
6.14
5.72
5.80
5.54
5.44
5.76
5.68
5.84
5.72
5.53
5.36
5.33
5.22
5.15

N input from industrial wastewater
5.67
5.46
5.03
4.56
4.52
4.33
3.78
3.84
4.13
3.96
4.00
3.83
3.49
3.59

N input from fish farming
1.70
1.78
1.64
1.41
1.19
1.21
1.18
1.06
1.01
0.95
1.02
0.96
0.72
0.65

8.3.3 Uncertainty and consistency of time series 

For the purposes of uncertainty estimation, emissions from wastewater management are divided into the following sub-groups: Industrial Wastewater (CH4 and N2O separately), Domestic and Commercial Wastewater from densely populated areas (CH4 and N2O separately), Domestic and Commercial Wastewater from sparsely populated areas (CH4 and N2O separately) and N input from Fish Farming (N2O). The uncertainty in wastewater treatment was -50 to +140% in the 2003 inventory.

Uncertainty in the emission estimates of wastewater handling arises from uncertainties in activity data and emission factors. In methane emissions from industry, activity data (COD) are based on some measurements on the input into waters and in case of the pulp and paper industry, on one measurement only. Due to the measurement data, uncertainty ((10%) is estimated lower than the default uncertainty estimate given by the IPCC. To decrease uncertainty further, more measurement data would be needed.

For the uncertainty estimate, CH4 emissions from domestic wastewaters are divided into two subcategories, i.e. densely and sparsely populated areas, because these two subcategories are calculated using different methods. For densely populated areas, activity data (BOD) are fairly accurately known (-5% to +10%) due to the accurate measurement data of both incoming and outgoing wastewater flows from waste treatment plants. For B0 the IPCC default uncertainty ((30%) is used, and uncertainty estimate for MCF is based on expert judgement (-50% to +100%). 

For sparsely populated areas, the IPCC check method is used in inventory calculations. The uncertainty in the activity data estimate ((15%) is larger than in densely populated areas, because the estimate is based on the population rather than on measured BOD. The emission factor uncertainty, however, is estimated rather low in the Check method used for sparsely populated areas (-30% to +20%) and the uncertainty distribution is negatively skewed, because the emission factor of the Check method is likely to overestimate emissions. 

Uncertainty in this sector is dominated by the uncertainty in the N2O emission factor (-90% to +380%). The methane conversion factor (MCF) is the second most important factor in terms of uncertainty. 

The Monte Carlo simulation has been used to combine the uncertainties of each calculation parameter in order to get the total uncertainty of the source category. A detailed description of the uncertainty analysis has been presented in Monni & Syri (2003) and Monni (2004). 

8.3.4 Source-specific QA/QC and verification

General (Tier 1) Quality Control (QC) procedures applied in category CRF 6.B.

· Documentation on activity data and emission factors was cross-checked with the corresponding data in the calculation model.

· A sample of input data from each source category was cross-checked for transcription errors.

·  Units and conversion factors were checked

·  Consistency of EF values of N2O and DOC values in different source categories was checked.

·  Data aggregation and transcription from lower reporting levels to higher levels were checked.

8.3.5 Source-specific recalculations including changes made in response to the review process

No recalculations have been made in Wastewater handling (CRF 6.B) since the previous inventory submission.

8.3.6 Source-specific planned improvements

No source specific improvements are under active consideration at the moment for (CRF 6.B).

8.4 Waste Incineration (CRF 6.C)

Emissions of greenhouse gases CO2, N2O and CH4 from Waste Incineration (CRF 6.C) are reported in the energy sector (CRF 1.A) in the Finnish inventory.

Annex_8.

Equations used in calculation emissions from Waste sector (CRF 6)

Solid waste disposal on land (CRF 6.A) 
The modified Equation 5.1 (IPCC 2000) is as follows:

CH4 generated in year t (Gg / year) = ∑x [A * k * SW (x) *L0 (x) * e – k (t – x)] 

for x = initial year to t, 

where

t = year of inventory

x = years for which input data should be added

A = (1 – e – k) / k ; normalization factor which corrects the summation 

k = Methane generation rate constant (1 / year)

SW (x) = amount of waste disposed at SWDS in year x (Gg / yr) 
L0 (x) = MCF (t)*DOC (x)*DOCF *F *16 / 12 (Gg CH4 / Gg waste)

L0 (x) is methane generation potential

where

MCF (t) = Methane correction factor in year t  (fraction)

DOC (x) = Degradable organic carbon (DOC) in year x (Gg C / Gg waste))

DOCF = Fraction of DOC dissimilated 

F = Fraction by volume of CH4 in landfill gas

16 / 12 = Conversion from C to CH4 

Emissions according to Equation 5.2 in GPG (2000) are calculated as follows:

CH4 emitted in year t (Gg / yr) = [CH4 generated in year t – R (t)]*(1 – OX)

where

R (t) = Recovered CH4 in inventory year t (Gg / yr)
OX = Oxidation factor (fraction)

Wastewater handling (CRF 6.B)

Equations used in calculating CH4 emissions from domestic (not including uncollected domestic wastewater) and industrial wastewater treatment are as follows:
Emissions (Gg CH4) = Organic load in wastewaters * B0 * MCF / 1000000
where

B0 = Maximum methane producing capacity (kg CH4 / kg BOD or kg COD)
MCF = Methane conversion factor (fraction)

CH4 emissions from uncollected domestic wastewater are estimated according to the Check method:

Emissions (Gg CH4) = P * D* SBF * EF * FTA * 365 / 1000000
where

P = Population with uncollected wastewaters (septic tanks)

D = Organic load kg BOD /person /day, default = 0.06 kg BOD /person /day

SBF = Fraction of  BOD that readily settles, default = 0.5

EF = Emission factor (kg CH4 / kg BOD), default = 0.6

FTA = Fraction of  BOD in sludge that degrades anaerobically, default = 0.8

9. OTHER (CRF 7)

9.1 Overview of sector

The sector includes CO2 emissions from feedstock and non-energy use of fuels and contributed 1% of total greenhouse gas emissions in Finland in 2003.  CO2 emission from non-energy use of fuels has been identified with IPCC Tier 2 method as key kategory by level in 2003 with and without LULUCF.
9.2 Feedstock and Non-energy Use of Fuels (CRF 7)

9.2.1 Source category description

This source covers the CO2 emissions from non-energy use of oil products and natural gas. At the moment there is not enough data available to identify the processes and actual source categories.
9.2.2 Methodological issues

The calculation method is the IPCC default method. The emissions are estimated at Statistics Finland based on activity data from the energy statistics and IPCC default emission factors. The emissions are calculated assuming that all non-stored carbon is combusted. This assumption may require more studies.
9.2.3 Uncertainty and time series’ consistency

The uncertainty in non-energy use of fuels was estimates at around 50% in 2002 based on expert knowledge on activity data and emission factor uncertainties.
9.2.4 Source -specific QA/QC and verification

Normal statistical quality checking related to assessment of magnitude and trends have been carried out.

9.2.5 Source-specific recalculations including changes made in response to the review process

No recalculation has been carried out since the previous submission.

9.2.6 Source -specific planned improvements

The fractions of carbon stored (and carbon released) need to be checked. There is a possibility of double counting in the present inventory. The whole category will be checked and moved to the Industrial processes in the future inventories.

10. Recalculations and improvements

10.1 Explanations and justification for recalculations, implications on emission levels and trends including time series consistency

Some recalculations have been made since the last inventory submission to take into account methodological improvements, better activity data and application of the new UNFCCC reporting guidelines on annual inventories (FCCC/SBSTA/2004/8) and GPG LULUCF (IPCC 2003). The recalculations made since the previous inventory submission are described in more detail in the sectoral chapters. Reasoning and impact of the recalculations for the years 1990-2002 can be found from CRF tables 8(a)s1-8(a)s2 and 8(b) of the relevant years.

In the Energy Sector emissions for the whole times series for fuel combustion activities in CRF categories 1.A 2 f (Other / Construction), 1.A 3 (Transport), 1.A 4 (Other Sectors) and 1.A 5 (Other) have been recalculated to improve the consistency. These categories cover all non-point sources in the Energy Sector. Improvements in methods, activity data and emission factors have in previous years been applied only in a limited way to the whole time series. This had resulted in inconsistencies which have now been corrected. As a result of the recalculations, the CO2 equivalent emissions from fuel combustion as a whole have decreased for the base year (- 0.7%) and for the year 2002 (-0.3%). The decrease is largely due to changes in the N2O emissions, which have decreased significantly for the whole time series. The changes in CO2 emissions are small, but the allocation of the emissions has changed. The methane emissions have increased somewhat, but the implications on the total CO2 equivalent emissions are small. 

Emissions from peat production areas  reported under energy sectors fugitive emissions have been recalculated, because more reliable annual area data have become available for the current submission. In addition, EF for CO2 was revised. Also double counting of CO2 emissions from areas earlier reported as areas reserved for peat production and CO2 emissions from organic soils reported under the Agriculture Sector was detected and removed from the inventory. This means that the emissions in the category 1.B  Fugitive emissions from fuels have decreased about 83% in 2002 and 86% in 1990 (approximately 3 Tg CO2 in all years 1990-2002) compared to the previous inventory submission. Recalculation of fugitive emissions from peat production has decreased the total emission level (without LULUCF) by about 3.5-4%. In addition to this, a minor recalculation and addition of two new source categories have been made  in fugitive emissions from oil and gas. Changes have been made for the whole time series. The effect of these recalculations to the overall inventory is small.
Under Industrial processes emissions from cement production have been recalculated using clinker production as the basis of estimates for the first time. All inventory years have been recalculated using the new methodology. Due to better plant-specific information, emissions from lime production have also been recalculated for the whole time series. Emissions from limestone and dolomite use, soda ash use and hydrogen production have been added to the inventory. These additions have been made for the whole time series The effect of these recalculations to the overall inventory is small.

In the Agriculture and LULUCF Sectors the biggest changes arise from the allocation of emission sources to the different reporting sectors. CO2 emissions from agricultural soils (including cultivation of organic and mineral soils and liming of agricultural soils), which have been previously reported under Agriculture sector (CRF 4 ) in CRF-summary Table IA according to categorisation of IPCC Revised 1996 Guidelines (IPCC 1997), have been reallocated to CRF categories CRF 5.B (Cropland), CRF 5.C (Grassland) and  CRF 5 (IV) (Carbon emissions from agricultural lime application) of the LULUCF sector following the new UNFCCC reporting guidelines on annual inventories (FCCC/SBSTA/2004/8) and GPG LULUCF (IPCC 2003). Reallocation of agricultural CO2 emissions to the LULUCF sector has decreased the total emissions (without LULUCF) by about 2-4%. After implementing the new GPG LULUCF, some reallocation of the reporting of certain land-use types has also been done. Carbon stock changes on abandoned agricultural areas are now reported under CRF 5.C CO2 emissions from grasslands. 
In Agriculture sector also some recalculations in source category manure management was done (8.1% and 8.5% increase in CH4 emissions in 1990 and 2002, respectively and 13% and 24% increase in N2O emissions in 1990 and 2002 respectively. Also N2O emissions from agricultural soils were recalculated, how ever the impact on previously reported emissions is very small (around 1 percent). 

General improvements made to the inventory.

Previously, Finland’s inventory submission, besides common reporting format tables (CRF), consisted of a national inventory report (NIR) and a more comprehensive additional methodology report (Greenhouse gas emissions and removals in Finland, Pipatti, 2001). The latest centralized review (16 December 2004) urges Finland to provide more precise references and summaries on the methodologies in the NIR. In the current submissions, this request has been taken into account. Finland has made an effort to include the main content of the methodology report directly in the NIR. This means that the current NIR includes more detailed and updated descriptions on the methodologies and data sources used. 

A quality management system is currently being developed as an integrated part of the national system and annual inventory process. The state of this work is described in Chapter 1.6. the latest centralized review (16 December 2004) recommends Finland to focus on the Further improvement of QA/QC procedures. 

Finland has established the national system required in the Kyoto Protocol (Article 5.1). The National Greenhouse Gas Inventory System in Finland has started on a permanent basis in the beginning of 2005. The system and the connected agreements have been prepared in co-operation with the relevant organisations. During the preparation project, Statistics Finland has improved its competence and the resources needed for implementing the system. The English description of the system can be found on the web pages of Statistics Finland (www.stat.fi/greenhousegases).
10.2 Implications for emission levels

See chapter 10.1.

10.3 Implications for emission trends, including time series consistency

See chapter 10.1.

10.4 Recalculations, including in response to the review process, and planned improvements to the inventory

Statistics Finland co-ordinates the development of the inventory’s different sectors. Each calculating organisation bears the primary responsibility for the development of its own sector. The advisory board of the inventory handles horizontal development projects and the resources needed for development.

The development of the greenhouse gas inventory aims to improve the calculation and reporting of the inventory so that the inventory fulfils the quality objectives set for it and produces reliable estimates for the total emissions of greenhouse gases in different emission categories. 

Statistics Finland collects the different horizontal development needs and those detected in different calculation sectors, and the planned or proposed improvement measures, to compile a yearly inventory improvement plan. The inventory improvement plan is discussed in the advisory board set up by Statistics Finland before starting the next calculation round. 

The organisation responsible for each sector is mainly in charge of the resources for the internal development projects of that calculation sector. Horizontal projects or those beyond the resources of the calculation organisations are prepared and followed in the advisory board.

Table 10.4_1 summarises the sectoral improvement needs for the forthcoming inventories recognised by the Finnish experts responsible for the calculations and brought out in review processes. More detailed infromation about planned improvements can be found under sectoral chapters.

Table 10.4_1. Sector-specific improvement needs of the Finland’s national greenhouse gas inventory.
CRF category
Planned improvement
Tentative time schedule



CRF 1.A (Energy - fuel combustion)
Development of time series database

12/2005 

CRF 1.A (Energy - fuel combustion)
Update of point sources activity data time series
12/2005

CRF 1.A (Energy - fuel combustion)
Update of point sources emission factors
Preliminary study conducted by 12/2004,

final results 12/2005

CRF 1.A (Energy - fuel combustion)
Update of point sources classifications (NACE, CRF)
2006 Submission

CRF 1.A (Energy - fuel combustion)
As response for the review process emissions from iron and steel production will be split to energy and process emissions in the future inventories. The calculation method may have to be revised to allow this split. 
latest for the 2006 Submission

CRF 1B (Fugitive emissions from fuels)
Further revision of CO2 and CH4 emission factors used in calculating emissions from peat extraction based on additional measurements. Further revision of activity  data (more detailed division of peat production areas for different vegetation zones)
2006 submission

CRF 2 (Industrial processes)
CRF 2.F (F-gases). As response to the review process potential ways of verifying the level of F-gases emissions will be looked at.
2006 Submission

CRF 4 (Agriculture)
CRF 4.A (Enteric fermentation) some of the values based currently on expert judgement and may need fine-tuning and improvement (e.g. animal weight, daily weight gain and mature weight)


2006 submission to the UNFCCC

CRF 4 (Agriculture)
CRF 4.A (Enteric fermentation) Possible change in methodology for calculating methane emissions from enteric fermentation of cattle so that it would base on the feed consumption of cattle instead of estimating this indirectly from the data on animal weight, daily weight gain etc.
Not specified, not the first priority

CRF 4 (Agriculture)
CRF 4.A (Enteric fermentation). As the response for the review process the improvement of emission factor for CH4 emissions from enteric fermentation of reindeer
2006 submission to the UNFCCC if data available

CRF 4 (Agriculture)
CRF 4.B (Manure management) and CRF 4.D (Agricultural soils). As the response for the review process nitrogen excreted annually per animal should be updated on a basis of national measurement data or recalculated with different model
Updated in 2005 UNFCCC submission, updated when new data available

CRF 4 (Agriculture)
CRF 4.B (Manure management) and CRF 4.D (Agricultural soils)

The distribution of different manure management systems should be updated regularly. Little information about the distribution of different manure management systems exists in Finland. Data collecting methodology related to this issue should be improved.
2006 submission to the UNFCCC

CRF 4 (Agriculture)
CRF 4.D (Agricultural soils)

All important crop species should be included for calculating N2O emissions from crop residues. IPCC default values for Cropi, Resi/Cropi , FracDmi and FracNCRi  should be replaced with national data if possible
Some improvements is made in 2005 UNFCCC submission, more in 2006 submission to the UNFCCC

CRF 4 (Agriculture)


CRF 4D. (Agricultural soils). As the response for the review process values for FracGASF, FracGASM and FracLEACH should be updated and documented better.
Improvements are made in 2005 submission to the UNFCCC, more data in 2006 UNFCCC submission

CRF 5 (LULUCF)
The availability of the area estimates of grassland category before 1995.
2006 submission

CRF 5 (LULUCF)
Inclusion of N2O emissions from disturbance associated to land use conversion to cropland (CRF 5 (III))
2006 submission  to UNFCCC 

CRF 5 (LULUCF)
Inclusion of N2O emissions from drainage of soils (CRF 5 (II))
Possible 2006 submission to the UNFCCC

CRF 5 (LULUCF)
Inclusion of estimates from C stock change in soil and dead organic matter pools on forest land (CRF 5.A)
2006 submission 

CRF 6 (Waste)
CRF 6.A (Solid waste disposal on land) The activity data before 1990 for waste as well as the waste composition data for MSW may be reviewed if better information is available
When better information is available 

CRF 7 (Other)
The fractions of carbon stored (and carbon released) need to be checked. There is a possibility of double counting in the present inventory. The whole category will be checked and moved to the Industrial Processes (CRF 2)
2006 Submission 
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ANNEX 1 

Additional information on uncertainty reporting. 

Table A. Tier 2 uncertainty reporting according to Table 6.2 in IPCC (2000).
TABLE 6.2
TIER 2 UNCERTAINTY REPORTING
 
 
 
 
 
 

A
B
C
D
E
F
G
H
I
J

GREENHOUSE GAS SOURCE AND SINK CATEGORIES
Gas
Base year emissions, 1990
Year t emissions, 2003
Uncertainty in year t emissions as % of emissions in the category
uncertainty introduced on national total in year t *
% change in emissions between year t and base year***
range of likely % change between year t and base year

 
 
Gg CO2 equivalent
Gg CO2 equivalent
% below (2.5 percentile)
% above (97.5 percentile)
%
%
Lower % (2.5 percentile)
Upper % (97.5 percentile)

1.A. Fuel Combustion








 

Liquid fuels
CO2
27232
27640
3
3
0.697
1
-1
4

Solid fuels
CO2
15722
22753
3
3
0.692
45
42
48

Gaseous fuels
CO2
5073
9350
1
1
0.118
84
82
87

Other fuels
CO2
5656
10676
6
7
0.628
89
78
100

1.A 1 Energy Industries
 







 

Liquid fuels
CH4
6
7
75
12
0.004
18
-14
57

 
N2O
26
30
75
12
0.020
15
-14
54

Solid fuels
CH4
9
16
75
12
0.011
91
47
150

 
N2O
85
162
50
50
0.072
91
68
117

Gaseous fuels
CH4
4
9
76
11
0.006
140
83
227

 
N2O
18
51
51
50
0.023
188
151
227

Biomass
CH4
2
31
52
57
0.015
1370
972
1914

 
N2O
10
80
71
154
0.109
729
469
1103

Other fuels
CH4
5
7
50
50
0.003
37
19
58

 
N2O
141
226
70
148
0.297
60
27
101

1.A 2. Manufacturing Industries and Construction








 

Liquid fuels
CH4
9
7
75
12
0.005
-19
-41
7

 
N2O
39
41
75
12
0.027
4
-21
34

Solid fuels
CH4
4
2
74
12
0.002
-44
-56
-24

 
N2O
108
90
50
50
0.040
-17
-28
-5

Gaseous fuels
CH4
5
6
75
11
0.004
35
-1
80

 
N2O
17
19
50
50
0.009
13
-1
28

Biomass
CH4
20
19
51
53
0.009
-7
-27
19

 
CH4
111
81
70
151
0.108
-28
-47
-1

Other fuels
CH4
4
3
50
50
0.001
-29
-39
-18

 
N2O
56
29
70
150
0.038
-49
-60
-35

1.A 3. Transport








 

a.  Civil Aviation
CH4
0.4
0.3
57
100
0.000
-12
-25
3

 
N2O
4
4
70
148
0.005
-1
-18
20

b.  Road Transportation
 







 

Gasoline
CH4
78
40
50
50
0.018
-49
-54
-43

Cars with Catalytic Converters
N2O
32
410
94
392
1.425
1176
729
1819

Cars without Catalytic Converters
N2O
59
22
86
259
0.051
-63
-73
-47

Diesel
CH4
12
6
50
50
0.003
-51
-56
-45

 
N2O
68
84
99
157
0.117
23
-36
116

Natural gas
CH4
 
2
49
50
0.001
**
**
**

 
N2O

0.004
70
149
0.000
**
**
**

c.  Railways
CH4
0.2
0.2
60
110
0.000
-30
-41
-17

 
N2O
2
1
70
149
0.001
-30
-43
-14

d.  Navigation
 







 

Residual Oil & Gas/Diesel Oil
CH4
1
1
57
99
0.000
2
-16
25

 
N2O
2
3
70
149
0.004
36
6
76

Gasoline
CH4
7
4
59
104
0.004
-42
-58
-20

 
N2O
0.4
1
71
154
0.001
56
7
127

e.  Other Transportation 
 







 

Liquid fuels
CH4
5
6
54
63
0.003
15
-27
82

Gasoline
N2O
1
1
72
156
0.001
9
-33
75

Diesel
N2O
4
4
72
158
0.006
-5
-42
56

1.A 4. Other Sectors








 

Liquid fuels
CH4
19
15
74
13
0.010
-19
-37
1

 
N2O
56
47
76
13
0.032
-15
-36
10

Solid fuels
CH4
2
1
76
20
0.000
-72
-79
-64

 
N2O
0.5
0.3
51
52
0.000
-27
-39
-13

Gaseous fuels
CH4
0.1
0.3
75
15
0.000
132
83
194

 
N2O
1
1
50
50
0.001
124
96
156

Biomass
CH4
282
307
71
151
0.412
9
-19
47

 
N2O
56
61
71
150
0.081
9
-19
47

Other fuels
CH4
1
1
53
60
0.001
1
-31
46

 
N2O
1
2
71
155
0.002
13
-26
70

1.A 5. Other








 

Liquid fuels
CH4
2
2
75
17
0.002
43
12
89

 
N2O
6
9
75
17
0.006
45
12
88

Gaseous fuels
CH4
0.3
0.4
75
23
0.000
64
23
118

 
N2O
1
2
51
52
0.001
64
33
101

1.B. Fugitive Emissions from Fuels
 
 
 
 
 
 
 
 
 

1.B 1 Solid Fuels
 







 

Peat production areas
CO2
503
547
80
212
1.028
9
-23
56

 
CH4
5
6
80
208
0.010
6
-26
52

1.B 2. Oil and Natural Gas








 

Flaring
CO2
123
63
50
50
0.028
-49
-78
37

Oil refining
CH4
8
10
90
90
0.008
27
-14
80

Gas transmission
CH4
4
12
3
3
0.000
236
124
570

Gas distribution
CH4
0
40
5
5
0.002
**
**
**

2. Industrial Processes








 

2.A 1 Cement Production
CO2
786
500
5
5
0.024
-36
-38
-35

2.A 2 Lime Production
CO2
383
513
4
4
0.016
34
30
38

2.A 3  Limestone and Dolomite Use
CO2
99
148
10
10
0.013
50
37
64

2.A 4  Soda Ash Use
CO2
18
20
5
7
0.001
10
0
20

2.B 2 Nitric Acid Production 
N2O
1595
1396
57
100
1.245
-13
-19
-5

2.B 5 Other: Ethylene
CH4
4
5
20
21
0.001
32
23
42

2.B 5 Other: Hydrogen Production
CO2
60
147
10
13
0.017
145
110
185

2.C Iron and Steel production
CH4
5
9
20
20
0.002
85
77
93

2.F 1.  Refrigeration and Air Conditioning Equipment 
HFCs, PFCs
0.01
578
11
26
0.135
4584122
4064377
5790356

2.F 2  Foam Blowing
HFCs
 
25
24
24
0.005
**
**
**

2.F 4  Aerosols
HFCs
 
63
10
10
0.006
**
**
**

2.F 7  Electrical Equipment
SF6
87
22
88
88
0.017
-75
-97
-34

2.F Other (grouped data)
HFCs, PFCs, SF6
8
21
38
38
0.007
164
42
456

3. Solvent and Other Product Use
N2O
62
40
34
38
0.014
-36
-59
0

4. Agriculture








 

4.A. Enteric fermentation
CH4
1868
1537
20
31
0.417
-18
-21
-14

4.B. Manure management
CH4
215
222
16
16
0.032
3
-1
8

4.B. Manure management
N2O
623
461
83
27
0.340
-26
-41
-9

4.D. Agricultural soils: direct emissions, animal production and sludge spreading
N2O
3486
2608
76
227
5.264
-25
-44
3

4.D. Agricultural soils: indirect emissions
N2O
735
592
81
334
1.755
-19
-39
6

5. LULUCF
 
 
 
 
 
 
 
 
 

5.A 1. Forest Land remaining Forest Land
 







 

carbon stock change in living biomass
CO2
-23798
-21354
35
35
6.657
-10
-30
15

5.B 1. Cropland Remaining Cropland
 







 

net carbon stock change in soils: mineral
CO2
-535
-1113
99
101
0.996
108
-134
501

net carbon stock change in soils: organic
CO2
1813
1324
89
95
1.122
-27
-59
27

5.C 1. Grassland Remaining Grassland
 







 

net carbon stock change in soils: mineral
CO2
-1181
2907
99
100
2.568
-346
-2569
721

net carbon stock change in soils: organic
CO2
109
67
90
103
0.061
-39
-68
12

5 (I) Direct N2O Emissions from N Fertilization 
N2O
27
11
94
386
0.039
-58
-76
-26

5 (IV) Carbon Emissions from Agricultural Lime Application
CO2
618
277
25
22
0.062
-55
-67
-40

5 (V) Biomass Burning
 







 

Forest Land
CO2
180
91
71
71
0.057
-50
-62
-34

 
CH4
16
8
70
71
0.005
-49
-62
-35

 
N2O
2
1
70
72
0.001
-50
-61
-35

6. Waste 
 







 

6.A. Solid Waste Disposal on Land
CH4
3678
2497
43
43
0.956
-32
-46
-16

6.B 1 Industrial Wastewater
CH4
22
19
61
109
0.018
-15
-32
7

6.B 2 Domestic and Commercial Wastewater








 

sparsely populated areas
CH4
118
95
34
27
0.029
-20
-36
0

densely populated areas
CH4
12
13
60
109
0.013
9
-8
28

sparsely populated areas
N2O
21
18
94
378
0.062
-13
-42
27

densely populated areas
N2O
84
66
94
378
0.222
-21
-46
13

6.B 3. N input from Fish Farming
N2O
8
3
94
391
0.011
-62
-74
-44

6.B 3. N input from industrial wastewater
N2O
28
17
94
388
0.060
-37
-56
-9

7.Other - non-energy use of fuels
CO2
640
830
50
50
0.369
30
-42
185

 
 







 

Total
 
47604
67730
14
15
 
42
25
65

*According to Eq 5.4.4 in GPG LULUCF (IPCC, 2003). Should not be interpreted as real statistical share of uncertainty.   

**Trend on not calculated when base year emissions ( 0

***Calculated as (Et-E0)/E0 where Et denotes emissions/removals in the category in latest inventory year and E0 emissions/removals in the category in base year. Trend is not necessarily illustrative for LULUCF categories.

Table B.  Tier 1 uncertainty reporting, columns A-M according to Table 6.1 in IPCC (2000).
A
B
C
D
E
F
G
H
I
J
K
L
M

IPCC Greenhouse Gas Source and Sink Categories
Direct GHG
Base Year emissions

1990

Gg CO2 eq
Current Year emissions, 2003

Gg CO2 eq
Activity data uncertainty
Emission factor uncertainty1
Combined uncertainty
Combined uc as part of total national emissions in 20032
Type A sensitivity
Type B sensitivity
Uncertainty in trend in national emissions introduced by emission factor uncertainty
Uncertainty in trend in national emissions introduced by activity data uncertainty
Uncertainty introduced into the trend in total national emissions

1.A. Fuel Combustion
 












Liquid Fuels
CO2
27,232
27,640
2%
2%
3%
1.15%
-0.2320
0.5806
-0.46%
1.64%
1.71%

Solid fuels
CO2
15,722
22,753
2%
3%
3%
1.14%
0.0080
0.4780
0.02%
1.08%
1.08%

Gaseous fuels
CO2
5,073
9,350
1%
1%
1%
0.20%
0.0447
0.1964
0.04%
0.28%
0.28%

Other fuels
CO2
5,656
10,676
4%
5%
7%
1.04%
0.0552
0.2243
0.28%
1.36%
1.39%

1.A 1 Energy Industries
 












Liquid fuels
CH4
6
7
2%
75%
75%
0.01%
0.0000
0.0001
0.00%
0.00%
0.00%

 
N2O
26
30
2%
75%
75%
0.03%
-0.0001
0.0006
-0.01%
0.00%
0.01%

Solid fuels
CH4
9
16
2%
75%
75%
0.02%
0.0001
0.0003
0.01%
0.00%
0.01%

 
N2O
85
162
2%
50%
50%
0.12%
0.0009
0.0034
0.04%
0.01%
0.04%

Gaseous fuels
CH4
4
9
1%
75%
75%
0.01%
0.0001
0.0002
0.01%
0.00%
0.01%

 
N2O
18
51
1%
50%
50%
0.04%
0.0005
0.0011
0.03%
0.00%
0.03%

Biomass
CH4
2
31
20%
50%
54%
0.02%
0.0006
0.0006
0.03%
0.02%
0.03%

 
N2O
10
80
20%
150%
151%
0.18%
0.0014
0.0017
0.21%
0.05%
0.21%

Other fuels
CH4
5
7
5%
50%
50%
0.01%
0.0000
0.0002
0.00%
0.00%
0.00%

 
N2O
141
226
5%
150%
150%
0.50%
0.0005
0.0047
0.08%
0.03%
0.08%

1.A 2. Manufacturing Industries and Construction
 












Liquid fuels
CH4
9
7
2%
75%
75%
0.01%
-0.0001
0.0001
-0.01%
0.00%
0.01%

 
N2O
39
41
2%
75%
75%
0.05%
-0.0003
0.0009
-0.02%
0.00%
0.02%

Solid fuels
CH4
4
2
2%
75%
75%
0.00%
-0.0001
0.0001
-0.01%
0.00%
0.01%

 
N2O
108
90
2%
50%
50%
0.07%
-0.0013
0.0019
-0.07%
0.01%
0.07%

Gaseous fuels
CH4
5
6
1%
75%
75%
0.01%
0.0000
0.0001
0.00%
0.00%
0.00%

 
N2O
17
19
1%
50%
50%
0.01%
-0.0001
0.0004
-0.01%
0.00%
0.01%

Biomass
CH4
20
19
15%
50%
52%
0.01%
-0.0002
0.0004
-0.01%
0.01%
0.01%

 
N2O
111
81
15%
150%
151%
0.18%
-0.0016
0.0017
-0.24%
0.04%
0.25%

Other fuels
CH4
4
3
5%
50%
50%
0.00%
-0.0001
0.0001
0.00%
0.00%
0.00%

 
N2O
56
29
5%
150%
150%
0.06%
-0.0011
0.0006
-0.16%
0.00%
0.16%

1.A 3. Transport
 












a.  Civil Aviation
CH4
0.4
0.3
5%
100%
100%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

 
N2O
4
4
5%
150%
150%
0.01%
0.0000
0.0001
-0.01%
0.00%
0.01%

b.  Road Transportation
 












Gasoline
CH4
78
40
1%
50%
50%
0.03%
-0.0015
0.0008
-0.07%
0.00%
0.07%

Cars with Catalytic Converters
N2O
32
410
1%
378%
378%
2.29%
0.0076
0.0086
2.89%
0.01%
2.89%

Cars without Catalytic Converters
N2O
59
22
1%
259%
259%
0.08%
-0.0013
0.0005
-0.34%
0.00%
0.34%

Diesel
CH4
12
6
1%
50%
50%
0.00%
-0.0002
0.0001
-0.01%
0.00%
0.01%

 
N2O
68
84
1%
158%
158%
0.20%
-0.0003
0.0018
-0.04%
0.00%
0.04%

Natural gas
CH4
0.0
2
1%
50%
50%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

 
N2O
0.0
0.0
1%
150%
150%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

c.  Railways
CH4
0.2
0.158
5%
110%
110%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

 
N2O
2
1
5%
150%
150%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

d.  Navigation
 












Residual Oil & Gas/Diesel Oil
CH4
0.5
1
10%
100%
100%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

 
N2O
2
3
10%
150%
150%
0.01%
0.0000
0.0001
0.00%
0.00%
0.00%

Gasoline
CH4
7
4
20%
100%
102%
0.01%
-0.0001
0.0001
-0.01%
0.00%
0.01%

 
N2O
0.4
0.6
20%
150%
151%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

e.  Other Transportation 
 












Gasoline&Diesel
CH4
5
6
30%
50%
58%
0.01%
0.0000
0.0001
0.00%
0.01%
0.01%

Gasoline
N2O
1
1
30%
150%
153%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

Diesel
N2O
4
4
30%
150%
153%
0.01%
0.0000
0.0001
-0.01%
0.00%
0.01%

1.A 4. Other Sectors
 












Liquid fuels
CH4
19
15
3%
75%
75%
0.02%
-0.0002
0.0003
-0.02%
0.00%
0.02%

 
N2O
56
47
3%
75%
75%
0.05%
-0.0007
0.0010
-0.05%
0.00%
0.05%

Solid fuels
CH4
2
1
10%
75%
76%
0.00%
-0.0001
0.0000
0.00%
0.00%
0.00%

 
N2O
0.5
0.3
10%
50%
51%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

Gaseous fuels
CH4
0.1
0.3
5%
75%
75%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

 
N2O
1
1
5%
50%
50%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

Biomass
CH4
282
307
15%
150%
151%
0.68%
-0.0020
0.0064
-0.30%
0.14%
0.33%

 
N2O
56
61
15%
150%
151%
0.13%
-0.0004
0.0013
-0.06%
0.03%
0.06%

Other fuels
CH4
1
1
25%
50%
56%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

 
N2O
1
2
25%
150%
152%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

1.A 5. Other 
 












Liquid fuels
CH4
2
2
7%
75%
75%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

 
N2O
6
9
7%
75%
75%
0.01%
0.0000
0.0002
0.00%
0.00%
0.00%

Gaseous fuels
CH4
0.3
0.4
13%
75%
76%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

 
N2O
1
2
13%
50%
52%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

1.B. Fugitive Emissions from Fuels
 












1.B 1 Solid Fuels
 












peat production areas
CO2
503
547
15%
208%
208%
1.68%
-0.0036
0.0115
-0.74%
-0.08%
0.74%

 
CH4
5
6
15%
208%
208%
0.02%
0.0000
0.0001
-0.01%
0.00%
0.01%

1.B 2. Oil and Natural Gas
 












Flaring
CO2
123
63
50%
0%
50%
0.05%
-0.0024
0.0013
0.00%
0.09%
0.09%

Oil refining
CH4
8
10
2%
90%
90%
0.01%
0.0000
0.0002
0.00%
0.00%
0.00%

Gas transmission
CH4
4
12
3%
0%
3%
0.00%
0.0001
0.0003
0.00%
0.00%
0.00%

Gas distribution
CH4
0
40
5%
0%
5%
0.00%
0.0008
0.0008
0.00%
0.01%
0.01%

2. Industrial Processes
 












2.A 1 Cement Production
CO2
786
500
2%
5%
5%
0.04%
-0.0130
0.0105
-0.06%
0.03%
0.07%

2.A 2 Lime Production
CO2
383
513
2%
3%
4%
0.03%
-0.0007
0.0108
0.00%
0.03%
0.03%

2.A 3  Limestone and Dolomite Use
CO2
99
148
7%
9%
11%
0.02%
0.0002
0.0031
0.00%
0.03%
0.03%

2.A 4  Soda Ash Use
CO2
18
20
7%
2%
7%
0.00%
-0.0001
0.0004
0.00%
0.00%
0.00%

2.B 2 Nitric Acid Production 
N2O
1,595
1,396
5%
100%
100%
2.06%
-0.0184
0.0293
-1.84%
0.21%
1.85%

2.B 5 Other: Ethylene
CH4
4
5
5%
20%
21%
0.00%
0.0000
0.0001
0.00%
0.00%
0.00%

2.B 5 Other: Hydrogen Production
CO2
60
147
12%
5%
13%
0.03%
0.0013
0.0031
0.01%
0.05%
0.05%

2.C Iron and Steel production
CH4
5
9
3%
20%
20%
0.00%
0.0000
0.0002
0.00%
0.00%
0.00%

2.F 1.  Refrigeration and Air Conditioning Equipment 
HFCs
0
578
26%
0%
26%
0.22%
0.0121
0.0121
0.00%
0.45%
0.45%

2.F 2  Foam Blowing
HFCs
0
25
24%
0%
24%
0.01%
0.0005
0.0005
0.00%
0.02%
0.02%

2.F 4  Aerosols
HFCs
0
63
10%
0%
10%
0.01%
0.0013
0.0013
0.00%
0.02%
0.02%

2.F 7  Electrical Equipment
SF6
87
22
88%
0%
88%
0.03%
-0.0021
0.0005
0.00%
0.06%
0.06%

2.F Other (grouped data)
HFCs PFCs SF6
8
21
38%
0%
38%
0.01%
0.0002
0.0004
0.00%
0.02%
0.02%

3. Total Solvent and Other Product Use
N2O
62
40
30%
20%
36%
0.02%
-0.0010
0.0008
-0.02%
0.04%
0.04%

4. Agriculture
 












4.A.Enteric fermentation
CH4
1,868
1,537
0%
31%
31%
0.69%
-0.0235
0.0323
-0.72%
0.00%
0.72%

4.B.Manure management
CH4
215
222
0%
16%
16%
0.05%
-0.0018
0.0047
-0.03%
0.00%
0.03%

4.B.Manure management
N2O
623
461
0%
83%
83%
0.57%
-0.0089
0.0097
-0.74%
0.00%
0.74%

4.D.Agricultural soils: direct emissions, animal production and sludge spreading
N2O
3,486
2,608
0%
227%
227%
8.76%
-0.0494
0.0548
-11.23%
0.00%
11.23%

4.D.Agricultural soils: indirect emissions
N2O
735
592
0%
334%
334%
2.92%
-0.0095
0.0124
-3.18%
0.00%
3.18%

5. LULUCF
 












5.A 1. Forest Land remaining Forest Land
 












carbon stock change in living biomass
CO2
-23,798
-21,354
0%
35%
35%
-11.03%
0.2640
-0.4486
9.24%
0.00%
9.24%

5.B 1. Cropland Remaining Cropland
 












net carbon stock change in soils: mineral
CO2
-535
-1,113
0%
100%
100%
-1.64%
-0.0074
-0.0234
-0.74%
0.00%
0.74%

net carbon stock change in soils: organic
CO2
1,813
1,324
20%
90%
92%
1.80%
-0.0264
0.0278
-2.37%
0.79%
2.50%

5.C 1. Grassland Remaining Grassland
 












net carbon stock change in soils: mineral
CO2
-1,181
2,907
0%
100%
100%
4.29%
0.0964
0.0611
9.64%
0.00%
9.64%

net carbon stock change in soils: organic
CO2
109
67
30%
90%
95%
0.09%
-0.0019
0.0014
-0.17%
0.06%
0.18%

5 (I) Direct N2O Emissions from N Fertilization 
N2O
27
11
10%
380%
380%
0.06%
-0.0006
0.0002
-0.22%
0.00%
0.22%

5 (IV) Carbon Emissions from Agricultural Lime Application
CO2
618
277
20%
20%
28%
0.12%
-0.0127
0.0058
-0.25%
0.16%
0.30%

5 (V) Biomass Burning
 












Forest Land
CO2
180
91
10%
70%
71%
0.09%
-0.0035
0.0019
-0.24%
0.03%
0.24%

 
CH4
16
8
10%
70%
71%
0.01%
-0.0003
0.0002
-0.02%
0.00%
0.02%

 
N2O
2
1
10%
70%
71%
0.00%
0.0000
0.0000
0.00%
0.00%
0.00%

6. Waste 
 












6.A. Solid Waste disposal on Land
CH4
3,678
2,497
0%
43%
43%
1.59%
-0.0574
0.0525
-2.47%
0.00%
2.47%

6.B 1 Industrial Wastewater
CH4
22
19
10%
104%
105%
0.03%
-0.0003
0.0004
-0.03%
0.01%
0.03%

6.B 2 Domestic and Commercial Wastewater
 












sparcely populated areas
CH4
118
95
15%
32%
35%
0.05%
-0.0015
0.0020
-0.05%
0.04%
0.07%

densely populated areas
CH4
12
13
5%
104%
105%
0.02%
-0.0001
0.0003
-0.01%
0.00%
0.01%

sparcely populated areas
N2O
21
18
10%
380%
380%
0.10%
-0.0002
0.0004
-0.09%
0.01%
0.09%

densely populated areas
N2O
84
66
5%
380%
380%
0.37%
-0.0011
0.0014
-0.43%
0.01%
0.43%

6.B 3. N input from Fish Farming
N2O
8
3
10%
380%
380%
0.02%
-0.0002
0.0001
-0.07%
0.00%
0.07%

6.B 3. N input from inustrial wastewater
N2O
28
17
5%
380%
380%
0.10%
-0.0005
0.0004
-0.17%
0.00%
0.17%

7.Other - non-energy use of fuels
CO2
640
830
50%
5%
50%
0.62%
-0.0017
0.0174
-0.01%
1.23%
1.23%

 
 












Total
 
47,604
67,730



15.9%




18.7%

1When uncertainties are calculated by using a more complex model and uncertainties are estimated strongly correlated across years, uncertainty of emissions/removals is entered to Column F, and value in Column E is zero. 

2Calculated according to IPCC (2000). The figure does not reflect statistical share of uncertainty (e.g. for sink categories, number is negative).

Table C. Tier 1 uncertainty reporting, columns A-B and N-Q according to Table 6.1 in IPCC (2000). 
A
B
N
O
P
Q

IPCC Greenhouse Gas Source and Sink Categories
Direct GHG
Emission factor quality indicator
Activity data quality indicator
Expert judgement reference numbers1
Footnote Reference numbers1

1.A. Fuel Combustion
 
 
 
 
 

Liquid Fuels
CO2
R
R
E1


Solid fuels
CO2
R
R
E1


Gaseous fuels
CO2
R
R
E1


Other fuels
CO2
M
R
E1
M4

1.A 1 Energy Industries






Liquid fuels
CH4
R/M
R
E1
M2

 
N2O
R/M
R
E1
M2

Solid fuels
CH4
R/M
R
E1
M2

 
N2O
R
R
E1


Gaseous fuels
CH4
R/M
R
E1
M2

 
N2O
R
R
E1


Biomass
CH4
R
R
E1


 
N2O
R
R
E1


Other fuels
CH4
R
R
E1


 
N2O
R
R
E1


1.A 2. Manufacturing Industries and Construction 

Liquid fuels
CH4
R/M
R
E1
M2

 
N2O
R/M
R
E1
M2

Solid fuels
CH4
R/M
R
E1
M2

 
N2O
R
R
E1


Gaseous fuels
CH4
R
R
E1


 
N2O
R
R
E1


Biomass
CH4
R
R
E1


 
N2O
R
R
E1


Other fuels
CH4
R
R
E1


 
N2O
R
R
E1


1.A 3. Transport






a.  Civil Aviation
CH4
D
R

L4

 
N2O
R
R



b.  Road Transportation






Gasoline
CH4
M
R

L5

Cars with Catalytic Converters
N2O
M
R

L6,L7,L8,L9,L10,L19,

L20,L21,L22,L23

Cars without Catalytic Converters
N2O
M
R

L6, L9, L10, L19, L21

Diesel
CH4
M
R

L5

 
N2O
M
R

L6, L8, L11, L21

Natural gas
CH4
M
R

L5

 
N2O
R
R



c.  Railways
CH4
M
R

M3

 
N2O
R
R



d.  Navigation






Residual Oil & Gas/Diesel Oil
CH4
D
R

L4

 
N2O
R
R



Gasoline
CH4
R
R



 
N2O
R
R



e.  Other Transportation 






Gasoline&Diesel
CH4
R
R



Gasoline
N2O
R
R



Diesel
N2O
R
R



1.A.4. Other Sectors






Liquid fuels
CH4
R/M
R
E1
M2

 
N2O
R/M
R
E1
M2

Solid fuels
CH4
R/M
R
E1
M2

 
N2O
R
R
E1


Gaseous fuels
CH4
R/M
R
E1
M2

 
N2O
R
R
E1


Biomass
CH4
R
R
E1


 
N2O
R
R
E1


Other fuels
CH4
R
R
E1


 
N2O
R
R
E1


1.A.5. Other 






Liquid fuels
CH4
R/M
R
E1
M2

 
N2O
R/M
R
E1
M2

Gaseous fuels
CH4
R/M
R
E1
M2

 
N2O
R
R
E1


1.B. Fugitive Emissions from Fuels






1.B.1 Solid Fuels






peat production areas
CO2
R
R
E6
L3

 
CH4
R
R
E6
L3

1.B 2. Oil and Natural Gas






Flaring
CO2
R
R
E9


Oil refining
CH4
R
R
E9


Gas transmission
CH4
R
R
E9


Gas distribution
CH4
R
R
E9


2. Industrial Processes






2.A 1 Cement Production
CO2
R
R
E9


2.A 2 Lime Production
CO2
R
R
E9


2.A 3  Limestone and Dolomite Use
CO2
R
R
E9


2.A 4  Soda Ash Use
CO2
R
R
E9


2.B 2 Nitric Acid Production 
N2O
R/M
R

M1

2.B 5 Other: Ethylene
CH4





2.B 5 Other: Hydrogen Production
CO2
R
R
E9


2.C Iron and Steel production
CH4
R
R
E1


2.F 1.  Refrigeration and Air Conditioning 
HFCs
R
R
E8


2.F 2  Foam Blowing
HFCs
R
R
E8


2.F 4  Aerosols
HFCs
R
R
E8


2.F 7  Electrical Equipment
SF6
R
R
E8


2.F Other (grouped data)
HFCs, PFCs, SF6
R
R
E8


3. Total Solvent and Other Product Use
N2O
R
R
E1


4. Agriculture






4.A.Enteric fermentation
CH4
D/R
R

L4, L13

4.B.Manure management
CH4
R
R



4.B.Manure management
N2O
R
R

L12, L14, L15, L16, L17, L4

4.D.Agricultural soils: direct emissions, animal production and sludge spreading
N2O
R/M
R

L1

4.D.Agricultural soils: indirect emissions
N2O
R/M
R

L1

5. LULUCF






5.A 1. Forest Land remaining Forest Land






carbon stock change in living biomass
CO2





5.B 1. Cropland Remaining Cropland






net carbon stock change in soils: mineral
CO2
R

E7


net carbon stock change in soils: organic
CO2
D
R
E4
L24

5.C 1. Grassland Remaining Grassland






net carbon stock change in soils: mineral
CO2
R

E7


net carbon stock change in soils: organic
CO2
D
R
E4
L24

5 (I) Direct N2O Emissions from N Fertilization 
N2O
R/M
R

L1

5 (III) N2O Emissions from Disturbance Associated with Land-use Conversion
N2O





5 (IV) Carbon Emissions from Agricultural Lime Application
CO2
R
R
E5


5 (V) Biomass Burning






Forest Land
CO2
D
R

L24

 
CH4
D
R

L24

 
N2O
D
R

L24

6. Waste 






6.A. Solid Waste disposal on Land
CH4
R/D

E2
L4

6.B 1 Industrial Wastewater
CH4
R/D
R
E2
L4

6.B 2 Domestic and Commercial Wastewater






sparcely populated areas
CH4
R
R
E3


densely populated areas
CH4
R
R
E2
L4

sparcely populated areas
N2O
R
R
E2
L2

densely populated areas
N2O
R
R
E2
L2

6.B 3. N input from Fish Farming
N2O
R
R
E2
L2

6.B 3. N input from inustrial wastewater
N2O
R
R
E2
L2

7.Other - non-energy use of fuels
CO2
R
R
E1


1See Table D

Table D. References used in uncertainty estimates (see table C).

Expert Elicitations

E1
Kari Grönfors and Mikko Äikäs (Statistics Finland), 27 August 2002

E2
Jouko Petäjä (Finnish Environment Institute), 21 November 2002

E3
Jouko Petäjä (Finnish Environment Institute), 15 January 2004

E4
Merja Myllys (Agrifood Research Finland), 3 March 2005

E5
Suvi Monni (VTT Technical Research Centre of Finland), Riitta Pipatti (Statistics Finland), 7 March 2005

E6
Suvi Monni (VTT Technical Research Centre of Finland), Tuija Lapveteläinen (Statistics Finland) and Association of Finnish Peat Industry, 7 March 2005

E7
Kristiina Regina, Paula Perälä (Agrifood Research Finland), 7 March 2005

E8
Teemu Oinonen (Finnish Environment Institute), 3 March 2005

E9
Saku Slioor (Statistics Finland), 15 Aug 2004

Measurement data

M1
Confidential measurement data from nitric acid production plants

M2
Korhonen, S., Fabritius, M and Hoffren, H. 2001. Methane and nitrous oxide emissions in the Finnish energy production. Fortum Power and Heat Oy. TECH-4615. Helsinki.

M3
Korhonen, R. and Määttänen, M. 1999. To solve the specific emissions of locomotive diesel engines, Final Report. MOBILE 237T-1. Kymenlaakso Polytechnic, Kotka. 15 pp.

M4
Vesterinen, R. 2003. Estimation of CO2 emission factors for peat combustion on the bases of analyses of peats delivered to power plants. Research Report PRO2/P6020/03. VTT Processes, Finland. 

Literature

L1
Monni, S., Perälä, P. and Regina, K. (in press) Uncertainty in agricultural CH4 and N2O emissions from Finland - possibilities to increase accuracy in emission estimates. Mitigation and Adaptation Strategies for Global Change.

L2
IPCC 1996a. Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories. Reference manual. http://www.ipcc-nggip.iges.or.jp/public/gl/invs6c.htm.

L3
Minkkinen, K. and Laine, J. 2001. Turpeen käytön kasvihuonevaikutusten lisätutkimuskartoitus. Raportti, Kauppa- ja Teollisuusministeriö, Helsinki, Finland. 56 p. (In Finnish)

L4
Penman, J., Kruger, D., Galbally, I., Hiraishi, T., Nyenzi, B., Emmanuel, S., Buendia, L., Hoppaus, R., Martinsen, T., Meijer, J., Miwa, K. and Tanabe, K. 2000. Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories. Hayama: Intergovernmental Panel on Climate Change (IPCC).

L5
Tarantola, S. and Kioutsioukis, I. 2001. The JRC-IPCS in the ARETEMIS project: summary of the second year of activity. Institute for the Protection and Security of the Citizen. Technological and Economic Risk Management. I-21020 Ispra (VA) Italy.

L6
Pringent M. and de Soete, G. 1989. Nitrous Oxide N2O in engines exhausts gases – A first appraisal of catalyst impact. – SAE Technical Paper Series 890792.

L7
Potter, D. 1990. Lustgasemission från katalysatorbilar. – Rapport OOK 90:02. Chalmers Tekniska Högskola and Göteborgs Universitet. ISSN 0283-8575.

L8
Becker, K.H., Lörzer, J.C., Kurtenbach, R. and Wiesen, P. 1999. Nitrous Oxide (N2O) Emissions from Vehicles. Pages 4134-4139 in Environmental Science and Technology. Vol 33 No. 22. American Chemical Society.

L9
Perby, H. 1990. Lustgasemission från vägtrafik. Preliminära emission faktorer och budgerberäkningar. VTI meddelande 629. Statens väg- och trafikinstitut, Linköping, Sweden. ISSN 0347-6049.

L10
Egebäck, K.E. and Bertilsson, B.M. 1983. Chemical and biological characterization of exhaust emissions from vehicles fuelled with gasoline, alcohol, LPG and diesel. SNV pm 1635.

L11
Sjöberg, K., Lindskog, A., Rosen, Å and Sundström, L. 1989. N2O-emission från motorfordon. TFB-meddelande nr 75.

L12
Finnish Grassland Society. http://www.agronet.fi/nurmiyhdistys/

L13
Nieminen, M., Maijala, V. and Soveri, T. 1998. Reindeer feeding (Poron ruokinta). Finnish Game and Fisheries Research Institute. (In Finnish).

L14
Dustan, A. 2002. Review of methane and nitrous oxide emissions factors for manure management in cold climates. JTI-rapport 299. Institutet för jordbruks- och miljöteknik. ISSn 1401-4963.

L15
Amon, B., Amon, T:, Boxberger, J. and Alt, C. 2001. Emissions of NH3, N2O and CH4 from dairy cows housed in a Farmyard manure tying stall (housing, manure storage, manure spreading). Nutrient Cycling in Agroecosystems 60:103-113.

L16
Hüther, L. 1999. Entvicklung analytischer Methoden und untersuchung von Einflussfactoren auf Ammoniak-, Methan- und Distickskstoffmonoxidemissionen aud Flüssing- und Festmist. Landbauforschung Völkenrode, Sonderheft 200.

L17
Amon, B., Boxberger, J., Amon, T., Zaussinger, A. and Pöllinger, A. 1997. Emission data of NH3, N2O and CH4 from fattening bulls, milking cows and during different ways of storing liquid manure. Proc. Int. Symp. Ammonia and Odour Control from Animal Production Facilities. 6-10 October 1997, Vinkeloors, The Netherlands.

L19
Odaka, M., Koike, N., and Suzuki, H. 2000. Influence of Catalyst Deactivation on N2O Emissions from Automobiles. In: Chemosphere – Global Change Science 2:113-423. 

L20
Jimenez, J.L., McManus, J.B., Shorter, J.H., Nelson, D.D., Zahniser, M.S., Koplow, M., McRae, G.J. and Kolb, C.E. 2000. Cross road and mobile tunable infrared laser measurements of nitrous oxide emissions from motor vehicles. Chemosphere – Global Change Science 2: 397-412. 

L21
Lipman, T. and Delucchi, M. 2002. Emissions of nitrous oxide and methane from conventional and alternative fuel motor vehicles. Climatic Change 53: 477-516.

L22
Oonk, H., Feijen-Jeurissen, M., Gense, R. and Vermeulen, R. 2003. Nitrous oxide emissions from three-way catalysts. In: van Ham, J., Baede, A.P.M., Guicherit, R. and Williams-Jacobse J.G.F.M: Non-CO2 greenhosue gases: scientific understanding, control options and policy aspects. Millpress, Rotterdam, the Netherlands.

L23
Behrentz, E. 2003. Measurements of nitrous oxide emissions from light-duty motor vehicles: analysis of important variables and implications for California’s greenhouse gas emisison inventory. Environmental Science and Engineering Program. University of California, Los Angeles, United States. 55pp.

L24
IPCC, 2003. Good Practice Guidance for Land use, land use change and forestry

Table E. Source category analysis for base year (1990) and latest inventory year (2003) according to Tier 2 method.
IPCC Source Categories
Direct GHG
Key Category in 1990
Criteria1
Key Category in 2003
Criteria1

1.A. Fuel Combustion






Liquid fuels
CO2
YES
L
YES
L, T

Solid fuels
CO2
YES
L
YES
L, T2

Gaseous fuels
CO2
NO

NO


Other fuels
CO2
YES
L
YES
L, T2

1.A 1 Energy Industries






Liquid fuels
CH4
NO

NO



N2O
NO

NO


Solid fuels
CH4
NO

NO



N2O
NO

NO


Gaseous fuels
CH4
NO

NO



N2O
NO

NO


Biomass
CH4
NO

NO



N2O
NO

NO


Other fuels
CH4
NO

NO



N2O
NO

YES
L2

1.A 2. Manufacturing Industries and Construction






Liquid fuels
CH4
NO

NO



N2O
NO

NO


Solid fuels
CH4
NO

NO



N2O
NO

NO


Gaseous fuels
CH4
NO

NO



N2O
NO

NO


Biomass
CH4
NO

NO



N2O
NO

NO


Other fuels
CH4
NO

NO



N2O
NO

NO


1.A 3. Transport






a.  Civil Aviation
CH4
NO

NO



N2O
NO

NO


b.  Road Transportation






Gasoline
CH4
NO

NO


Cars with Catalytic Converters
N2O
NO

YES
L, T

Cars without Catalytic Converters
N2O
NO

YES
T2

Diesel
CH4
NO

NO



N2O
NO

NO


Natural gas
CH4
NO

NO



N2O
NO

NO


c.  Railways
CH4
NO

NO



N2O
NO

NO


d.  Navigation






Residual Oil & Gas/Diesel Oil
CH4
NO

NO



N2O
NO

NO


Gasoline
CH4
NO

NO



N2O
NO

NO


e.  Other Transportation 






Liquid fuels
CH4
NO

NO


Gasoline
N2O
NO

NO


Diesel
N2O
NO

NO


1.A 4. Other Sectors






Liquid fuels
CH4
NO

NO



N2O
NO

NO


Solid fuels
CH4
NO

NO



N2O
NO

NO


Gaseous fuels
CH4
NO

NO



N2O
NO

NO


Biomass
CH4
YES
L
YES
L


N2O
NO

NO


Other fuels
CH4
NO

NO



N2O
NO

NO


1.A 5. Other






Liquid fuels
CH4
NO

NO



N2O
NO

NO


Gaseous fuels
CH4
NO

NO



N2O
NO

NO


1.B. Fugitive Emissions from Fuels






1.B 1 Solid Fuels






Peat production areas
CO2
YES
L
YES
L, T

Peat production areas
CH4
NO

NO


1.B 2. Oil and Natural Gas






Flaring
CO2
NO

NO


Oil refining
CH4
NO

NO


Gas transmission
CH4
NO

NO


Gas distribution
CH4
NO

NO


2. Industrial Processes






2.A 1 Cement Production
CO2
NO

NO


2.A 2 Lime Production
CO2
NO

NO


2.A 3  Limestone and Dolomite Use
CO2
NO

NO


2.A 4  Soda Ash Use
CO2
NO

NO


2.B 2 Nitric Acid Production 
N2O
YES
L
YES
L, T

2.B 5 Other: Ethylene
CH4
NO

NO


2.B 5 Other: Hydrogen Production
CO2
NO

NO


2.C Iron and Steel production
CH4
NO

NO


2.F 1.  Refrigeration and Air Conditioning Equipment 
HFCs, PFCs
NO

YES
T2

2.F 2  Foam Blowing
HFCs
NO

NO


2.F 4  Aerosols
HFCs
NO

NO


2.F 7  Electrical Equipment
SF6
NO

NO


2.F Other (grouped data)
HFCs PFCs SF6
NO

NO


3. Total Solvent and Other Product Use
N2O
NO

NO


4. Agriculture






4.A. Enteric fermentation
CH4
YES
L
YES
L, T

4.B. Manure management
CH4
NO

NO


4.B. Manure management
N2O
YES
L
YES
L2, T

4.D. Agricultural soils: direct emissions, animal production and sludge spreading
N2O
YES
L
YES
L, T

4.D. Agricultural soils: indirect emissions
N2O
YES
L
YES
L, T

5. LULUCF






5.A 1. Forest Land remaining Forest Land






carbon stock change in living biomass
CO2
YES
L1
YES
L1, T1

5.B 1. Cropland Remaining Cropland






net carbon stock change in soils: mineral
CO2
YES
L1
YES
L1, T1

net carbon stock change in soils: organic
CO2
YES
L1
YES
L1, T1

5.C 1. Grassland Remaining Grassland






net carbon stock change in soils: mineral
CO2
YES
L1
YES
L1, T1

net carbon stock change in soils: organic
CO2
NO

NO


5 (I) Direct N2O Emissions from N Fertilization 
N2O
NO

NO


5 (IV) Carbon Emissions from Agricultural Lime Application
CO2
NO

NO


5 (V) Biomass Burning






Forest Land
CO2
NO

NO



CH4
NO

NO



N2O
NO

NO


6. Waste 






6.A. Solid Waste Disposal on Land
CH4
YES
L
YES
L, T

6.B 1 Industrial Wastewater
CH4
NO

NO


6.B 2 Domestic and Commercial Wastewater






sparsely populated areas
CH4
NO

NO


densely populated areas
CH4
NO

NO


sparsely populated areas
N2O
NO

NO


densely populated areas
N2O
YES
L2
YES
T2

6.B 3. N input from Fish Farming
N2O
NO

NO


6.B 3. N input from industrial wastewater
N2O
NO

NO


7.Other - non-energy use of fuels
CO2
YES
L2
YES
L

1L=level, T=trend, 1=only with LULUCF, 2=only without LULUCF.

ANNEX 2

Assessment of completeness and (potential) sources and sinks of greenhouse gas emissions and removals excluded.

Completeness of the Finnish inventory submissions is evaluated here by sectors in tables below. The completeness is estimated by the gases (CO2, N2O CH4, F-gases) and emission sources according to the detailed CRF-classification.

Abbreviations used in tables: 

X  - included in to the inventory

NO  - Not occurring in Finland

NE - Not estimated 

IE - Included elsewhere

C - Confidential business information

*Notes, 

- if category included in for the first time, 

- if category previously reported, but dropped out of the inventory  

- if category reporting includes some national specific emission source, which is not required in IPCC guidelines

- other relevant issues
Energy, Fuel combustion (CRF 1.A)

Greenhouse gas source and sink categories
CO2
CH4
N2O
Explanation, 

-if not estimated

-if included elsewhere
Notes*



1. A. Fuel combustion activities

1. Energy industries

a. Public Electricity and Heat Production
X
X
X



b. Petroleum Refining
X
X
X



c. Manufacture of Solid Fuels and Other Energy Industries


X
IE
X
All CH4 emissions from coke production are included in 2.C.1


2. Manufacturing Industries and Construction


a. Iron and Steel
X
X
X

CO2 emissions from coke and residual fuel oil used in blast furnaces have been included here.

b. Non-Ferrous Metals


X
X
X



c. Chemicals


X
X
X



d. Pulp, Paper and Print


X
X
X



 e. Food Processing, Beverages and Tobacco


X
X
X



 f. Other (please specify)

-Other manufacturing sectors

-construction


X
X
X



3. Transport

a. Civil Aviation


X
X
X



b. Road Transportation 


X
X
X



c. Railways


X
X
X



d. Navigation


X
X
X



e. Other Transportation (please specify)

Other off-road machinery


X
X
X



4. Other Sectors

a. Commercial/Institutional


X
X
X



b.  Residential
X
X
X



c.  Agriculture/Forestry/Fisheries
X
X
X



5. Other (please specify)


a.  Stationary


X
X
X

Includes also emissions from mobile sources (1.A.5.b).

b.  Mobile


IE
IE
IE
Included in 1.A.5.a (stationary)


Energy, Fugitive emissions (CRF 1.B)

Greenhouse gas source and sink categories
CO2
CH4
N2O
Explanation, 

-if not estimated

-if included elsewhere
Notes*



1.B Fugitive emissions from fuels

1. Solid fuels



a.  Coal Mining
NO
NO
NO



b. Solid Fuel Transformation


NO
NO
NO



c.  Other (please specify)

Peat production
X
X
NE
Inadequate methodologies 


2. Oil and Natural Gas



a.  Oil


IE
X

CO2 emissions from Hydrogen production in oil refineries are included in Category 2.B.5 Other: Hydrogen production.
Other sources of CO2 emissions in this category have not been identified.



b.  Natural Gas


NO
X


The CO2 -content of the natural gas used in Finland is very low (less than 1%). This means that fugitive emissions would be at most 13 tonnes. Even this figure is probably too high.  Because of this these emissions have not been further studied at this point.

c.  Venting and Flaring
X
NE
NE

Only CO2emissions from flaring are estimated in this subcategory. Further studies are needed for estimation of CH4 and N2O emissions.

d. Other (please specify)
NO
NO
NO



Industrial Processes (CRF 2) 

Greenhouse gas source and sink categories
CO2
CH4
N2O
Explanation, 

-if not estimated

-if included elsewhere
Notes*



2. Industrial processes


A. Mineral products


1.  Cement Production
X





2.  Lime Production


X





3.  Limestone and Dolomite Use
X



Included in the inventory for the first time

4.  Soda Ash Production and Use
X



Included in the inventory for the first time

5.  Asphalt Roofing


NE


No methodologies available for estimation of CO2 emissions


6.  Road Paving with Asphalt


NE


No methodologies available for estimation of CO2 emissions


7.  Other (please specify)

NE





B.  Chemical Industry 


1.  Ammonia Production


NO





2.  Nitric Acid Production 




X



3.  Adipic Acid Production


NO

NO



4.  Carbide Production


NO





5.  Other

Ethylene Production
NO
X
NO



5.  Other

Hydrogen Production
X
NO
NO

Included in the inventory for the first time. Includes emissions from hydrogen production at oil refineries.

C.  Metal Production


1.  Iron and Steel Production
IE
X

CO2 emissions from coke and residual fuel oil used in blast furnaces are allocated to the Energy Sector (1.A.2.a)


2.  Ferroalloys Production


IE
IE

Emissions from coke and residual fuel oil used in ferroalloys production are allocated to the Energy Sector (1.A.2.a)




3.  Aluminium Production
NO
NO




4.  SF6 Used in Aluminium and Magnesium Foundries








5.  Other (please specify)






D.  Other Production


1.  Pulp and Paper








2.  Food and Drink
NE



CO2 emissions estimated to be neglible (= 0)

G. Other (please specify)








F-gases (CRF 2.F)

Greenhouse gas source and sink categories
HFCs
PFCs
SF6
Explanation, 

-if not estimated

-if included elsewhere
Notes*



2. Industrial processes



E.  Production of Halocarbons and SF6


1.  By-product Emissions


NO
NO
NO



Production of HCFC-22


NO
NO
NO



Other 


NO
NO
NO



F.  Consumption of Halocarbons and SF6


1.  Refrigeration and Air Conditioning Equipment 


X
X
NO



2.  Foam Blowing


X
NO
NO

Excl. one component foam

3.  Fire Extinguishers


X, C
NO
NO

Reported grouped with other confidential data.

4.  Aerosols/ Metered Dose Inhalers


X, C
NO
NO

Incl. one component foam; data disaggregated to individual chemical substances is confidential.

5.  Solvents


NO
NO
NO



6.   Semiconductor Manufacture


X, C
X, C
X, C

Reported grouped with other confidential data.

7.  Electrical Equipment


NO
NO
X

Some of the activity data is confidential.

8.  Other (please specify)

X
X
X

Confidential information grouped together as one "source category": HFC-23 from refrigeration and air conditioning; HFC-23, PFCs, and SF6 from semiconductor manufacturing; HFCs from fixed fire protection equipment; SF6 from shoes; SF6 from magnesium die-casting.

Solvent and other product use (CRF 3)

The evaluation of CRF category CRF 3 (Solvent and other product use) cover also the NMVOC emissions.

Greenhouse gas source and sink categories
CO2
NMVOC
N2O
Explanation, 

-if not estimated

-if included elsewhere
Notes*



3. Solvent and Other Product Use



A.  Paint Application


NO
X




B.  Degreasing and Dry Cleaning


NO
X




C.  Chemical Products, Manufacture and Processing



X




D.  Other (please specify)







N2O use (medical, industrial, etc.) (C= confidential)


NO
NO
X

Includes other uses of N2O.

(N2O from Fire Extinguishers)


NO
NO
IE
N2O included in medical use.


(N2O from Aerosol Cans)
NO
NO
IE
N2O included in medical use.


(Other Use of N2O)
NO
NO
IE
N2O included in medical use.


Glass and mineral wool enduction


NE
X
NO

CO2 emissions from limestone and dolomite use are included in 2.A.3. Other CO2 emissions estimated to be neglible (= 0)

Use of pesticides


NE
X
NO

CO2 emissions estimated to be neglible (= 0)

Preservation of wood
NE
X
NO

CO2 emissions estimated to be neglible (= 0)

Domestic solvent use (car care products included
NE
X
NO

CO2 emissions estimated to be neglible (= 0)

Printing industry
NE
X
NO

CO2 emissions estimated to be neglible (= 0)

Fat, edible and non edible oil extraction


NE
X
NO

CO2 emissions estimated to be neglible (= 0)

Agriculture CRF 4. 

Note, that in previous inventories, also CO2 emissions from agricultural soils have been reported under the Agriculture sector (CRF 4). Now these emissions have been reallocated to LULUCF-sector according to the UNFCCC reporting guidelines on annual inventories (FCCC/SBSTA/2004/8) (UNFCCC 2004) and GPG LULUCF (IPCC, 2003).
Greenhouse gas source and sink categories
CO2
CH4
N2O
Explanation, 

-if not estimated

-if included elsewhere
Notes*



4. Agriculture

A. Enteric fermentation



1.Cattle

X
NE
No methodology available for N2O


Dairy Cattle



X
NE
No methodology available for N2O


Non-Dairy Cattle

X
NE
No methodology available for N2O


2.Buffalo



NO
NO
Buffalos does not exist in Finland


3.Sheep



X
NE
No methodology available for N2O


4.Goats



X
NE
No methodology available for N2O


5.Camels and Lamas



NO
NO
Camels and lamas does not exist in Finland


6.Horses



X
NE
No methodology available for N2O


7.Mules and Asses 



NO
NO
Mules and asses does not exist in Finland


8.Swine



X
NE
No methodology available for N2O


9.Poultry 



NE
NE
No methodology available


10.Other (please specify)
Reindeer

Fur animals

X

NE
NE

NE
No methodology available


B.  Manure Management



1.Cattle



X
X



Dairy Cattle

X
X



Non-Dairy Cattle

X
X



2.Buffalo



NO
NO
Buffalos does not exist in Finland


3.Sheep



X
X



4.Goats



X
X



5.Camels and Lamas



NO
NO
Camels and lamas does not exist in Finland


6. Horses



X
X



7.Mules and Asses 



NO
NO
Mules and asses does not exist in Finland


8.Swine

X
X



9.Poultry 



X
X



10. Fur animal

X
X



11. Reindeer

X
X



12.Anaerobic Lagoons



NO
NO
Anaerobic lagoons does not exist in Finland


13.Liquid Systems



X
X



14.Solid Storage and Dry Lot



X
X



15.Other (please specify)
Pasture

X
X



C. Rice Cultivation – NOT OCCURING in Finland



D. Agricultural Soils



1. Direct Soil Emissions


IE
NE
X
CO2 emissions from agricultural soils are reported under LULUCF (CRF 5)

No methodology available for CH4


2.Animal Production



NE
X



3.Indirect Emissions



NE
X
No methodology for CH4


4.Other (please specify)







E. Prescribed Burning of Savannas            NO



F. Field Burning of Agricultural Residues 



1.Cereals



NO
NO
Negligible amounts, data not available


2.Pulse



NO
NO
Negligible amounts, data not available


3.Tuber and Root



NO
NO
Negligible amounts, data not available


4.Sugar Cane



NO
NO
Sugar cane is not cultivated in Finland


5.Other (please specify)







G. Other (please specify)








Land Use Land Use Change and Forestry (CRF 5)

Greenhouse gas source and sink categories
CO2
CH4
N2O
Explanation, 

-if not estimated

-if included elsewhere
Notes*



5. Land use, Land use change and Forestry

A. Forest land

1. Forest land remaining forest land
X





2. Land converted to forest land


IE


Sources and sinks from CRF 5A.1 and 5A.2 are not reported separately Sources and sinks from CRF 5.A.2 are included in CRF 5A.1 Forest land remaining forest land


B. Cropland

1. Cropland remaining cropland


X

IE
N2O emissions included under agriculture CRF 4D

No methodology available for CH4


2. Land converted to cropland


NE


Emissions from CRF 5.B.1 and CRF 5.B.2 are not reported separately . Emissions from CRF 5.B.2 are included into cropland remaining cropland (CRF 5.B.1)


C. Grassland

1. Grassland remaining grassland


X





2. Land converted to grassland
IE


Emissions from CRF 5.C.1 and CRF 5.C.2 are not reported separately . Emissions from CRF 5.C.2 are included into grassland remaining grassland (CRF 5.C.1)


D. Wetlands

1.  Wetlands remaining wetlands


IE


Emisssions from peat extraction areas are reported in Table 1.B 1 c


2. Land converted to wetlands
IE


Emisssions from peat extraction areas are reported in Table 1.B 1 c


E. Settlements

1. Settlements remaining settlements
NE


Parties do not have to report categories presented in appendixes of GPG LULUCF (2003) (Appendix: 3a.4 Settlements). No methodology currently available


2. Land converted to settlements
NE


Parties do not have to report categories presented in appendixes of GPG LULUCF (2003) (Appendix: 3a.4 Settlements). No methodology currently available


F. Other land






1. Other land remaining other land


NE


No methodology currently available


2. Land converted to other land


NE


No methodology currently available


G. Other (please specify)



Harvested wood products


NE


Parties do not have to report categories presented in appendixes of GPG LULUCF (2003) (Appendix: 3a.1 Harvested wood products)


(I) Direct N2O emissions  from N fertilization 


X

Included in to the inventory for the first time 

(II) N2O emissions  from drainage of soils 


NE
No reliable methodology currently available, inadequate activity data . Parties do not have to report categories presented in appendixes of GPG LULUCF (2003) (Appendix: 3.a.2)


(III) N2O emissions from disturbance associated with land-use conversion to cropland



NE
No reliable methodology currently available, inadequate activity data .


(IV) Carbon emissions from agricultural lime application 


X



Reported earlier under Agriculture (CRF 4)

(V) Biomass Burning
X
X
X
.
Calculated for Forest land.

 Waste (CRF 6) 

Greenhouse gas source and sink categories
CO2
CH4
N2O
Explanation, 

-if not estimated

-if included elsewhere
Notes*



6. Waste



A. Solid Waste Disposal on Land



1.  Managed Waste Disposal on Land


NO
X




2.  Unmanaged Waste Disposal Sites


NO
NO




3.  Other (please specify)








- Municipal Sludge (d.m.)


NO
X




- Industrial Sludge (d.m.)


NO
X




- Industrial Solid Waste


NO
X




- Constr. and Demolition Waste


NO
X




B.  Wastewater Handling



1.Industrial Wastewater



X
NE
No IPCC methodologies for N2O available,


2.Domestic and Commercial Wastewater



X
NE / X   
No IPCC methodologies for N2O (Wastewater treatment)
N2O from human sewage is estimated partly by the means of population and partly by the means of N input (measured values) 

3.Other (please specify)







N input from Fish Farming



NA
X

National emission source.

N input from Ind. Wastewater 



NA
X

National emission source.

C.  Waste Incineration 


IE
IE
IE
Waste incineration without energy recovery is nearly zero.  Waste incineration with and without energy recovery are included in the calculations of the energy sector (CRF 1.A.).


D.  Other (please specify)


Composting, etc.


NO
NE/0
NE/0
Estimated emissions are nearly zero (malfunction). No IPCC methodologies available.


ANNEX 3.

Description of the Compliance Monitoring Data System VAHTI

The VAHTI compliance data system functions as a tool for the 13 Regional Environment Centres in their work on processing and monitoring permits. The data system contains information on the environmental permits of clients and on their wastes generated, discharges into water, emission to air. In the future, the system will also include information on noise emissions. This baseline data is used by the Regional Environment Centres and by other interested parties. Additionally, case management has been incorporated into the system. VAHTI also contains information on how installations comply with environmental regulations.

Currently, there are 800 active users of the system which is an effective tool in the everyday work of the environmental administration. The user interface makes it possible to add new customers, change or add customer data, retrieve reports from database and write inspection reports. The system also includes  mapping functions and a calendar to remind the inspector of time limits.
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VAHTI is a customer information system (Figures 1 and 2).

The operators must have an environmental permit from 

the authority containing, for example, the following 

information:

- identification details 

- contact persons

- respective authorities 

- environmental permit conditions
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- environment insurance information

- loading points  (stacks and sewers)           


- information on emission control equipment
 
   and/or wastewater treatment plants

- information on boilers and fuels used




- information on landfills


           
- information on emissions to air, water and wastes

  and related analysis

- information on energy and other production

- information on raw materials and water consumption







Figure 1. Structure of the VAHTI Data System   

The operators of installations (such as energy producers, industrial installations, fish farmers, peat producers, waste management and wastewater treatment plants) that have an environmental permit report information of their annual emissions and wastes to the Regional Environment Centres according to the monitoring obligations determined in their environmental permits. After checking and approving the data the supervising authorities record the data into the database (VAHTI) from where it is available for emission inventory purposes (see Chapter 2). 

The coverage of the Finnish Environment legislation is much wider than the European Union's IPPC directive. The VAHTI Data System includes information of about 31000 clients of which about 28 000 in operation and about 3000 out of operation. There are only about 600 installations that are under the European Union's IPPC directive. In 2003, 3825 facilities sent their emission reports to the authorities. The number of facilities that reported information on emissions to air, water or on wastes is presented in Table 1 below.

Table 1. Facilities reporting information to the VAHTI Data System in 2003.

Activity
Water
Air
Waste

Energy production and industrial installations
361
791
731

Municipalities
517
1
381

Fish farms
251
-
7

Others
59
114
612

Total
1188
906
1731

Small facilities as well as part of the medium sized facilities, such as small animal shelters and petrol stations, are not yet requested to report to the authorities.

Emission data reported by the facilities

The permit or the plant specific emission monitoring and reporting programme annexed to the permit, include orders on what the operator (i.e. person or legal person in charge of a facility) must report to the authorities. The annual reporting obligation of an installation concerns emissions for which the installation has an emission limit value (ELV) in the environmental permit. The monitoring system for these substances is stipulated together with the ELV for these compounds. Of those emissions reported to the UNFCCC, ELVs are usually given for emissions of sulphur (as SO2) and nitrogen oxides (as NO2), but not for carbon dioxide, methane or nitrous oxide. However, the operators may report also these compounds based on the reporting obligations to the integrated emission registers such as the European Polluting Emissions Register (EPER) and the future European Pollutant Release and Transfer Register (E-PRTR)
. The EPER and PRTR reporting substance lists include also carbon dioxide, nitrous oxide and F-gases. However, the data to the integrated emission registers are reported as total emissions for the industrial site and are not possible to split between the CRF reporting categories.

In addition to emission data the operators also report on the types, characteristics and consumption of fuels though this data may not be as complete as emission data. Also, waste amounts (with classification data) to solid waste disposal sites, and wastewater handling data are reported to the VAHTI Data System.

The operators must report emissions of carbon dioxide and fuel data to the Energy Market Authority that keeps the Emission Trading Register. The Energy Market Authority shall decide soon how the reporting must be carried out by the operators.

Quality checking carried out by the supervising authority

When receiving the emission report from the operator the supervising authority checks whether the data is produced according to the methods agreed in the permit or in a separate monitoring programme for the plant. The methods usually include use of international standards or approved in-house methods. The principles of the EU IPPC Reference Document on Monitoring of Emissions (Monitoring BREF) are also followed.

Reporting options for the operators

The operators may submit the emission reports to the supervising authorities either on hard copies or electronically by email or through the Internet (Figure 2). The larger industrial installations have recently developed reporting systems which are based on direct information flow from the plant information systems to the  supervising authority. The emission data is always checked by the supervising authority before recording into the VAHTI data system as described in Chapter 1.3. When the operator chooses to send the data over the internet using a centralized data collection system
  the data will automatically be checked for completeness and only the completed data will be sent to the authorities for check of the substance.
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Figure 2. Reporting options for the operators
Further information on the VAHTI Data System is available from Mr Markku Hietamäki, Ministry of the Environment (email: firstname.surname@ymparisto.fi).

ANNEX 4. 

Reference approach

Energy Balance Sheet 2003, ktoe


























Coal
Crude oil & NGL
Petroleum products
Natural  gas
Nuclear energy
Hydro & wind power
Peat fuel
Wood and recycled fuels
Electricity
District heat & heat pumps
Total


1
2
3
4
5
6
7
8
9
10
11

Indigenous production
–
–
–
–
5 688
821
1 832
7 099
–
110
15 550

Recycled oil
–
–
26
–
–
–
–
–
–
–
26

Imports
6 638
12 009
4 480
4 095
–
–
–
274
1 022
–
28 517

Exports
-2
–
-5 547
–
–
–
-3
-51
-605
–
-6 208

International marine bunkers
–
–
-637
–
–
–
–
–
–
–
-637

Stock Changes
-717
-77
-926
–
–
–
522
–
–
–
-1 198














Total Primary Energy Supply
5 919
11 932
-2 605
4 095
5 688
821
2 350
7 322
417
110
36 050














Statistical Difference
0
159
-108
-10
–
–
–
–
–
–
41














Electricity generation
-3 218
–
-137
-416
-5 688
-821
-829
-527
4 504
–
-7 131

Combined district heat and power
-1 222
–
-85
-1 598
–
–
-855
-483
1 315
2 172
-755

Cogeneration electricity in industry
-48
–
-121
-230
–
–
-84
-997
1 093
–
-386

District heat production
-54
–
-213
-184
–
–
-105
-273
–
764
-65

Oil refinery
–
-12 091
12 003
–
–
–
–
–
–
–
-88

Coal transformation
-531
–
–
–
–
–
–
–
–
–
-531

Transmission and distributions losses
–
–
–
–
–
–
–
–
-296
-254
-551



























TFC (total final energy)
846
–
8 735
1 656
–
–
479
5 043
7 032
2 792
26 583

Industry
844
–
1 543
1 516
–
–
453
3 880
3 889
255
12 380

Transport
–
–
4 542
27
–
–
–
–
54
–
4 622

Residential
2
–
835
25
–
–
12
986
1 592
1 602
5 054

Agriculture
–
–
659
13
–
–
12
115
74
10
883

Commerce and public services
–
–
364
33
–
–
2
62
1 260
926
2 647

Other consumption
–
–
473
–
–
–
–
–
163
–
635

Non-energy use
–
–
319
43
–
–
–
–
–
–
362

Energy Balance Sheet 2003, TJ




























Coal
Crude oil & NGL
Petroleum products
Natural  gas
Nuclear energy
Hydro & wind power
Peat fuel
Wood and recycled fuels
Electricity
District heat & heat pumps
Total



1
2
3
4
5
6
7
8
9
10
11


Indigenous production
–
–
–
–
238 146
34 369
76 700
297 214
–
4 620
651 049


Recycled oil
0
0
1 078
0
0
0
0
0
0
0
1 078


Imports
277 899
502 797
187 566
171 432
–
–
–
11 487
42 775
–
1 193 956


Exports
-86
–
-232 239
–
–
–
-137
-2 143
-25 308
–
-259 914


International marine bunkers
–
–
-26 679
–
–
–
–
–
–
–
-26 679


Stock Changes
-30 000
-3 223
-38 770
–
–
–
21 837
–
–
–
-50 156
















Total Primary Energy Supply
247 812
499 574
-109 043
171 432
238 146
34 369
98 400
306 558
17 467
4 620
1 509 335
















Statistical Difference
–
6 655
-4 513
-432
–
–
–
–
–
–
1 709
















Electricity generation
-134 711
–
-5 752
-17 406
-238 146
-34 369
-34 697
-22 048
188 554
–
-298 576


Combined district heat and power
-51 167
–
-3 547
-66 915
–
–
-35 784
-20 208
55 058
90 936
-31 627


Cogeneration electricity in industry
-2 016
–
-5 059
-9 615
–
–
-3 497
-41 734
45 745
–
-16 176


District heat production
-2 269
–
-8 915
-7 717
–
–
-4 386
-11 412
–
31 986
-2 713


Oil refinery
–
-506 228
502 551
–
–
–
–
–
–
–
-3 678


Coal transformation
-22 234
–
–
–
–
–
–
–
–
–
-22 234


Transmission and distributions losses
–
–
–
–
–
–
–
–
-12 409
-10 645
-23 054






























TFC (total final energy)
35 415
–
365 720
69 346
–
–
20 037
211 156
294 415
116 897
1 112 986


Industry
35 315
–
64 600
63 478
–
–
18 967
162 456
162 842
10 680
518 339


Transport
–
–
190 149
1 116
–
–
–
–
2 257
–
193 522


Residential
100
–
34 977
1 052
–
–
480
41 300
66 650
67 050
211 609


Agriculture
–
–
27 597
540
–
–
510
4 800
3 096
406
36 949


Commerce and public services
–
–
15 250
1 360
–
–
80
2 600
52 765
38 761
110 816


Other consumption
–
–
19 789
–
–
–
–
–
6 804
–
26 593


Non-energy use
–
–
13 359
1 800
–
–
–
–
–
–
15 159













































































































Total

CRF2003/EUv2


Comparison to CRF categories:








excluding
including
sector totals
difference

Data from energy balance
Coal

Oil products
Natural gas


Peat
Wood+recycl.
biomass
biomass
excl. biomass
CRF/EB

Transformation (CRF 1.A 1)
212 397

26 951
101 654


78 363
95 402
419 366
514 768
439 533
4,8 %

Industry (CRF 1.A 2)
35 315

64 600
63 478


18 967
162 456
182 360
344 816
174 687
-4,2 %

Transport (CRF 1.A 3)
–

190 149
1 116


–
–
191 265
191 265
178 621
-6,6 %

Commerce and public services (CRF 1.A 4 a)
–

15 250
1 360


80
2 600
16 690
19 290
18 566
11,2 %

Residential (CRF 1.A 4 b)
100

34 977
1 052


480
41 300
36 609
77 909
36 160
-1,2 %

 Agriculture (CRF 1.A 4 c)
–

27 597
540


510
4 800
28 647
33 447
27 931
-2,5 %

Other (CRF 1.A 5)
–

19 789
–


–
–
19 789
19 789
21 776
10,0 %















Totals by fuel
247 812

379 313
169 200


98 400
306 558
894 725
1 201 283
897 274
0,3 %

Aviation bunkers correction


-14 721










Totals 
247 812

364 592
169 200


98 400
306 558
880 004
1 186 562


















Solid fuels

Liquid fuels
Gaseous fuels


Other
Biomass





CRF totals by fuel
244 048

375 058
171 363


106 806
286 574
897 274
1 183 848



difference CRF/EB
-1,5 %

2,9 %
1,3 %


8,5 %
-6,5 %
2,0 %
-0,2 %



Energy Balance Sheet 2003, Gg CO2




























Coal
Crude oil & NGL
Petroleum products
Natural  gas
Nuclear energy
Hydro & wind power
Peat fuel
Wood and recycled fuels
Electricity
District heat & heat pumps
Total (fossil & peat)
Total (incl. biomass)


1
2
3
4
5
6
7
8
9
10
11


Indigenous production
–
–
–
–
0
0
8 049
32 249
–
0
8 049
40 298

Recycled oil
–
–
78
–
–
–
–
–
–
–
78
78

Imports
25 763
37 114
13 633
9 569
–
–
–
1 246
0
–
86 080
87 327

Exports
-8
–
-16 881
–
–
–
-14
–
0
–
-16 903
-16 903

International marine bunkers
–
–
-1 939
–
–
–
–
–
–
–
-1 939
-1 939

Stock Changes
-2 781
-238
-2 818
–
–
–
2 292
–
–
–
-3 546
-3 546















Total Primary Energy Supply
22 974
36 876
-7 926
9 569
0
0
10 326
33 495
0
0
71 820
105 315















Statistical Difference
–
–
-328
-24
–
–
–
–
–
–
-352
-352















Electricity generation
12 489
–
418
972
0
0
3 641
2 392
0
–
17 520
19 912

Combined district heat and power
4 744
–
258
3 735
–
–
3 755
2 193
0
0
12 492
14 684

Cogeneration electricity in industry
187
–
368
537
–
–
367
4 528
0
–
1 458
5 987

District heat production
210
–
648
431
–
–
460
1 238
–
0
1 749
2 988

Oil refinery
–
37 368
-36 528
–
–
–
–
–
–
–
839
839

Coal transformation
2 061
–
–
–
–
–
–
–
–
–
2 061
2 061

Transmission and distributions losses
–
–
–
–
–
–
–
–
0
0
0
0





























TFC (total final energy)
3 283
–
25 612
3 770
–
–
2 103
22 911
0
0
34 768
57 679

Industry
3 274
–
4 695
3 543
–
–
1 990
17 627
0
0
13 503
31 130

Transport
–
–
13 821
62
–
–
–
–
–
–
13 883
13 883

Residential
9
–
2 542
59
–
–
50
4 481
0
0
2 661
7 142

Agriculture
–
–
2 006
30
–
–
54
521
0
0
2 090
2 610

Commerce and public services
–
–
1 108
76
–
–
8
282
0
0
1 193
1 475

Other consumption
–
–
1 438
–
–
–
–
–
0
–
1 438
1 438

Non-energy use
–
–
971
100
–
–
–
–
–
–
1 071
1 071















Total CO2 emissions
22 974

28 143
9 445


10 326
33 263


70 888
104 150

(excluding non-energy use)



























CO2 emission factor g/MJ
94,6
74,6
73,4
56,1
0,0
0,0
106,0
109,6
0,0
0,0



oxidation factor
0,98
0,99
0,99
0,995
0,00
0,00
0,99
0,99
0,00
0,00































Comparison to CRF categories:








Total

CRF2003/EUv2











excluding
including
sector totals
difference

Data from energy balance








biomass
biomass
excl. biomass
CRF/EB

Transformation (CRF 1.A 1)
19 691

2 531
5 674


8 223
10 352
36 120
46 471
36 047
-0,2 %

Industry (CRF 1.A 2)
3 274

4 695
3 543


1 990
17 627
13 503
31 130
13 824
2,4 %

Transport (CRF 1.A 3)
–

13 821
62


–
–
13 883
13 883
13 067
-5,9 %

Commerce and public services (CRF 1.A 4a)
–

1 108
76


8
282
1 193
1 475
1 314
10,1 %

Residential (CRF 1.A 4b)
9

2 542
59


50
4 481
2 661
7 142
2 652
-0,3 %

 Agriculture (CRF 1.A 4c)
–

2 006
30


54
521
2 090
2 610
2 066
-1,1 %

Other (CRF 1.A 5)
–

1 438
–


–
–
1 438
1 438
1 447
0,6 %















Totals by fuel
22 974

28 143
9 445


10 326
33 263
70 888
104 150
70 417
-0,7 %

Aviation bunkers correction


-1 042










Totals 
22 974

27 101
9 445


10 326
33 263
69 846
103 108

















CRF totals by fuel
22 752

27 480
9 349


10 836
31 066
70 417
101 483



difference CRF/EB
-1,0 %

1,4 %
-1,0 %


4,9 %
-6,6 %
0,8 %
-1,6 %



� EMBED Excel.Sheet.8  ���
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Figure 1.2_1. The National system for Greenhouse gas Inventory in Finland.








� Working currently in Finnish Ministry of  Trade and Industry


� The key category analyses have not been updated with the changes made in response to the Initial Check. The changes made after the Initial Check are however small and have no effect on the results of the analysis.


� According to the Finnish Environmental Protection Act paragraph 27.2 the Environmental Protection Register contains information about emission reports and monitoring connected to permits. The Regional Environmental Centres and municipal authorities are responsible for collecting the data from operators. The Finnish Parliament has approved additions to the Environmental Protection Act which stipulates inter alia that operators must submit reports on emissions to the authorities.    


�  The centralized data collection system TYVI  is a consultant service used in various data collection procedures from the companies to the authorities, in addition to the environmental administration also s e.g. the tax authority, customs, statistics)
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Kaavio4

		Industrial Processes

		Solvent and Other Product Use

		Agriculture

		Waste

		Other

		Energy Industries

		Manufacturing Industries and Construction

		Transport

		Households, services etc.

		Emissions from Peat Production areas

		Other



Solvent and Other
 Product Use
0,1 %

Others

Emissions from Peatlands

Households, Services etc.

Transport

Manufacturin Industries and Construction

Energy Industries

Energy
85,4 %

3446.4241197711

39.99

5469.8690343073

2729.69

830

36664.3288

14119.5911

13655.4299

6466.2327

677.1947

1460.3946



Taul1

		

						KHK 2003

						Industrial Processes		3446.4241197711		4.03

						Solvent and Other Product Use		39.99		0.05

						Agriculture		5469.8690343073		6.39

						Waste		2729.69		3.19

						Other		830		0.97

						Energy Industries		36664.3288		42.85

						Manufacturing Industries and Construction		14119.5911		16.50

						Transport		13655.4299		15.96

						Households, services etc.		6466.2327		7.56

						Emissions from Peat Production areas		677.1947		0.79

						Other		1460.3946		1.71

								85559.1449540783





Taul1

		



Energy
86,1 %

Energy Industries

Manufacturin Industries and Construction

Transport

Households, Services etc.

Emissions from Peatlands

Others

Solvent and Other Product Use
0,1 %



Taul2

		

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

				1.  Energy		59121.446		58351.227194		56414.972194		57260.1785		63639.68652		61479.86696		66992.355		65889.933		63525.052		62898.64013		60402.86375		66196.42239		67966.3065		76328.8173831658

				2.  Industrial Processes		2874.3185154808		2515.5267622565		2237.9555525861		2143.360659215		2240.2413872402		2342.7761884581		2420.8227835646		2538.1882644245		2555.7777608719		2740.3152651322		2984.0940421379		3048.4836592678		2842.3993272909		3332.0079996435

				3.  Solvent and Other Product Use		62		62		62		62		62		62		62		62		62		62		62		48.67		43.71		39.99

				4.  Agriculture		6927.6033708573		6511.3947619712		6058.7615223714		6104.3265940126		6060.2896245113		6107.7923625531		5983.3386068577		5933.7316142463		5784.5004071682		5558.4779780353		5647.2310149388		5542.301398524		5503.9579144863		5420.4487082402

				6.  Waste		3973.2835520423		4013.7286159654		4037.8103103672		4031.7993461924		3960.9222647515		3897.4841716287		3799.5201133454		3702.1174414948		3534.6643786981		3446.6966704027		3250.4901446986		3140.6253158097		2915.1147493816		2729.6909761725

				7.  Other		640.2903276		614.7588245333		607.5058982667		555.9771638667		691.5233497333		699.4929758667		698.4614354667		557.6368438667		720.0476888		750		730		690		720		830

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

				Energy		59.121446		58.351227194		56.414972194		57.2601785		63.63968652		61.47986696		66.992355		65.889933		63.525052		62.89864013		60.40286375		66.19642239		67.9663065		76.3288173832

				Industrial Processes		2.8743185155		2.5155267623		2.2379555526		2.1433606592		2.2402413872		2.3427761885		2.4208227836		2.5381882644		2.5557777609		2.7403152651		2.9840940421		3.0484836593		2.8423993273		3.3320079996

				Solvent and Other Product Use		0.062		0.062		0.062		0.062		0.062		0.062		0.062		0.062		0.062		0.062		0.062		0.04867		0.04371		0.03999

				Agriculture		6.9276033709		6.511394762		6.0587615224		6.104326594		6.0602896245		6.1077923626		5.9833386069		5.9337316142		5.7845004072		5.558477978		5.6472310149		5.5423013985		5.5039579145		5.4204487082

				Waste		3.973283552		4.013728616		4.0378103104		4.0317993462		3.9609222648		3.8974841716		3.7995201133		3.7021174415		3.5346643787		3.4466966704		3.2504901447		3.1406253158		2.9151147494		2.7296909762

				Other		0.6402903276		0.6147588245		0.6075058983		0.5559771639		0.6915233497		0.6994929759		0.6984614355		0.5576368439		0.7200476888		0.75		0.73		0.69		0.72		0.83





Taul2

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



Energy
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Kaavio1

		1990		1990		1990		1990

		1991		1991		1991		1991

		1992		1992		1992		1992

		1993		1993		1993		1993

		1994		1994		1994		1994

		1995		1995		1995		1995

		1996		1996		1996		1996

		1997		1997		1997		1997

		1998		1998		1998		1998

		1999		1999		1999		1999

		2000		2000		2000		2000

		2001		2001		2001		2001

		2002		2002		2002		2002

		2003		2003		2003		2003



Total NOx

Total CO

Total NMVOC

Total SOx

Gg

294.1534734946

702.0836031291

223.1402695514

240.84965

273.559289284

673.0451099533

209.0768450646

199.87744

266.4282967904

661.9628731776

202.3456977864

152.54049

267.3471234732

650.7240703604

192.1252693196

132.55364

267.7637299713

636.0141539482

188.228604864

119.63547

245.6970996755

632.4441467334

181.9713383027

99.62892

250.4119332288

623.0882971799

174.9421152249

103.9909702

242.7950153594

624.2765560398

170.2363320175

100.6589606

227.8605740205

620.442766783

165.9384295335

91.898011

221.6153623625

611.4214919488

160.5511646463

86.4512444

208.2438429847

593.5524429091

155.3562720318

77.4915748

209.945525

585.322814

152.671598

89.0725759

210.344449

574.896949

147.819743

86.6155607

218.03

564.37

144.2378

99.32



Taul1

		

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

				Total NOx		294.2		273.6		266.4		267.3		267.8		245.7		250.4		242.8		227.9		221.6		208.2		209.9		210.3		218.0

				Total CO		702.1		673.0		662.0		650.7		636.0		632.4		623.1		624.3		620.4		611.4		593.6		585.3		574.9		564.4

				Total NMVOC		223.1		209.1		202.3		192.1		188.2		182.0		174.9		170.2		165.9		160.6		155.4		152.7		147.8		144.2

				Total SOx		240.8		199.9		152.5		132.6		119.6		99.6		104.0		100.7		91.9		86.5		77.5		89.1		86.6		99.3





Taul1

		



Total NOx

Total CO

Total NMVOC

Total SOx

Gg



Taul2

		





Taul3

		






_1172319781.xls
Kaavio3

		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



Trend of emissions

Emission target of the Kyoto Protocol

Tg (CO2-ekv.)

73.6

70.3978606231

72

70.3978606231

69.4

70.3978606231

70.2

70.3978606231

76.7

70.3978606231

74.6

70.3978606231

79.9

70.3978606231

78.6

70.3978606231

76.1

70.3978606231

75.5

70.3978606231

73

70.3978606231

78.6

70.3978606231

79.9

70.3978606231

88.5

70.3978606231



Kaavio1

		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



Trend of emissions

Emission target of the Kyoto Protocol

Tg CO2- eq

70.3978606231

70.3978606231

69.3915322016

70.3978606231

67.5232891347

70.3978606231

67.8262728919

70.3978606231

74.2857282177

70.3978606231

71.5149627642

70.3978606231

76.8474137964

70.3978606231

75.9660895669

70.3978606231

72.8881170355

70.3978606231

72.3772440679

70.3978606231

70.1691903846

70.3978606231

75.7512081165

70.3978606231

77.2040080883

70.3978606231

85.5302246042

70.3978606231



Taul1

		

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

		Muut		69.8		68.5		65.9		66.7		73.2		71.1		76.4		75.1		72.6		72		69.5		75.1		76.4		85

		Turvemaat		0.6		3.5		3.5		3.5		3.5		3.5		3.5		3.5		3.5		3.5		3.5		3.5		3.5		3.5
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