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PREFACE 
 

 

Finlandôs National Inventory Report (NIR) under the UNFCCC (United Nations Framework Convention on 

Climate Change) and the Kyoto Protocol contain the following parts: 

 

Part 1 Finlandôs national greenhouse gas emission inventory report (NIR) prepared using the reporting 

guidelines (UNFCCC 2006) and the Guidelines for the preparation of the information required under 

Article 7, paragraph 1 of the Kyoto Protocol.  

 

Part 2 CRF (Common Reporting Format) data tables of Finlandôs greenhouse gas emissions for the years 

1990-2008 including KP-LULUCF data tables. The CFR tables are compiled with the UNFCCC 

CRF Reporter software (version 3.4.3).  

 

Part 3 SEF (Standard Electronic Tables) for reporting of Kyoto units (AAU, ERU, CER, t-CER. l-CER, 

RMU) in the registry 31.12.2009 and transfers of the units during the year 2009. 

 

Statistics Finland (Pia Forsell, Kari Grönfors, Timo Kareinen, Tuija Lapveteläinen, Teemu Oinonen, Riitta 

Pipatti, Leena Raittinen, Kai Skoglund), MTT Agrifood Research Finland (Sanna Pitkänen, Kristiina 

Regina), the Finnish Forest Research Institute (Markus Haakana, Juha Heikkinen, Aleksi Lehtonen, Tarja 

Tuomainen), the Finnish Environment Institute (Tuuli Alaja, Päivi Lindh, Santtu Mattila, Johanna Mikkola-

Pusa, Jouko Petäjä, Kristina Saarinen), VTT Technical Research Centre of Finland (Heidi Auvinen, Kari 

Mäkelä, Kim Pingoud) and Finavia (Johanna Kara, Mikko Viinikainen) have made the inventory 

calculations, as well as the descriptions of the methodologies and other information included in the national 

inventory report. 

 

Statistics Finland is the National Entity with the overall responsibility of the compilation and finalisation of 

inventory reports and their submission to the UNFCCC Secretariat and the European Commission. Statistics 

Finland approves the inventory submissions to the EC, UNFCCC and the Kyoto Protocol independently. 

 

The Finnish inventory report as well as the CRF tables can be downloaded from the address: 

http://stat.fi/greenhousegases. The latest Finnish summary report can be found from the address: 

http://tilastokeskus.fi/tup/khkinv/suominir_2009.pdf 

 

The contact person at 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 

  

http://tilastokeskus.fi/tup/khkinv/khkaasut_raportointi.html
http://tilastokeskus.fi/tup/khkinv/suominir_2009.pdf
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EXECUTIVE SUMMARY 

ES.1 Background information on greenhouse gas inventories 
and cl imate change 
 

Finland is a Party to the United Nations Framework Convention on Climate Change (UNFCCC) and the 

Kyoto Protocol. Under these international agreements Finland is committed to provide annually information 

on its national anthropogenic greenhouse gas emissions by sources and removals by sinks for all greenhouse 

gases not controlled by the Montreal Protocol. As a member of the European Union, Finland has reporting 

obligations also under the mechanism for monitoring European Community greenhouse gas emissions and 

for implementing the Kyoto Protocol (EU monitoring mechanism, Decision 280/2004/EC of the European 

Parliament and the Council). This report aims at fulfilling the reporting commitments under all above-

mentioned agreements. 

 

The annual greenhouse gas inventory provides information on the trends in national greenhouse gas 

emissions and removals since 1990. This information is essential for the planning and monitoring of climate 

policies. 

 

In accordance with the Government resolution of 30 January 2003 on the organisation of climate policy 

activities of Government authorities in Finland, Statistics Finland assumed the responsibilities of the 

National Entity for Finlandôs greenhouse gas inventory from the beginning of 2005. Statistics Finland as the 

general authority of the official statistics of Finland is independently responsible for greenhouse gas 

inventory submissions under the UNFCCC, the Kyoto Protocol and the EU monitoring mechanism. Besides 

Statistics Finland, the Finnish Environment Institute, MTT Agrifood Research Finland and the Finnish Forest 

Research Institute take part in the inventory preparation. Statistics Finland acquires also parts of the 

inventory calculations as purchased services from VTT (Technical Research Centre of Finland) and Finavia 

(formerly Civil Aviation Administration).  

 

In Finland the national system, as intended in the Kyoto Protocol (Article 5.1), is based, besides regulations 

concerning Statistics Finland, on agreements on the production of emission/removal estimations and reports 

between the inventory unit at Statistics Finland and the expert organisations mentioned above. Statistics 

Finland has also agreements with the responsible ministries defining the responsibilities and collaboration in 

relation to the reporting requirements under the UNFCCC and Kyoto Protocol, as well as the EU monitoring 

mechanism. A short description on the National Greenhouse Gas Inventory System in Finland is provided in 

Section 1.2. A more detailed description can be found from the report "National Greenhouse Gas Inventory 

System in Finland" which is available on the web: http://stat.fi/greenhousegases. 
 

ES.2 Summary of trends in national emissions and removals  
 

In 2008, Finland's greenhouse gas emissions totalled 70.1 Tg CO2 eq. (million tonnes of CO2 equivalent). 

The total emissions in 2008 were approximately 1%% (~0.9Tg) under the level of the base year (1990 for 

CO2, CH4 and N2O, and 1995 for HFCs, PFCs and SF6) ï the level to which Finland should limit its 

emissions during the Kyoto Protocolôs first commitment period between 2008 and 2012. Compared the year 

2007, the emissions decreased with more than 10%.  

 

A summary of the Finnish national emissions and removals for 1990-2008 is presented in Table ES.2_1.

http://tilastokeskus.fi/tup/khkinv/khkaasut_raportointi.html
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 Table ES.2_1 Finnish greenhouse gas emissions and removals in 1990-2008. The base year of the Kyoto Protocol is 1990 except for F-gases 1995. 

Tg CO2 equivalent

Base 

year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Energy 54.7 54.6 53.1 52.4 54.4 59.6 56.2 61.9 60.2 57.0 56.4 54.4 59.7 62.2 69.7 65.6 54.0 65.2 63.2 55.0

Industrial processes 

(excluding F-gases)

5.0 4.9 4.5 4.3 4.3 4.5 4.5 4.8 5.0 4.8 4.9 4.9 4.9 4.9 5.2 5.4 5.3 5.4 5.7 6.0

F- gases 0.10 0.09 0.07 0.04 0.03 0.04 0.10 0.15 0.24 0.30 0.40 0.57 0.72 0.53 0.72 0.74 0.91 0.80 0.95 1.05

Solvent and other 

product use

0.18 0.18 0.17 0.16 0.15 0.15 0.14 0.14 0.14 0.14 0.14 0.12 0.12 0.11 0.10 0.11 0.11 0.10 0.10 0.09

Agriculture 7.1 6.6 6.2 5.8 5.9 5.9 6.0 6.0 6.0 5.8 5.7 5.8 5.8 5.8 5.8 5.7 5.7 5.7 5.7 5.8

Waste 4.0 4.0 4.0 4.0 4.0 4.0 3.9 3.8 3.7 3.6 3.5 3.3 3.1 2.9 2.8 2.6 2.4 2.5 2.4 2.2

TOTAL 71.0 70.3 68.2 66.7 68.8 74.2 70.8 76.8 75.2 71.7 71.0 69.1 74.3 76.5 84.2 80.2 68.4 79.7 78.1 70.1

Land use, land-use 

change and forestry

NA -16.0 -29.5 -22.7 -20.9 -12.7 -14.1 -24.0 -20.3 -18.4 -21.3 -22.6 -26.3 -26.9 -27.4 -28.9 -32.8 -37.9 -30.7 -35.4

 
(Note: Due to rounding the sum of subtotals does not necessarily equal to total figures.)  
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Energy related CO2 emissions vary much in Finland, mainly according to the economic trend, the energy supply 

structure and climate conditions. Total consumption of energy in Finland amounted to 1.42 terajoules (TJ) in 

2008, which was 4.2 per cent less than in 2007. Contraction of industrial output and mild weather brought the 

consumption of energy down from the previous year. The replacement of coal condensing power with hydro 

power in the production of electricity also reduced significantly the total consumption of primary energy and 

carbon dioxide emissions. The share of renewable energy rose by nearly three percentage points and amounted 

to 28 per cent of total energy consumption in 2008. 

 

In Norway and Sweden the water reservoirs fell below their long-term average towards the end of the year, 

which reduced electricity imports from these countries. At the end of 2008 Finland was a net seller on the 

Nordic electricity market. However, electricity imports from Russia and Estonia increased, and the net imports 

of electricity grew slightly compared to the previous year. The net imports of electricity covered 15 per cent of 

total electricity consumption (Energy Statistics 2009). 

 

Emissions in the Industrial Processes sector show a growing trend, in the beginning of the time-series several 

plants were closed down due to economic recession. Since 1993 the emissions from industrial processes have 

been growing. Emissions in the Agriculture and Waste sectors have decreased since 1990. The decrease can 

largely be attributed to changes in waste legislation, implementation of the Landfill Directive (1999/31/EC), and 

changes in agricultural policy and farming subsidies. 

 

The LULUCF sector in Finland has been a net sink during the whole reporting period in 1990-2008 as the 

removals in the sector exceed the emissions. Most of the removals in the LULUCF sector come from forest 

growth; the tree volume increment exceeds annual harvesting and natural mortality. The increment of the 

growing stock has increased in Finland since 1990. Annual variations in the drain (forest harvesting and natural 

losses) have been considerable. Also, the dead organic matter pool has been a significant sink during the 

reporting period. The largest emissions in the LULUCF sector come from changes in soil organic carbon in 

organic forest and agricultural soils. 

  

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

The greenhouse gas emissions and removals are divided into the following reporting categories according to the 
Updated UNFCCC reporting guidelines on annual inventories following incorporation of the provisions of 

decision 14/CP.11 (UNFCCC 2006): Energy (CRF 1.A), 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). 

 

The composition of Finnish greenhouse gas emissions in 2008 is presented in Figure ES.3_1. 
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20%

Transport
25%

Households, services etc.
9%

Fugitive
0.3%

Other
2%

Energy
78%

Figure ES.3_1 The composition of Finnish greenhouse gas emissions in 2008 (LULUCF sector excluded).  Due 

to independent rounding the sums do not add up.  

  

The energy sector is the most significant source of greenhouse gas emissions in Finland with an around 78% 

share of the total emissions in 2008. This reflects the high energy intensity of the Finnish industry, extensive 

consumption for a long heating period, as well as energy consumption for transport in a large and sparsely 

inhabited country. Energy-related CO2 emissions vary mainly according to the economic trend, the energy 

supply structure and climate conditions. The total primary energy supply decreased in 2008 by 4% compared 

with the previous year.  

 

The emissions from industrial processes (referred to as non-energy related ones), including CO2, CH4, N2O and 

F-gases, were 10% of total greenhouse gas emissions in Finland in 2008, being the second largest source of 

greenhouse gas emissions. Emissions from the process industry have increased by about 41% (~2.0 Tg CO2 eq.) 

since 1990, but their share from the total greenhouse gas emissions has remained relatively constant (6 to 10 per 

cent of total emissions). The increase in the emissions from industrial processes is largely consistent with the 

economic trend, even if the factors influencing the emissions are more diverse. 

 

Agriculture is the third most significant source of greenhouse gas emissions in Finland. In 2008 agricultural 

emissions accounted for approximately 8% (5.8 Tg CO2 eq.) of 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 by 12% since 1990 due to decreases in the cultivation of organic soils, in the 

number of livestock and in nitrogen fertilisation. Changes in the agricultural policy and farming subsidies have 

had a significant influence on the agricultural activities and hence the emissions from this sector.  

 

The waste sector accounted for 3% (2.2 Tg CO2 eq.) of total Finnish greenhouse gas emissions in 2008. 

Emissions from the waste sector consist of CH4 and N2O emissions and they have had a decreasing trend since 

1990. Overall, the annual emissions in the waste sector have decreased by almost 45% since the 1990 level. The 

decrease has been mainly due to the implementation of the Waste Act introduced in 1993, which requires 

increased recycling and recovery of waste as material or energy. 

 

The contribution of emissions from solvents and other product use to the Finnish greenhouse gas emissions is 

small, about 0.1% of the total greenhouse gas emissions in Finland.  

 

Indirect N2O emissions caused from N deposition of NOx emissions are reported in the category Energy in the 

Finnish inventory. These contribute less than 0.3% to the total emissions. 

 

The LULUCF sector is a net sink in Finland. The net sink in the LULUCF sector has varied from approximately 

20% to 50% of the annual emissions from the other sectors during 1990-2008 (Figure ES.3_3). Most of the 

removals in the LULUCF sector come from forest growth. The annual increment of trees has increased steadily 
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for which reason the CO2 uptake has also grown. The total drain of trees is very much affected by commercial 

fellings and the global market situation. In 2007 commercial roundwood fellings were at exceptional high level 

of nearly 58 million m
3
. The increase in fellings compared to the earlier year was 14% (Finnish Forest Research 

Institute, 2008). This is main reason for decrease in net sink of LULUCF sector in 2007. 
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 Figure ES.3_2. Greenhouse gas emissions in Finland in 1990-2008 by reporting sector (Tg CO2 eq.).  
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Figure ES.3_3. Net CO2 equivalent emissions of greenhouse gases in 1990-2008 (emissions plus removals). 

Emissions are positive and removals negative quantities.  
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ES.4 Background information and summary of emission and 
removals from KP-LULUCF activi t ies 
 

Finlandôs emission limitation target for the Kyoto Protocolôs first commitment period (CP, 2008-2012) is to 

limit its greenhouse gas emissions to the same average level as the emissions in the base year.  Finlandôs base 

year is 1990, except for F-gas emissions for which the year 1995 was selected. The assigned amount for the first 

CP is 355 017 545 tonnes CO2 equivalents, which is approximately 71 million tonnes CO2 eq. annually on 

average.  

  

For the LULUCF activities under Article 3. paragraphs 3 and 4, of Kyoto Protocol Finland has chosen 

commitment period accounting. Thus the accounting quantity will be reported only in the annual report 

submitted for the last year of the CP (in 2014) and calculated over the entire CP. Article 3.3 covers direct, 

human induced afforestation (A), reforestation (R) and deforestation activities, and accounting of these activities 

is mandatory. Under Article 3.4 Finland has elected the activity Forest Management (FM) for optional 

accounting of the first CP. Net removals from FM activity can be used to compensate net emissions from 

activities under Article 3.3., and thorugh the issuance of removal units (RMUs) up to a cap value. Finlandôs cap 

value for the CP is 2,933,333 tonnes CO2 equivalents. 

 

Net emissions from ARD activities in 2008 were 1.75 million tonnes CO2 eq, and net removals from FM 

activity were 39.9 million tonnes  CO2 eq, (Table ES.4_1). CH4 and N2O emissions from biomass burning of 

AR activities are included under FM, data for analysing burned areas concerning AR activities separately from 

FM activity were not available. Based on the estimates for the first year of the CP Finland would be able to 

issue RMUs 0.58 million tonnes CO2 eq. (cap value divided by 5) for this year at the end of the CP. 

 

Table ES.4_1 Emissions and removals resulting from activities under Article 3.3 and 3.4 of Kyoto Protocol 

Net CO2 

emissions/removals
CH4 N2O

Net CO2 eq. 

emissions/removals

A. Article 3.3 activities 1 750

A.1. Afforestation and Reforestation -1 077 -1 077

A.1.1. Units of land not harvested since the beginning

          of the commitment period

-1 077 IE IE -1 077

A.1.2. Units of land harvested since the beginning

         of the commitment period

NA NA NA NA

A.2. Deforestation 2 821 NA 0.02 2 827

B. Article 3.4 activities -39 886

B.1. Forest Management -39 921 0.06 0.11 -39 886

B.2. Cropland Management NA NA NA NA

B.3. Grazing Land Management NA NA NA NA

B.4. Revegetation NA NA NA NA
1 IE (included elsewhere), NA (not applicable) 
2 the signs for removals are  negative (-) and for emissions 

positive (+)

GREENHOUSE GAS SOURCE AND SINK ACTIVITIES 1,2

(Gg)
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1 INTRODUCTION 

1.1 Background information on greenhouse gas inventories and 
cl imate change 

1.1.1 Greenhouse gas inventories 
 

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. Finlandôs National Greenhouse Gas Inventory System was 

set up at the beginning of 2005. 

 

The national system produces data and background information on emissions and removals for the UNFCCC, 

the Kyoto Protocol 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 Decision of the European Parliament and of the Council concerning a mechanism for monitoring 

Community greenhouse gas emissions and for implementing the Kyoto Protocol obliges the Member States 

(MS) of the European Union (EU) to participate in the compilation of the EUôs 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 with annual deadlines 

for submission 15 January and 15 March.  

 

This National Inventory Report (NIR) of Finland for the 2010 submission to the EU, the UNFCCC and the 

Kyoto Protocol 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).  

 

CO2 emissions (so-called indirect CO2 emissions) resulting from atmospheric oxidation of CH4 and NMVOC 

emissions from fossil sources are also included in the inventory. These have been separately estimated for 

fugitive emissions in the Energy sector and sources in the Industrial Process and Solvent and Other Product Use 

sectors using the methodology given in the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 

(IPCC 2006, see Section 7.2.1.5). For other sources, such as fossil fuel combustion, these emissions are included 

in the methodology to estimate the ñdirectò CO2 emissions. The estimation and reporting of indirect CO2 

emissions are also addressed in the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories 

(IPCC 1997) and the UNFCCC reporting guidelines on annual inventories (UNFCCC 2006).  

 

The NIR includes also estimates of so-called indirect greenhouse gases (CO, NOx and NMVOCs) and SO2 

(actually SO2 meaning sulphur oxides and other sulphur emissions calculated as SO2). Indirect greenhouse gases 

and sulphur dioxide do not have a direct warming effect, but influence on the formation or destruction of direct 

greenhouse gases, such as troposheric ozone. These gases are not included in Annex A of the Kyoto Protocol.  

 

The emission estimates and removals are presented by gas and by source category and refer to the year 2008. 

Full time series of the emissions and removals from 1990 to 2008 are included in the submission.  

 

The structure of this NIR follows the UNFCCC reporting guidelines on annual inventories (UNFCCC 2006). 

The annotated outline of the NIR, and the guidance contained therein, developed by the UNFCCC secretariat in 

2009, has been followed only partly. Chapter 1 provides an introduction to the background of greenhouse gas 

inventories and the inventory preparation process and Chapter 2 presents the overall emission trend in Finland 

from the year 1990 to the year 2008. In Chapters 3-9 more detailed information of GHG emission estimates are 

given for the seven sectors: (i) energy, (ii) industrial processes, (iii) solvent and other product use, (iv) 

agriculture, (v) land use, land-use change and forestry, (vi) waste, and (vii) other. In Chapter 10 improvements 

and recalculations since the previous submission are summarised. Chapter 11 provides description of KP-
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LULUCF, Chapter 12 information on accounting of KYOTO units, Chapter 13 information on changes in 

national system and Chapter 14 information on changes in national registry. Chapter 15 gives information on 

minimisation of adverse impacts in accordance with Article 3, paragraph 14. Annex 1 contains the mandatory 

key category reporting tables, the information which is also provided in summary form in Section 1.5 and CRF 

table 7. In Annex 2 the VAHTI emission database of Finlandôs environmental administration is described. 

Annex 3 discusses the applicability of the IPCC default CO2 emission factor for coal to Finnish circumstances. 

Assessment of completeness and (potential) sources and sinks of greenhouse gas emissions and removals 

excluded is included in Annex 4. Annex 5 contains the mandatory uncertainty reporting table (table 6.1 of Good 

Practice Guidance 2000), and additional information on Tier 2 uncertainty analysis as well as sensitivity 

analysis. Annex 6 includes additional information to be considered as part of the annual inventory submission 

and the supplementary information required under Article 7, paragraph 1, of the Kyoto Protocol or other useful 

reference information. 

1.1.2 Climate change 
 

Over the past century, atmospheric concentrations of carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) 

and halogenated hydrocarbons, i.e. greenhouse gases, have increased as a consequence of human activity. 

Greenhouse gases prevent the radiation of heat back to space and cause warming of the climate. According to 

the Fourth Assessment Report of the International Panel of Climate Change (IPCC 2007), the atmospheric 

concentrations of CO2 have increased by 35%, CH4 concentrations have more than doubled and N2O 

concentration has risen by 18%, compared with the pre-industrial era.  

 

Changing climate has effects on both human and natural systems (e.g. human settlements, human health, water 

and food resources, ecosystem and biodiversity). Some of the effects on environmental and socio-economic 

systems will be beneficial, some damaging. 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 resilience 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. According to Finlandôs National Strategy for adaptation to climate change from the year 2005 

(Ilmastonmuutoksen kansallinen sopeutumisstrategia 2005) the average temperature in Finland could rise by 

about 4-6°C and the average precipitation grow by 15%ï25% by the year 2080. Extreme weather events, such 

as storms, droughts and heavy rains, are likely to increase.  

1.1.3 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. The Kyoto Protocol negotiated in 1997 under the UN Framework 

Convention on Climate Change was ratified by the EU and Finland in May 2002. The Kyoto protocol took 

effect on 16 February 2005 and became legally binding. Under the Kyoto Protocol Finlandôs commitment, as 

part of the ECôs common emission reduction target and burden sharing agreement, is 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
1
.  

 

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 not 

controlled by the Montreal Protocol. The guidelines for national systems under Article 5, paragraph 1, of the 

Kyoto Protocol (Decision 19/CMP.1) provide the requirements for the general and specific functions of the 

national systems. Finlandôs inventory system was established on 1 January 2005, and reviewed successfully as 

part of the review of the Finlandôs initial report under Protocol in 2007.  

 

Under the UNFCCC and the Kyoto Protocol, Finland is required to submit annually to secretariat of the 

Convention a national greenhouse gas inventory covering emissions and removals of direct greenhouse gases 

from the six sectors (Energy, Industrial processes, Solvent and other product use, Agriculture, Land use, Land-

                                                      
1 Finlandôs base year under the Kyoto Protocol is 1990. However, in accordance with Article 3, 

paragraph 8 of Kyoto Protocol Finland has elected 1995 as the base year for emissions of  

hydrofluorocarbons, perfluorocarbons and sulphur hexafluoride. 
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use change and Forestry and Waste) and for all years from the base year or period to the most recent year. The 

preparation and reporting of the inventories are guided by the UNFCCC guidelines (UNFCCC 2006) and are 

based on the following IPCC methodologies to ensure the comparability, accuracy and completeness of the 

inventories; 

 

Á Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories (1996 IPCC GL) 

Á IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories 

2000 (GPG 2000) 

Á IPCC Good Practice Guidance for Land Use, Land Use Change and Forestry  2003 (GPG LULUCF 2003) 

 

The EUôs greenhouse gas monitoring mechanism (280/2004/EC) combines information on annual emission 

inventories, the climate strategy and the evaluation of the effects of the policy measures and planning of new 

measures into a dynamic process. The Commission decisions on the implementing provisions and rules of the 

monitoring mechanism (29 October 2004 and 10 February 2005) specify in detail the content of the reports to be 

submitted to the Commission. The rules and modalities for reporting of greenhouse gas inventory data are based 

on those applied in the reporting under the UNFCCC and Kyoto Protocol, supplemented with provisions for 

reporting to enable the assessment of actual and projected progress of the Community and its Member States to 

meet their commitments under the UNFCCC and the Kyoto Protocol. 
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1.2 A description of the insti tutional arrangement for inventory 
preparation 

1.2.1 National Greenhouse Gas Inventory System in Finland 
 

According to the Government resolution of 30 January 2003 on the organisation of climate policy activities of 

Government authorities, Statistics Finland assumes the responsibilities of the National Authority for Finlandôs 

greenhouse gas inventory from the beginning of 2005. In Finland the National System is established on a 

permanent footing and it guides the development of emission calculation in the manner required by the 

agreements. The national system is based on regulations concerning Statistics Finland, on agreements between 

the inventory unit and expert organisations on the production of emission estimates and reports as well as on co-

operation between the responsible ministries. 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. The National System for the Greenhouse Gas Inventory in Finland is presented in 

Figure 1.2-1 below
2
. Changes in national system since the previous submission have been described in the 

Annex 6. 

 

 

Figure 1.2-1 The National System for the Greenhouse Gas Inventory in Finland. 

 

                                                      
2 The detailed description of the National Greenhouse Gas Inventory System can be download at: 

http://stat.fi/greenhousegases 
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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 under the United Nations Framework 

Convention on Climate Change (UNFCCC) and the Kyoto Protocol. 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. The advisory board of 

the greenhouse gas inventory set up by the Statistics Finland ensures collaboration and information exchange in 

issues related to the reporting of greenhouse gas emissions under the UNFCCC and the Kyoto Protocol. The 

advisory board reviews the achieved quality of the inventory and decides about changes to the inventoryôs 

division of labour as agreed for the reporting sectors. In addition, the advisory board promotes 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 and EU). The advisory board is 

composed of representatives from the expert organisations and the responsible Government ministries. 

 

Statistics Finland 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 the review of the inventory, and publishes and archives the inventory results. 

Responsibilities of expert organisations 
 

Finlandôs 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 purchased services from VTT (Technical 

Research Centre of Finland) and Finavia (former Civil Aviation Administration). 

 

The agreements confirm the division of responsibilities recorded in the so-called reporting protocols and they 

specify the procedures and tasks for the annual inventory process co-ordinated by Statistics Finland. The 

reporting protocols are based on the areas of responsibility of the different expert organisations and on Finlandôs 

established practice for the preparation and compilation of the greenhouse gas emission inventory. The reporting 

sectors for which Statistics Finland is responsible are also defined in the protocols. The list of the reporting 

protocols and corresponding responsible organisations is presented in Table 1.2-1. 

 

Table 1.2-1 Reporting protocols and their responsible organisations. 

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)  VTT Technical Research Centre of Finland, Finavia 

(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  MTT Agrifood Research Finland 

I. Emissions from land use, land-use change and forestry  Finnish Forest Research Institute,  
MTT Agrifood Research Finland 

J. Emissions from waste treatment  Finnish Environment Institute 

L. Activities under Article 3, paragraphs 3 and 4 of the Kyoto 
Protocol (ARD and FM) 

 Finnish Forest Research Institute,  
MTT Agrifood Research Finland 
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The reporting protocols are annexed to the description of the National Greenhouse Gas Inventory System in 

Finland which is available on the web: http://stat.fi/greenhousegases. The protocols describe the estimation 

process for the CRF sector or category(ies) in question using the following format: 

 

- Scope and definitions 

- CRF reporting categories 

- Organisation and responsibilities 

- Estimation methods 

- Data sources and responsible organisations 

- QA/QC 

- Uncertainty estimation 

- Reviews 

- Annual schedule. 

 

The reporting protocols are under review. Protocols H and I were updated in 2008. Protocol L addressing the 

reporting of emissions and removals under Article 3, paragraph was added to the list of protocols, also in 2008. 

The updates reflect the current estimation and reporting practices as well as planned improvements. 

The role of responsible ministries and Energy Market Authority in the national system 

The resources of the National System for the participating expert organisations are channelled through the 

relevant ministriesô performance guidance (Ministry of the Environment and Ministry of Agriculture and 

Forestry). In addition, other ministries participating in the preparation of the climate policy advance in their 

administrative branch that the data collected in the 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. Statistics Finland assists in the technical 

preparation of the policy reporting. Statistics Finland also compiles technically the National Communications 

under the UNFCCC and the Kyoto Protocol. Separate agreements have been made on the division of 

responsibilities and co-operation between Statistics Finland and the ministries. The agreement between Statistics 

Finland and the Ministry of the Environment were updated in 2008. The agreements between Statistics Finland 

and the Ministry of Employment and the Economy and between Statistics Finland and the Ministry of Transport 

and Communications Finland will be updated in 2010.  

The Energy Market Authority is the National Emissions Trading Authority in Finland, and supervises the 

monitoring and reporting of the emissions data under the European Emission Trading Scheme (EU ETS) and the 

Kyoto Protocol. Statistics Finland and the Energy Market Authority concluded an agreement in 2006 on 

collaboration between the national inventory system and registry, including a division of the responsibilities 

relating to reporting. The agreement between the Energy Market Authority and Statistics Finland will also be 

updated during 2010. 

http://stat.fi/greenhousegases
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1.2.2 National Registry 
 

The description for the national registry for initial report under the Kyoto Protocol was provided to UNFCCC 

secretariat as part of Finlandôs initial report under the Kyoto Protocol (an updated description can be 

downloaded at http://stat.fi/greenhousegases). The registry was connected to the international transaction log 

(ITL) of the UNFCCC secretariat in October 2008. Changes in the national registry in 2009 are addressed in 

Chapter 14. 

 

The Energy Market Authority is responsible for national registry, the internal reporting system and database 

management. The registry administrator, senior Engineer (D.Sc.) Jouko Hepola in the Energy Market Authority 

is responsible for the registry system. The company WM-data is responsible for hosting the registry production 

servers (network connectivity and VPN devices) and providing data communication services to the production 

environment. Innofactor Ltd. is responsible for application-level management, including core software, 

localization and environment and registry test/preproduction servers. 

 

The Energy Market Authority is committed to produce the necessary information on emission reduction units, 

certified emission reductions, temporary certified emission reductions, long-term certified emission reductions 

and assigned amount units and removals units for annual inventory submissions in accordance with the 

guidelines for preparation of information under Article 7 of the Kyoto protocol. This reporting has been done 

using so-called standard electronic tables (SEF), which are also addressed in Chapter 14.  

http://stat.fi/greenhousegases
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1.3 Brief description of the process of inventory preparation 
 

The UNFCCC, the Kyoto Protocol and the EUôs greenhouse gas monitoring mechanism require Finland to 

submit annually a National Inventory Report (NIR) and Common Reporting Format (CRF) tables. The annual 

submission contains emission estimates for the second but last year, so that the 2010 submission contains 

estimates for the calendar year 2008. 

 

The organisation of the preparation and reporting of Finlandôs 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 estimates following the division of labour defined in the reporting protocols (Table 1.2-1) and 

according to the UNFCCC guidelines. Statistics Finland compiles from the data produced by expert 

organisations national reporting 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 annual inventory is submitted to the Commission by 15 January. The Member States may complement and 

update their submission by 15 March. The greenhouse gas inventory is submitted to the UNFCCC Secretariat by 

15 April. The joint EU inventory is compiled from the Member Statesô submissions and it is also 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.  
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1.4 Brief general description of the methodologies and data 
sources used  
 

The methodologies used for the Finnish greenhouse gas inventory are consistent with the Revised 1996 IPCC 

Guidelines for National Greenhouse Gas Inventories (IPCC 1997) and IPCC Good Practice Guidance (IPCC 

2000) and IPCC Good Practice Guidance for Land Use, Land Use Change and Forestry (IPCC 2003). Detailed 

descriptions of the methodologies used can be found as sector specific from Chapters 3 to 9. 

 

A specific feature of the Finnish system is its extensive use of bottom-up data. This is especially true in the case 

of the energy (excluding transport) and industrial processes sectors, where emissions originate from point 

sources. For these sources simple equations that combine activity data with emission factors are used. Different 

sources in the transport, agriculture and LULUCF sectors necessitate the use of more complicated equations and 

models. Table 1.4-1 summarises the most important data sources used in the inventory. 

 

Table 1.4-1 Main data sources used in the Finnish greenhouse gas inventory.   

Sector Main data sources 

1.A Energy: Fuel combustion VAHTI system 
Energy Statistics, Yearbook 2008 (Statistics Finland) 
Surveys: electricity production, district heating plants, energy consumption of 
the manufacturing industry 
LIPASTO and TYKO models of VTT, Finavia 
Energy Market Authority (ETS emission data) 

1.B Fugitive emissions Energy Statistics (Statistics Finland) 
Individual companies 

2. (I) Industrial processes Energy Market Authority (ETS emission data) 
Industrial statistics database 
VAHTI system 
Individual production plants 

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

3. Solvents and other product use VAHTI system 
ULTIKA/ULJAS, import statistics of Finland 
Association of Finnish Paint Industry 
Individual companies 
Published literature 

4. Agriculture Matilda database of the 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) 
Finnish Statistical Yearbook of Forestry 
Yearbook of Farm Statistics 
Association of Finnish Peat Industry 
VAHTI system 
Published literature 

6. Waste VAHTI system 
Water and Sewage Works Register 
Register for Industrial Water Pollution Control 
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The VAHTI system of Finlandôs environmental administration is one of the main data sources used in the 

inventory (especially in the Energy and Waste sectors). The VAHTI system functions as a tool for the 13 

regional environment centres in their work on processing and monitoring environmental permits. The data 

system contains information on the clients (more than 31,000) required by the environmental permits, such as: 

- identification 

- contact persons 

- respective authorities 

- licence 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 

- rawmaterials. 

 

A more detailed description of VAHTI is included in Annex 2. 

 

The EU ETS data obtained from the Energy Market Authority has become an increasingly important source of 

activity and emission data for the inventory. It has been used as prime source of activity data (especially for 

emissions in the Industrial process sector) and for comparison of fuel consumption and CO2 emissions of 

specific installations (mainly energy emissions). During 2005ï2007, Finland has implemented the Directive 

2003/87/EC of the European Parliament and of the Council establishing a scheme for greenhouse gas emission 

allowance trading within the Community with the Emissions Trading Act. The Emissions Trading Act is applied 

to CO2 emissions from combustion installations with a rated thermal input of more than 20 MW, smaller 

combustion installations connected to the same district heating network, mineral oil refineries and coke ovens, 

as well as of certain installations and processes of the steel, mineral and forest industries. An installation 

belonging to emissions trading scheme needs an emissions permit, pursuant to which it has the right to emit CO2 

into the atmosphere. The issuance of permits lies with the Energy Market Authority. In Finland, the number of 

installations needing a permit has been around 530 during the first period of the EU ETS.  
 

The Commission has specified the interpretation of the Directiveôs scope for the second period in its guidelines 

concerning the period 2008-2012. According to that the scope of emissions trading will expand in Finland to 

involve petrochemical cracking installations and mineral wool production. There is no carbon black production 

referred to by the Commission in Finland. At the moment there are about 600 installations, which need a permit. 
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1.5 Brief description of the key categories  
 

This section provides an overview of key categories. The detailed reporting tables required by the official 

UNFCCC reporting guidelines are provided in Annex 1 of this report. All of the reporting tables are structured 

following IPCC (2003). 

 

Using tables 7.1 and 5.4.1 of IPCC (2000) and IPCC (2003) as a basis, the key category analysis consists of 127 

category-gas combinations. This is a more detailed categorisation than suggested, but it better reflects the 

methodologies used and the national circumstances. One exception is the energy sector, where the 

disaggregation for CO2 emissions from stationary combustion is down to the level where CRF fuels types 

(liquid, gaseous, solid, and other fuels) are distinguished. A detailed discussion of and justification for the 

disaggregation is provided in Monni (2004). 

 

Finland reports the results of the Tier 2 key category analysis (IPCC 2000, 2003), which means that the analysis 

accounts for uncertainties. The goal is to screen the long list of category-gas combinations, and find those that 

are the most important in terms of the emissions level and the trend. This short list (Table 1.5-1) is then used to 

select candidates for closer scrutiny (see Section 1.7). The key categories are also subject to more detailed 

documentation and quality control. 

 

IPCC (2000, 2003) also suggest identifying key categories based on qualitative criteria. However, none were 

identified for the present submission. 

 

The key categories of Table 1.5-1 are also found in CRF table 7. 
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Table 1.5-1 Key categories identified using Tier 2 methodology. Detailed reporting tables can be found in Annex 1 

IPCC Greenhouse Gas Source and Sink Categories Direct greenhouse gas Key category Criteria for identification Comments 

1.A. Fuel Combustion - gaseous fuels CO2 Yes Level (2008), trend .. 

1.A. Fuel Combustion - liquid fuels CO2 Yes Level (1990, 2008), trend .. 

1.A. Fuel Combustion - other fuels CO2 Yes Level (1990, 2008), trend .. 

1.A. Fuel Combustion - solid fuels CO2 Yes Level (1990, 2008), trend .. 

1.A.1 Energy Industries - biomass N2O Yes Trend .. 

1.A.1 Energy Industries - other fuels N2O Yes Trend .. 

1.A.3.b.  Road Transportation - diesel N2O Yes Level (2008), trend .. 

1.A.3.b.  Road Transportation - gasoline - cars with catalytic converters N2O Yes Level (1990, 2008), trend .. 

1.A.3.b.  Road Transportation - gasoline - cars without catalytic converters N2O Yes Level (1990), trend .. 

1.A.4. Other Sectors - biomass CH4 Yes Level (1990, 2008), trend .. 

1.A.5 Other - other fuels (mostly indirect N2O from NOx) N2O Yes Level (1990, 2008) .. 

1.A.5. Other - other fuels CH4 Yes Level (1990, 2007) .. 

2.B.2 Nitric Acid Production  N2O Yes Level (1990, 2008), trend .. 

2.C.1 Iron and Steel production CO2 Yes Level (1990, 2008), trend .. 

2.F.1.  Refrigeration and Air Conditioning Equipment  HFCs, PFCs Yes Level (2008), trend .. 

2.F.8  Electrical Equipment SF6 Yes Trend .. 

4.A.Enteric fermentation CH4 Yes Level (1990, 2008), trend .. 

4.B.Manure management N2O Yes Level (1990, 2008), trend .. 

4.D.Agricultural soils: direct emissions, animal production and sludge spreading N2O Yes Level (1990) .. 

4.D.Agricultural soils: indirect emissions N2O Yes Level (1990, 2008), trend .. 

5.A.1. Forest Land remaining Forest Land - net carbon stock change in living biomass CO2 Yes Level (1990, 2008), trend .. 

5.A.1. Forest Land remaining Forest Land - net carbon stock change in mineral soils CO2 Yes Level (1990, 2008), trend .. 

5.A.1. Forest Land remaining Forest Land - net carbon stock change in organic soils CO2 Yes Level (1990, 2008), trend .. 

5.A.2. Cropland converted to Forest Land - net carbon stock change in living biomass CO2 Yes Level (1990, 2008), trend .. 

5.A.2. Cropland converted to Forest Land - net carbon stock change in organic soils CO2 Yes Level (1990), trend .. 

5.A.2. Grassland converted to Forest Land - net carbon stock change in living biomass CO2 Yes Level (1990, 2008), trend .. 

5.A.2. Grassland converted to Forest Land - net carbon stock change in organic soils CO2 Yes Level (2008), trend .. 

5.A.2. Settlements converted to Forest Land - net carbon stock change in mineral soils CO2 Yes Level (1990), trend .. 

5.A.2. Settlements converted to Forest Land - net carbon stock change in organic soils CO2 Yes Level (2008) .. 

5.A.2. Wetlands converted to Forest Land / drained-WL - organic soils CO2 Yes Level (2008) .. 

5.B.1. Cropland Remaining Cropland - net carbon stock change in mineral soils CO2 Yes Level (2008), trend .. 

5.B.1. Cropland Remaining Cropland - net carbon stock change in organic soils CO2 Yes Level (1990, 2008), trend .. 

5.B.2 Forest Land converted to Cropland / organic soils - net carbon stock change in organic soils CO2 Yes Level (2008), trend .. 

5.B.3 Wetlands converted to Cropland - net carbon stock change in organic soils CO2 Yes Trend .. 

6.A. Solid Waste disposal on Land CH4 Yes Level (1990, 2008), trend .. 

6.B.2 Domestic and Commercial Wastewater - densely populated areas N2O Yes Level (1990, 2008) .. 
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1.6 Information about the QA/QC plan including veri f ication 
and treatment of confidential i ty issues 
 

This section presents the quality objectives and the QA/QC plan for the Finnish greenhouse gas inventory at 

the national inventory level. Source-specific QA/QC details are discussed in the relevant sections of this 

NIR. 

1.6.1 Quality management is implemented in a structured way 
 

The objective of Finlandôs GHG inventory system is to produce high-quality GHG inventories. As a national 

statistical office Statistics Finland and its Greenhouse gas inventory unit are committed to quality. The 

quality framework based on the European Statistics Code of Practice and Statistics Finland's Guidelines on 

Professional Ethics (the documents are available on the web: 

http://tilastokeskus.fi/org/periaatteet/index_en.html) supports the GHG inventory quality management.  

 

Statistics Finland has the overall responsibility for the GHG inventory in Finland, including the 

responsibility for co-ordinating the quality management measures at the national level. The quality co-

ordinator steers and facilitates the quality assurance and quality control (QA/QC) process. The expert 

organisations contributing to the production of emission or removal estimates are responsible for the quality 

of their own inventory calculations. Experts on each inventory sector implement and document the QA/QC 

procedures. 

 

All the participating organisations are represented in the inventory working group set up to support the 

process of producing annual inventories and the fulfilment of reporting requirements. The working group 

advances collaboration and communication between the inventory unit and the experts in charge of the 

different reporting sectors and ensures the implementation of the QA/QC process of the inventory. Statistics 

Finland has also set up an advisory board that functions as a higher level forum for collaboration and 

communication with the parties involved in the national system. 

 

Issues related to QA/QC are discussed at the meetings of the inventory working group (4-7 meetings per 

year) and at the bilateral quality meetings between the inventory unit and the expert organisations (once a 

year). The main findings and conclusions concerning the inventoryôs quality and improvement needs are 

communicated to the advisory board. 

 

An electronic quality manual including e.g. guidelines, plans, templates and checklists is in place and 

available to all parties of the national inventory system via the Internet. 

 

Statistics Finland bears the responsibility for archiving the quality manual and for submissions of annual 

inventories (CRF tables and NIR). Expert organisations contributing to the sectoral calculations archive the 

primary data used, internal documentation of calculations (including the sector-specific QC checklists) and 

sectoral CRF tables. 

 

Statistics Finland co-ordinates the participation of the partners of the national system in the reviews, as well 

as responses to issues raised by the reviews of the UNFCCC Secretariat. 

 

1.6.2 Inventory process 
 

The annual inventory process set out in Figure 1.6-1 illustrates at a general level how the inventory is 

produced within the national system. The quality of the output is ensured by inventory experts during 

compilation and reporting, which consists of four main stages: planning, preparation, evaluation and 

improvement. The quality control and quality assurance elements are integrated into the inventory 

production system, which means that each stage of the inventory process includes relevant procedures for 

quality management. 

 

http://tilastokeskus.fi/org/periaatteet/index_en.html
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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. 

 

 

Figure 1.6-1 Inventory process. 

1. Inventory Planning
- setting quality objectives

- elaboration of QA/QC plan

- specifying necessary processes and resources

- selecting methods and emission factors

4. Inventory Improvement
- quality meetings

- assessing the effectiveness

of the inventory system
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4. Act 1. Plan

Continuous
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material

- reporting

3. Inventory Evaluation
- implementing QA activities
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expert peer reviews

- verification

- reviews of international review teams

Inventory Principles:

Continuous Improvement - Transparency - Consistency
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/ throughout the year
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1.6.3 QA/QC process 
 

In the context of greenhouse gas inventories, high quality means that the structure of the national system (i.e. 

all institutional, legal and procedural arrangements) for estimating greenhouse gas emissions and removals 

and the content of the inventory submissions (i.e. outputs, products) comply with the requirements and 

principles. 

 

The starting point for accomplishing a high-quality GHG inventory is consideration of the expectations and 

requirements directed at the inventory. The quality requirements set for the annual inventories - 

transparency, consistency, comparability, completeness, accuracy, timeliness and continuous improvement - 

are fulfilled by implementing the QA/QC process consistently (Figure 1.6-2). 

 

 

Figure 1.6-2 QA/QC process of the inventory. 

Quality planning includes setting of quality objectives and planning the QC and QA procedures 
 

The inventory planning stage includes the setting of quality objectives and elaboration of the QA/QC plan 

for the coming inventory preparation, compilation and reporting work. 

 

The setting of quality objectives is based on the inventory principles. Quality objectives are specified 

statements about the quality level that is aimed at in the inventory preparation with regard to the inventory 

principles. The objectives aim to be appropriate and realistic while taking into account the available 

resources and other conditions in the operating environment. Where possible, quality objectives should be 

measurable. 

 

The quality objectives regarding all calculation sectors for the 2008 inventory were the following: 

1. Continuous improvement 

 1.1. Treatment of review feedback is systematic 

 1.2. Improvements promised in the National Inventory Report (NIR) are carried out 

 1.3. Improvement of the inventory is systematic 

 1.4. Inventory quality control (QC) procedures meet the requirements 

 1.5. Inventory quality assurance (QA) is appropriate and sufficient. 

2. Transparency 

 2.1. Archiving of the inventory is systematic and complete 

 2.2. Internal documentation of calculations supports emission and removal estimates 

2.3. CRF tables and the National Inventory Report (NIR) include transparent and appropriate 

descriptions of emission and removal estimates and of their preparation. 

3. Consistency 

 3.1. The time series are consistent 

 3.2. Data have been used in a consistent manner in the inventory. 

4. Comparability 

 4.1. The methodologies and formats used in the inventory meet comparability requirements. 

5. Completeness 

 5.1. The inventory covers all the emission sources, sinks, gases and geographic areas. 

Consideration of inventory principles
Continuous improvement - Transparency - Consistency - Comparability - Completeness - Accuracy - Timeliness
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6. Accuracy 

 6.1. Estimates are systematically neither higher nor lower than the true emissions or removals 

 6.2. Calculation is correct 

 6.3. Inventory uncertainties are estimated. 

7. Timeliness 

 7.1. High-quality inventory reports reach their receivers (EU / UNFCCC) within the set time. 

 

The quality objectives and the planned general QC and QA procedures regarding all sectors are set in the 

QA/QC plan. This is a checklist that specifies the actions, schedules and responsibilities in order to attain the 

quality objectives and to provide confidence in the Finnish national system's capability to deliver high-

quality inventories. The QA/QC plan is written in Finnish and updated yearly. The QA/QC plan is part of the 

electronic quality manual of the inventory and archived according to the inventory unit's archive formation 

plan. 

 

In addition to the general QA/QC plan, the expert organisations use source-specific QC checklists and 

perform source-specific QA and verification. These lists are included in the internal documentation of the 

calculation. 

1.6.4 Quality control procedures aim at attainment of the quality objectives 
 

The QC procedures are performed by the experts during inventory calculation and compilation according to 

the QA/QC plan. 

 

The QC procedures used in Finlandôs GHG inventory comply with the IPCC Good Practice Guidance. 

General inventory QC checks (IPCC GPG 2000, Table 8.1 and IPCC GPG LULUCF 2003, Table 5.5.1) 

include routine checks of the integrity, correctness and completeness of the data, identification of errors and 

deficiencies and documentation and archiving of the inventory data and quality control actions. Category-

specific QC checks including technical reviews of the source categories, activity data, emission factors and 

methods are applied on a case-by-case basis focusing on key categories and on categories where significant 

methodological and data revisions have taken place. 

 

Once the experts have implemented the QC procedures, they complete the QA/QC form for each source/sink 

category, which provides a record of the procedures performed. Results of the completed QC checks are 

recorded in the internal documents for the calculation and archived in the expert organisations. Key findings 

are summarised in the sector-specific chapters of this NIR. 

 

In addition, the quality control of member statesô submissions conducted under the European Community 

GHG Monitoring Mechanism (e.g. completeness checks, consistency checks) produces valuable information 

on errors and deficiencies, and the information is taken into account before Finland submits its final annual 

inventory to the UNFCCC. 

1.6.5 Quality assurance comprises a planned system of review procedures 
 

The QA reviews are performed after the implementation of QC procedures concerning the finalised 

inventory. The QA system comprises reviews and audits to assess the quality of the inventory and the 

inventory preparation and reporting process, to determine the conformity of the procedures taken and to 

identify areas where improvements could be made. 

 

Specific QA actions differ in their viewpoints and timing. The actions include basic reviews of the draft 

report, quality meetings, internal audits, peer reviews, UNFCCC inventory reviews and data verifications. 

 

A basic review of the draft GHG emission and removal estimates and the draft report (i.e. a basic expert 

review of an inventory, Tier 1 QA according to the IPCC good practice guidance, Chapter 8.8) takes place 

before the initial submission to the EU (in November to December) and again before the final submissions to 

the EU and UNFCCC (January to March) by the inventory working group, the inventory unit and the 

advisory board. The 2010 initial submission to the EU has been reviewed in December 2009. 
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Bilateral quality meetings function as Tier 1 QA audits (as defined in the IPCC good practice guidance, 

Chapter 8.8). The bilateral quality meetings are being held between the inventory unit (the compiler) and the 

expert organisations (producing the inventory estimates and descriptions) in January to February 2010. The 

main objective of the quality meetings is to ensure that the experts have implemented the QC checks and 

procedures according to the QC plan and to evaluate the results and documentation of the procedures. 

Quality meetings follow a fixed agenda that include the following items: Implementation of the QC plan, 

Sector-specific QC including Tier 2 QC if relevant, Sector-specific QA and verification, Review feedback, 

Structure and transparency of the reporting (submission 2010, NIR and CRF tables), Improvement needs and 

projects, and Functioning of the national inventory system (e.g. resources for inventory preparation).  

 

Internal audits are sector-specific Tier 2 QA audits that have a specific viewpoint and timing in the QA 

system. They are extensive QA assessments that are focused on topical or otherwise important factors in one 

specific sector (not a submission) at a time, e.g. implementation of general and source-specific QC checks, 

QA and verification procedures, internal documentation or recalculations.  In internal audits representatives 

of the inventory unit visit the expert organisation to evaluate how effectively the actual activity and the 

results attained in the specific calculation sectors comply with the requirements.  Internal audits provide an 

in-depth analysis of the respective procedures taken to develop the inventory, and of the documentation 

available. Above all, the basic task of internal audits is to contribute to the improvement of an inventory in a 

longer term. Internal audits also contribute to learning and sharing of knowledge and good practices among 

the actors in the national system. The timing of internal audits is not dependent on the annual submissions: 

they are carried out throughout the year within the available resources. The first internal audit took place in 

the agriculture sector in November 2009. 

 

Peer reviews are sector or category-specific projects that are performed by external experts or expert groups. 

The reviewers should preferably be external experts who are independent of the inventory preparation. The 

reviewers may also be experts in other calculation sectors of the GHG inventory system. The objective of the 

peer review is to ensure that the inventory's results, assumptions and methods are reasonable, as judged by 

those knowledgeable in the specific field. Peer review activities that have been undertaken are described in 

the sector-specific chapters. 

 

Peer reviews may also be bilateral collaboration. For example, the Finnish and Swedish GHG inventory 

teams have met twice annually to exchange information, experiences and views relating to the preparation on 

the national GHG inventories. This collaboration also provides opportunities for bilateral peer reviews. The 

first step in this collaboration relating to quality assurance was an independent comparison and review of the 

emission factors in the energy sector in Swedish and Finnish inventories that was carried out from September 

to October 2006. The objectives of the review were to check whether the reporting and choice of emission 

factors were in accordance with the UNFCCC and IPCC guidelines and, in addition, to compare the emission 

factors used in Finland and Sweden, and to assess whether the differences (if any) were explainable and 

reasonable taking the national circumstances into account. 

 

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 to November 

2004. The cross-country review covered emission categories 1.A 1 and 1.A 2 in the Energy sector, and 

categories 4.A, 4.B and 4.D in the Agriculture sector. 

 

The UNFCCC inventory review teams co-ordinated by the UNFCCC Secretariat carry out international 

reviews of the inventory according to the annual schedule after the submission of the annual inventory 

report. The expert review teams produce yearly an independent review report on Finland's GHG inventory. 

 

Emission and activity data are verified by comparing them with other available data compiled independently 

of the GHG inventory system. These include measurement and research projects and programmes initiated to 

support the inventory system, or for other purposes but producing information relevant to the inventory 

preparation. Verification activities that have been undertaken are described in the sector-specific chapters. 

 

In addition to consideration of the special requirements of the guidelines concerning greenhouse gas 

inventories, development of the inventory quality management system has followed the principles and 

requirements of the ISO 9001 standard. ISO 9001 certification is under consideration. The certified quality 

management system would be subject to system audits conducted by external auditing organisations. In 
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system audits the conformity of the inventory quality management system is evaluated objectively against 

the requirements of the ISO 9001 standard. 

1.6.6 QA/QC process contributes to the improvement of the inventory 
 

The ultimate aim of the QA/QC process is to ensure the quality of the inventory and to contribute to the 

improvement of the inventory. At the improvement stage of the QA/QC process, conclusions are made on 

the basis of the realised QA/QC measures taken and their results. The main findings and conclusions 

concerning the inventoryôs quality and improvement needs are considered by the advisory board and 

communicated to the parties to Finlandôs GHG inventory system for decision-making concerning the next 

inventory round. 

1.6.7 Documentation and archiving 
 

Inventory documentation consists of inventory data and metadata (data explaining the calculated estimates). 

Documentation has a key role in the inventory quality management. Meeting the requirement of transparency 

requires systematic documentation. Careful documentation also facilitates external evaluation of the 

inventory. The goal is to make replication of the inventory possible for the expert reviewers, should it be 

necessary. Documentation also stands as evidence of the compliance and functionality of the National 

System. In addition, continuous, fact-based improvement of the inventory is steered by an analysis of the 

materials accumulated during the inventory process. 

 

The inventory documentation system consists of the following document types: 

 

1. The basic documents of the National System that are produced, updated and archived by Statistics Finland 

according to its archiving system (the system is described below): 

ï description of Finlandôs Greenhouse Gas Inventory System 

ï reporting protocols 

ï agreements related to the calculation 

ï quality manual. 

 

2. The annual inventory process documents by reporting sector, which are produced, updated and archived in 

the expert organisations responsible for the sectors according to the reporting protocols, such as: 

ï primary material for the calculation 

ï internal documents for the calculation. 

 

3. The whole inventory level documents of the annual inventory process, which are produced, updated and 

archived in the inventory unit according to Statistics Finlandôs archiving system: 

ï the general plan for compiling the inventory 

ï internal documents for compiling the inventory 

ï the CRF Reporter databases, the set of CRF tables and the National Inventory Report (NIR) 

ï the inventory improvement plan. 

 

The main archives of the greenhouse gas inventory unit are at Statistics Finland. The main archiveôs purpose 

is to fill the specific function mandated in the guidelines for national systems (UNFCCC Decision 20/CP.7, 

paragraphs 16 and 17): it holds all the important data, models and documentation needed in inventory 

development. Being situated in a single location, it aims to facilitate efficient review of the inventory and 

provide fast responses to questions posed by expert review teams during reviews. The greenhouse gas 

inventory unit has prepared a plan for archive creation that describes the records being archived and the 

manner they are preserved. According to the plan, the archiving takes place in May each year, after 

completion and submission of the inventory. This is when paper copies and electronically archived data are 

handed to the Library of Statistics, a division of Statistics Finland responsible for the preservation of records. 

In addition to the guidelines for national systems, Statistics Finland needs to comply with the general record 

management duties laid down in Finnish legislation (for instance, the Archives Act 831/1994). 

 

In addition to the main archive, the expert organisations have archives located in their own facilities. 

Typically, these organisations keep records of their work on the hard disks of individual expertsô desktop 

workstations, with copies on backed-up network servers. Electronic copies on CD-ROMs are also produced. 
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Some of the expert organisations have implemented their archival procedures according to their own plans 

of archive creation, with designated record identification numbers and systems for electronic storage and 

retrieval of records. 

 

Energy and Industrial processes 

 

In the Energy and Industrial processes sector (except F-gases and NMVOCs, which are calculated by the 

Finnish Environment Institute) documentation and annual inventory records are archived according to a plan 

for archive formation. The archives are located physically in the premises of Statistics Finland. The so-called 

passive archive holds copies of the submitted inventories. These copies are printed on paper and stored on 

CD-ROMs. In addition to this, there is an active archive on a backed-up network server. All data, models and 

documentation needed in inventory preparation are preserved in this archive. The above-mentioned plan for 

archive formation is stored in a database application, where it can be viewed, changed and searched for 

information needed in archives management. 

 

The archiving of inventory records for the category transport takes place as follows: 

1. All calculation results are filed as a paper copy to the official archive of VTT Technical Research 

Centre of Finland 

2. All calculation models (LIISA, RAILI, MEERI, and TYKO) including the calculation results and 

time series are yearly filed on a CD-ROM. One copy to the official archive of VTT Technical 

Research Centre of Finland and one copy to the responsible person (presently Kari Mäkelä) 

3. All information produced during the calculation process is included in VTTôs official back-up tapes 

and are stored for one year. 

 

The archiving of inventory records for the category civil aviation takes place as follows:  

 1. Calculation results and ILMI model documents are filed as a paper copy to the archive of Finavia's 

Environmental unit  

2. The ILMI model, including the calculation results and time series and all information produced 

during the calculation process are yearly stored in the specific folder in the server maintained by the 

Information and Communication Technology unit of Finavia. 

 

The archiving of inventory records for the category F-gases takes place as follows: 

1. Original survey responses of the sectoral inventory are archived in the Finnish Environment 

Institute's archives for confidential material. Responses of the two most recent inventory years are 

archived in the office of the sectoral expert. 

2. The surveyresponses received from the web-based data collection system are archived in the official 

electronic database (AHJO) of Finland's environmental administration. 

3.  The material archived in the sectoral expert´s office consists of hand written notes, printed copies of 

survey questionnaires and mailing lists. Incoming survey responses are entered into an electric 

database in chronological order and the original paper copies are filed in dated folders (see point 1). 

The sectoral expert´s archives also include printouts of data analysing spreadsheets, final CRF tables 

and quality assurance plans for each year. 

4. All material, except hand written notes, is also archived in electric files. Electrical files are saved on 

Finnish Environment Institute's servers which are safe copied regularly and on CD-ROMs which are 

kept in the archive among the registry of paper copies. The archived electronic files contain the 

following information: 

-Survey data in a matrix database 

 - All activity data is entered in electric database 

 - Chronological listing and recording of responses enables easy racing of original copies of 

survey responses 

-Spreadsheet applications used for data analysing and calculation 

 - Used methods, emission factors and parameters used are displayed on worksheets 

 - Estimates are presented for different gases in subcategory level as well as in aggregated 

category level 

-Simulation reports of data uncertainty analysis 

 - Initial data and assumptions are provided in reports 

-Backup copy of CRF Reporter database and submitted CRF data 

-Final version of inventory report (NIR) 

-Annual QA/QC plans 
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The archiving of inventory records for the category NMVOCs takes place as follows: 

1. Calculation model of NMVOC emissions is stored in electrical form and saved on Finnish 

Environment Institute's servers. Back-up tapes are created automatically every day. 

2. Calculation model includes calculation results and time series. 

3. Activity data, including questionnaires to industry, and information on emission factors are stored at 

least in paper form in the office of sectoral expert and in electrical form if available.  

4. All electrical files created during the calculation process are safe copied regularly on CD-ROMs and 

kept in the archive of sectoral expert  

 

Agriculture 

 

Back-up copies of the files used in the inventory calculations for agricultural emissions including CO2 

emissions from cropland and grasslands (LULUCF categories) are stored in a specific folder in the server 

maintained by the information services of MTT Agrifood Research Finland during the inventory process. 

Back-up copies from the server are stored six months by the information services. After inventory 

compilation the calculation results are archived in specific folders in computers of the inventory compilers 

and on CR-ROM. The location of the data and responsible persons are described in a database called 

Datainfo maintained by MTT. Datainfo is updated annually. 

 

LULUCF 

 

The two main sources of information in the LULUCF sector are the national forest inventory data (NFI) and 

the official statistics on forestry for which Metla is the responsible organisation. The NFI data and methods 

are described in NFI reports (Tomppo et al. 2001, Tomppo et al. 1998, in Finnish), and by Tomppo (2006) 

and Heikkinen (2006). The statistics on forestry are published annually in the Finnish Statistical Yearbook of 

Forestry. Forestry statistics are also available on the website www.metla.fi/metinfo/tilasto. At the moment 

data, descriptions of data compilation and quality documentations are only in Finnish. The documentation of 

fellings and drain is on the website www.metla.fi/metinfo/tilasto/laatu/poistuma.htm. The activity data for 

the emissions from controlled burning biomass, area of prescribed burnings, bases also on the statistics. The 

data compilation method, reliability and consistency are described on the website 

www.metla.fi/metinfo/tilasto/laatu/mhmpp.htm and the definition for the term prescribed burning is on the 

site www.metla.fi/metinfo/tilasto/laatu/mhmpptermit.htm.  

 

The Association of Finnish Peat Industry and the Vahti system (see Annex 2) (areas for peat extraction) and 

the company Yara Suomi Oy (volume of nitrogen fertilisers) are other data sources. 

 

All activity data, calculation procedures, results and reports are stored at Metla. The files are recorded in the 

network drives from which back-up copies are taken regularly. A limited group of persons have access rights 

to these files. The original NFI data are stored as ASCII text files in the UNIX operating system. The 

reported results are also stored in CRF Reporter database files and MS Excel files in the network drives and 

CDs. Paper copies of referred articles and literature are archived in the same place at Metla. Digitising of 

articles which are published only as paper copies and other paper material has been started. 

 

This description applies to  

¶ reported land areas 

¶ carbon stock change in living biomass on forest land  

¶ carbon stock change in dead organic matter on forest land 

¶ carbon stock change in soils on forest land 

¶ greenhouse gas emissions from peat extraction areas 

¶ greenhouse gases from biomass burning 

¶ direct N2O emissions from forest fertilisation 

¶ harvested wood products. 

 

  

http://www.metla.fi/metinfo/tilasto
http://www.metla.fi/metinfo/tilasto/laatu/poistuma.htm
http://www.metla.fi/metinfo/tilasto/laatu/mhmpp.htm
http://www.metla.fi/metinfo/tilasto/laatu/mhmpptermit.htm
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Waste 

 

All electronic data (mainly Excel, Word or Access files) on the yearly waste inventory and documentation 

are collected in four different places: the folder of the hard disk of the computer used in the inventory, the 

outer hard disk of the computer, the network disk (under back-up copies) of the Finnish Environment 

Institute and CD-ROM. Only the most important files are collected in the last two places. Yearly information 

on paper is collected in one place. 
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1.7 Summary of the uncertainty analysis  
 

This section provides an overview of the approach to uncertainty analysis adopted for the Finnish inventory. 

The mandatory, detailed reporting table of the analysis is provided in Annex 5. 

 

The present approach consists of two levels: screening and detailed analysis. Screening is done with Tier 1 

uncertainty analysis that supplies information to Tier 2 key category analysis (IPCC 2000, 2003). Screening 

completes with two outputs: (i) the uncertainty reporting table of Annex 5, and (ii) the short list of key 

categories presented in section 1.5 above (and the complete set of reporting tables for key categories found in 

Annex 1). Both outputs are mandatory and fulfil the UNFCCC reporting requirements for uncertainty and 

key categories. The screening and reporting of mandatory information is carried out on an annual basis, i.e. 

the analyses of Tier 1 uncertainty and Tier 2 key categories are updated for each submission. 

 

The list of key categories is the subject of further scrutiny. From this list, one or more categories are selected 

annually. These categories are analysed by Monte Carlo simulation for uncertainty (Tier 2 methodology 

described in IPCC 2000, 2003), and variance-based, global methods for sensitivity (Saltelli, Tarantola, 

Campolongo and Ratto 2005). The goal is to pinpoint within the key categories those assumptions and data 

that have the greatest bearing for uncertainty, and therefore potential for improvement. Over time, this 

approach develops a list of detailed recommendations for the sectoral experts providing estimates for the 

Finnish inventory. 

 

The approach makes use of work documented in Monni & Syri (2003), Monni (2004), and Monni et al. 

(2004, 2007). It however avoids the laborious updating of a detailed Tier 2 simulation model. Experience 

shows that this is not necessary for each and every submission, as the conclusions do not change unless 

significant changes are made to the inventory. The resources are better placed, and provide more useful 

recommendations for the inventory improvement, when the annual work cycle consists of a screening phase 

(simple Tier 1 uncertainty analysis combined with Tier 2 key category analysis), and a detailed analysis of 

one or more key categories from the screening phase. An added benefit of the approach is that the data, 

assumptions and conclusions of both uncertainty and key category analyses are contained within one 

electronic file. This file can be easily sent to, understood and reviewed by both sectoral experts of the 

Finnish inventory and the international expert review teams. 

 

The list of category-gas combinations that form the structure for the uncertainty and key category analyses 

underwent a significant update process for the present submission. The list was amended with two new 

categories in road transportation and several new conversion categories in land use, land-use change and 

forestry. The list of categories together with emission and uncertainty estimates were sent to the sectoral 

expert for comments. As a result of this work, the number of categories increased from 127 to 153.  The 

emissions total of the analyses corresponds to the emissions total of the CRF tables (compare table 6.1 in 

Annex 5 to CRF table ñSummary 2ò for 1990 and 2008). 

 

The uncertainty analysis suggests that the inventory level is accurate within ±49%. Moreover, the analysis 

suggests that the emission trend between 1990 and 2008 is accurate within 16%-points; in other words the 

trend is (ï36±16) %. Both uncertainty estimates include the sinks of  land use, land-use change and forestry. 

The inclusion of land-use conversion categories increased the level uncertainty considerably. It should be 

noted however, that the uncertainty estimates for these categories are preliminary and subject to change. 
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1.8 General assessment of completeness  

1.8.1 Completeness by source and sink categories and gases 
 

Finland has provided estimates for all significant IPCC source and sink categories according to the detailed 

CRF classification. Estimates are provided for the following gases: CO2, N2O CH4, F-gases (HFC, PFC and 

SF6), NMVOC, NOx, CO and SO2.  

 

In accordance with the IPCC Guidelines, international aviation and marine bunker fuel emissions are not 

included in national totals. However, CO2, CH4 and N2O emissions from lubricants from International 

bunkers are included in emissions from feedstock and non-energy use of the fuels. Lubricants are not split 

between domestic and international, as only information on total sales of lubricants is available in fuel 

statistics. The impact on the total emissions is estimated to be very small. 

 

Assessment of completeness is included in Annex 4.  

 

1.8.2 Completeness by geographical coverage 
 

The geographical coverage of the inventory is complete. It includes emissions from the autonomic territory 

of Åland (Ahvenanmaa). The emissions for the territory of Åland are not reported separately. 

1.8.3 Completeness by timely coverage 
 

A complete set of CRF tables are provided for all years and the estimates are calculated in a consistent 

manner.  

 

 



 

January 2010 

39 

2 TRENDS IN GREENHOUSE GAS EMISSIONS 

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

In 2008 Finland's greenhouse gas emissions totalled 70.1 Tg CO2 (million tonnes of CO2 equivalent). The 

emissions decreased by 1% (0.9 Tg CO2 eq.) compared with the base year ï the level to which Finland 

should limit its emissions during the Kyoto Protocol's first commitment period between 2008 and 2012. 

Emissions in 2008 were 10% lower in comparison with the emissions of the previous year.  

 

Figure 2.1-1 shows a time series of CO2-equivalent emissions in Finland during 1990-2008 and the emission 

target of the Kyoto Protocol. The total greenhouse gas emissions as CO2 equivalence and indexed emissions 

in relation to the base year level are presented in Table 2.1-1. 
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Figure 2.1-1 CO2 equivalent emissions and the emission target of the Kyoto Protocol (Tg CO2 eq.). 
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Table 2.1-1 Total greenhouse gas emissions in Tg CO2 eq. and indexed 1990-2008 (index 1990=100).

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

CO2 with LULUCF 36.7 20.0 26.2 31.5 47.3 44.4 40.9 44.0 43.8 39.7 36.5 37.5 41.9 48.7 43.0 26.7 33.8 39.9 26.7

CO2 without LULUCF 56.6 55.0 54.2 56.1 61.4 57.9 63.9 62.4 59.2 58.7 56.7 62.0 64.4 72.0 68.1 56.4 67.7 66.1 58.2

CH4 with LULUCF 6.3 6.3 6.3 6.3 6.3 6.1 6.0 6.0 5.7 5.6 5.4 5.3 5.1 4.9 4.7 4.5 4.6 4.5 4.3

CH4 without LULUCF 6.3 6.3 6.2 6.3 6.2 6.1 6.0 5.9 5.7 5.6 5.4 5.2 5.1 4.9 4.7 4.5 4.6 4.4 4.2

N2O with LULUCF 7.4 6.9 6.4 6.5 6.7 6.8 6.9 6.8 6.6 6.5 6.5 6.5 6.6 6.7 6.7 6.8 6.7 6.7 6.8

N2O without LULUCF 7.4 6.8 6.3 6.5 6.6 6.8 6.8 6.7 6.5 6.4 6.4 6.4 6.5 6.6 6.6 6.7 6.6 6.6 6.7

HFCs 0.000 0.000 0.000 0.000 0.007 0.029 0.077 0.17 0.25 0.32 0.49 0.65 0.46 0.65 0.70 0.86 0.75 0.90 0.99

PFCs 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.028 0.022 0.020 0.013 0.015 0.012 0.010 0.015 0.008 0.011

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 0.05 0.03 0.03 0.04 0.04 0.04

Total emissions with 

LULUCF 50.6 33.2 38.8 44.3 60.3 57.4 54.0 57.0 56.5 52.2 49.0 50.0 54.1 61.0 55.2 38.9 45.9 52.0 38.8

Total emissions 70.3 68.2 66.7 68.8 74.2 70.8 76.8 75.2 71.7 71.0 69.1 74.3 76.5 84.2 80.2 68.4 79.7 78.1 70.1

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Index (1990=100)

CO2 without LULUCF 100 97.2 95.7 99.0 108.5 102.2 112.8 110.2 104.5 103.6 100.1 109.4 113.7 127.2 120.4 99.6 119.7 116.8 102.7

CH4 without LULUCF 100 99.7 99.3 99.7 99.1 96.6 95.3 94.1 90.9 88.9 85.5 83.5 80.4 77.6 74.9 71.5 72.4 70.5 67.4

N2O without LULUCF 100 92.4 85.5 87.9 89.5 91.8 92.3 91.3 88.7 87.2 87.7 87.3 88.3 90.1 90.1 90.5 89.1 89.4 91.2

Total (group of three) 100 96.9 95.0 97.9 105.6 100.6 109.1 106.8 101.6 100.6 97.5 104.8 108.1 118.9 113.1 96.1 112.2 109.8 98.4

F-gases 100 71.4 39.0 35.8 44.0 103.7 158.4 258.2 316.1 421.9 601.3 765.5 559.7 757.0 784.7 959.6 850.6 1004.0 1106.8

Total (without LULUCF) 100 96.9 94.9 97.8 105.6 100.6 109.1 107.0 101.9 101.0 98.2 105.7 108.7 119.8 114.0 97.3 113.2 111.0 99.7 
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2.2 Description and interpretation of emission trends by gas 
 

The most important greenhouse gas in Finland is carbon dioxide. The share of CO2 emissions from the total 

greenhouse gas emissions has varied from 80% to 85%. In absolute terms CO2 emissions have decreased 0.9 

Tg (i.e. 1%) since 1990. Around 94% of all CO2 emissions originate from the Energy sector. The amount of 

energy-related CO2 emissions has fluctuated much according to the economic trend, the energy supply 

structure (including electricity imports and exports) and climate conditions.  

 

Methane emissions (CH4) have decreased by 33% from the 1990 level. This is mainly due to the 

improvements in waste treatment and a contraction in animal husbandry in the Agriculture sector.  

 

Correspondingly, emissions of nitrous oxide (N2O) have also decreased by 9%, which has been occasioned 

mostly by the reduced nitrogen fertilisation of agricultural fields.  

 

The development of emissions of the three main greenhouse gases in 1990-2008 (CO2, CH4 and N2O) 

relative to the 1990 level is presented in Figure 2.2-1.  
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Figure 2.2-1 Relative development of CO2, CH4 and N2O without the LULUCF sector in 1990-2008 relative 

to the 1990 level (%). 

 

The emissions of F-gases have increased over ten-fold during 1990-2008. A key driver behind the trend has 

been the substitution of ozone depleting substances (ODS) by F-gases in many applications. In Table 2.2-1 

the development of emissions of F-gases during 1990-2008 is presented by gas category. 
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Table 2.2-1 Actual emissions of HFCs, PFCs and SF6 in 1990-2008 (CO2 equivalent Gg). 

HFCs PFCs SF6 Total      

F- gases

1990 0.02 0.07 94.4 94

1991 0.05 0.08 67.3 67

1992 0.10 0.09 36.6 37

1993 0.10 0.10 33.6 34

1994 6.5 0.12 34.9 42

1995 29.3 0.14 68.5 98

1996 77.3 0.16 72.2 150

1997 167.8 0.18 76.0 244

1998 245.2 0.21 53.2 299

1999 318.6 28.0 52.0 399

2000 494.1 22.5 51.5 568

2001 648.0 20.1 55.0 723

2002 464.1 13.4 51.3 529

2003 652.2 14.9 48.1 715

2004 695.3 12.2 33.8 741

2005 864.0 9.9 32.7 907

2006 747.8 15.4 40.2 804

2007 904.1 8.4 36.0 948

2008 994.0 11.2 40.4 1 046
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2.3 Description and interpretation of emission trends by 
category 
 

The development of the greenhouse gas emissions by sector is presented in Table 2.3-1. The energy sector is 

the most significant source of greenhouse gas emissions in Finland. This reflects the high energy intensity of 

the Finnish industry, extensive consumption during the long heating period, as well as energy consumption 

for transport in a large and sparsely inhabited country (Figure 2.3-1). In the middle of time series total energy 

consumption increased even if emissions decreased, reasons for that were in increased use of wood fuels, 

nuclear energy and net imports of electricity. In 2008 the energy sector's emissions were about 1% over the 

1990 level. The total energy consumption decreased in 2008 approximately 4% compared with the previous 

year, totalling 33.8 Mtoe. Contraction of industrial output and mild weather brought the consumption of 

energy down from the previous year. The replacement of coal condensing power with hydro power in the 

production of electricity also reduced significantly the total consumption of primary energy and carbon 

dioxide emissions.  

 

Energy industries (mainly electricity and district heating production) caused approximately 35% of the total 

emissions in the energy sector in 2008. Emissions from the energy industries were 27% higher in 2008 than 

in 1990. 
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Figure 2.3-1 Development of total energy consumption by energy source (PJ) and the energy sector's 

greenhouse gas emissions (Tg CO2 eq.) in Finland in 1990-2008 (GHG Inventory and Energy Statistics, 

Yearbook 2008).  
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Table 2.3-1 Summary of emission trend by source category and gas (unit Tg CO2 eq.).

IPCC sector 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

1. Energy 54.6 53.1 52.4 54.4 59.6 56.2 61.9 60.2 57.0 56.4 54.4 59.7 62.2 69.7 65.6 54.0 65.2 63.2 55.0

A Fuel combustion total 54.3 52.9 52.2 54.0 59.4 55.9 61.6 59.9 56.8 56.2 54.2 59.5 62.1 69.5 65.4 53.8 65.0 63.0 54.8

CO2 53.0 51.6 50.9 52.8 58.1 54.6 60.3 58.6 55.5 54.9 53.0 58.2 60.7 68.1 64.0 52.5 63.7 61.7 53.5

1. Energy industries 19.1 18.8 18.6 21.3 26.2 23.9 29.6 27.2 23.9 23.4 21.9 27.2 29.9 36.8 32.6 21.6 32.5 30.4 24.0

2. Manufacturing industries 

and construction 13.2 12.7 12.2 12.3 12.6 12.0 11.9 12.1 11.7 11.7 11.7 11.3 11.0 11.3 11.4 11.2 11.4 11.3 10.6

3. Transport 12.5 12.2 12.1 11.6 12.0 11.8 11.7 12.3 12.5 12.7 12.6 12.7 12.9 13.1 13.4 13.5 13.7 14.0 13.4

4. Other sectors 7.0 6.9 7.0 6.5 6.2 5.7 5.8 5.8 5.9 5.8 5.5 5.7 5.6 5.5 5.3 5.1 4.9 4.8 4.5

5. Other 1.19 1.02 1.03 1.03 1.14 1.20 1.22 1.13 1.38 1.23 1.27 1.26 1.26 1.28 1.15 1.10 1.09 1.08 1.06

CH4 0.31 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.29 0.31 0.31 0.32 0.31 0.30 0.31 0.31 0.29

N2O 1.00 0.97 0.95 0.99 1.02 0.98 1.03 1.03 1.01 1.01 0.98 1.03 1.05 1.10 1.07 0.95 1.05 1.02 0.96

B Fugitive fuel emissions 0.23 0.25 0.27 0.34 0.25 0.25 0.24 0.27 0.22 0.19 0.18 0.19 0.18 0.18 0.17 0.19 0.17 0.18 0.19

CO2 0.22 0.21 0.22 0.27 0.17 0.17 0.15 0.20 0.14 0.13 0.13 0.12 0.12 0.12 0.11 0.13 0.11 0.13 0.14

CH4 0.01 0.04 0.06 0.07 0.08 0.08 0.08 0.07 0.07 0.06 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.05 0.05

N2O 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 0.00 0.00 0.00 0.00 0.00

2. Industrial processes 5.0 4.6 4.3 4.3 4.6 4.6 4.9 5.2 5.1 5.3 5.5 5.6 5.4 5.9 6.2 6.2 6.2 6.7 7.0

CO2 3.2 3.1 3.0 2.9 3.1 3.0 3.3 3.5 3.5 3.6 3.5 3.6 3.5 3.8 3.9 3.7 3.9 4.3 4.4

CH4 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

N2O 1.66 1.44 1.30 1.36 1.43 1.46 1.46 1.44 1.38 1.35 1.36 1.29 1.33 1.41 1.50 1.63 1.44 1.48 1.56

HFCs 0.00 0.00 0.00 0.00 0.01 0.03 0.08 0.17 0.25 0.32 0.49 0.65 0.46 0.65 0.70 0.86 0.75 0.90 0.99

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 0.01 0.01 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 0.05 0.03 0.03 0.04 0.04 0.04

0.18 0.17 0.16 0.15 0.15 0.14 0.14 0.14 0.14 0.14 0.12 0.12 0.11 0.10 0.11 0.11 0.10 0.10 0.09

CO2 0.12 0.11 0.10 0.09 0.08 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.07 0.06 0.06 0.06 0.06 0.06 0.05

N2O 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.05 0.04 0.04 0.03

3. Solvent and other product 

use
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IPCC sector 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

4. Agriculture 6.6 6.2 5.8 5.9 5.9 6.0 6.0 6.0 5.8 5.7 5.8 5.8 5.8 5.8 5.7 5.7 5.7 5.7 5.8

CH4 2.2 2.1 2.0 2.0 2.0 1.9 1.9 2.0 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.8

A. Enteric fermentation 1.9 1.8 1.8 1.8 1.8 1.7 1.7 1.7 1.7 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6

B. Manure management 0.23 0.22 0.23 0.23 0.24 0.25 0.25 0.27 0.27 0.26 0.27 0.26 0.27 0.28 0.28 0.28 0.28 0.28 0.29

E. Field burning of 

agricultural residues 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 0.00 0.00 0.00 0.00 0.00

N2O 4.5 4.2 3.8 3.9 3.9 4.1 4.1 4.0 3.9 3.8 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 4.0

B. Manure management 0.5 0.5 0.4 0.4 0.5 0.4 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

D. Agricultural soils 4.0 3.7 3.4 3.4 3.5 3.6 3.6 3.5 3.5 3.4 3.5 3.5 3.5 3.5 3.4 3.4 3.4 3.5 3.6

E. Field burning of 

agricultural residues 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-16.0 -29.5 -22.7 -20.9 -12.7 -14.1 -24.0 -20.3 -18.4 -21.3 -22.6 -26.3 -26.9 -27.4 -28.9 -32.8 -37.9 -30.7 -35.4

CO2 -16.1 -29.7 -22.8 -21.0 -12.9 -14.2 -24.1 -20.4 -18.6 -21.5 -22.7 -26.4 -27.0 -27.6 -29.1 -33.0 -38.0 -30.8 -35.6

CH4 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

N2O 0.09 0.08 0.07 0.07 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.10 0.12

6. Waste 4.0 4.0 4.0 4.0 4.0 3.9 3.8 3.7 3.6 3.5 3.3 3.1 2.9 2.8 2.6 2.4 2.5 2.4 2.2

CH4 3.8 3.9 3.9 3.9 3.8 3.7 3.7 3.6 3.4 3.3 3.1 3.0 2.8 2.6 2.5 2.2 2.3 2.2 2.0

N2O 0.164 0.160 0.159 0.156 0.157 0.162 0.163 0.162 0.158 0.156 0.158 0.160 0.158 0.161 0.161 0.164 0.162 0.168 0.162

7. Other NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

54.4 38.6 44.1 47.9 61.5 56.7 52.8 55.0 53.2 49.7 46.5 48.1 49.6 56.8 51.3 35.6 41.8 47.4 34.7

NATIONAL TOTAL EMISSIONS 70.3 68.2 66.7 68.8 74.2 70.8 76.8 75.2 71.7 71.0 69.1 74.3 76.5 84.2 80.2 68.4 79.7 78.1 70.1

National total emissions with 

LULUCF

5. Land-use, land-use change 

and forestry
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The most important drivers in the trend of the energy sector's greenhouse emissions have been the changes in 

the level of annually imported electricity and fossil fuel based condensing power in annual energy production 

(Figure 2.3-2). Total consumption of energy stood at 1.42 million terajoules (TJ) in 2008. The decrease from 

2007 amounted to over four per cent. Examined by individual energy source, the consumption of coal 

(including hard coal, coke and blast furnace gas) decreased most, or by 26 per cent. The consumption of peat 

also diminished notably, or by over 20 per cent. Two successive summers with difficult production 

conditions resulted in a shortage of peat towards the end of the year. By contrast, the consumption or natural 

gas for energy grew by 2 per cent, mainly in combined heat and power production. The consumption of oil, 

in turn, diminished again by 2.5 per cent from the previous year. The consumption of wood-based fuels 

remained on level with the year before (Energy Statistics 2009). 

 

The use of fuels in the production of electricity and heat decreased by 9 per cent in 2008. The use of coal and 

peat declined most, or by 33 and 20 per cent respectively. The use of oil and black liquor from forestry 

decreased as well. By contrast, the use of wood grew by 15 per cent. Electricity production with renewable 

energy sources grew by 15 per cent in 2008 from the previous year, as the use of wood fuels turned upwards 

and production of hydro power kept growing, reaching new records. Thirty-one per cent of the electricity 

needed by Finland was produced with renewable energy sources. In the production of renewable electricity 

hydro power accounts for 60 per cent, black liquor from the forest industry for 19 per cent and wood fuels 

for 16 per cent. The production of district heat stayed on level with the previous year, and industrial heat 

production was four per cent down on the year before. (Statistics on production of electricity and heat, 

Statistics Finland). 

 

0

5

10

15

20

25

30

35

40

-10000

-5000

0

5000

10000

15000

20000

25000

30000

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

G
H

G
 e

m
is

s
io

n
s
, 

G
g

 C
O

2
e
q

.

G
W

h

Net  imports from the Nordic Countries

Net  imports from Russia and Estonia

Conventional condensing power

GHG emissions from fuel combustion in electricity and heat production  

Figure 2.3-2 Greenhouse gas emissions from fuel combustion in electricity and heat production, net imports 

of electricity from the Nordic Countries and Russia and Estonia and production of conventional condensing 

power for 1990-2008 (Energy Statistics, Yearbook 2009).   

 

Manufacturing industries and construction produce much energy themselves. Their share of the energy-

related emissions was around 20% in 2008. Emissions from manufacturing industries and construction have 
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declined by 20% since 1990. The main reason behind this trend is increased use of biofuels in the forest 

industry and other reason is outsourcing of power plants from industry to the energy sector.  

 

Emissions in the transport sector have grown by around 7% compared with the 1990 level. The magnitude of 

the growth is smaller in Finland than in many other Annex I countries, mainly due to the effect that the 

economic recession in the early 1990ôs had on transport (see Section 3.3.2). The share of transportation of 

energy-related emissions was about one fourth in 2008.  

 

Emissions from the residential sector have decreased by 35% and from commercial sectors by over 54% 

compared with the 1990 levels. The decrease is mainly due to substitution of direct oil heating with district 

heating and electricity.  

 

Figure 2.3-3 provides an overview of the development of the CO2 equivalent emissions in 1990-2008 by 

IPCC source sector. 
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Figure 2.3-3 Relative development of greenhouse gas emissions by main source category relative to the 

1990 level (1990=100%). 

 

Emissions of industrial processes have increased by 41% from 1990 to 2008. At the beginning of the time 

series some production plants were closed down and that caused a fast decrease in emissions. After this the 

production outputs and emissions increased and reached the level of the year 1990 in 1996. During the 

period 1990-2008 CO2 emissions have increased 1.2 Tg and methane emissions 0.004 Tg CO2 eq. Nitrous 

oxide emissions have decreased 0.1 Tg CO2 eq. and emissions of all F-gases have increased 1.0 Tg CO2 eq. 

A key driver behind the increasing trend in emissions of F-gases has been the substitution of ozone depleting 

substances (ODS) by F-gases in many applications. 

 

Agricultural emissions have decreased by 12% (0.8 Tg CO2 eq.) over the period 1990-2008. The main driver 

behind the decreasing trend has been the overall change in the economy of agriculture, which has resulted in 

a decrease in the number of animals and an average increase in farm size. Cattle produce the major part of 

the emissions from enteric fermentation in Finland, thus the 33% decrease in the number of cattle since has 

impacted on both emissions from enteric fermentation and nitrous oxide emissions from manure 

management. Methane emissions from manure management have, on the contrary, increased somewhat, 

despite the decrease in the number of animals. This is mostly due to an increase in the number of cattle and 

swine kept in slurry-based manure management systems, which have ten-fold methane emissions compared 

with solid storage or pasture. Nitrous oxide emissions from manure management are smaller in slurry than in 

solid storage systems, which have also had an impact on the decreasing trend in N2O emissions. 
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The most important sources of N2O emissions in the agricultural sector are agricultural soils. Nitrous oxide 

emissions from agricultural soils have decreased by about 10% compared with the 1990 level. The decrease 

has resulted mainly from lower use of synthetic fertilisers. The drop in agricultural emissions in 1992 is 

mostly due to decreased use of synthetic fertilisers. In 1992 almost 30% less synthetic fertilisers were sold 

than in 1990. 

 

Emissions from the waste sector have declined quite constantly since 1990. The decrease of 1.8 Tg CO2 eq. 

has mainly been due to the implementation of the new Waste Act in Finland in 1993. At the beginning of the 

1990ôs, around 80% of the generated municipal waste was taken to solid waste disposal sites (landfills). 

After the implementation of the new Waste Act, 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 waste tax and 

adoption of the National Waste Plan have also had an impact on the decreasing trend in emissions of the 

waste sector. In the early 1990ôs the economic recession reduced the amount of waste. 

 

The LULUCF as a whole sector is a net sink in Finland. The sink has varied from approximately 17% to 

50% of the annual emissions from other sectors during 1990-2008. Most of the removals in the LULUCF 

sector come from forest growth. The annual increment of trees has increased almost steadily for which 

reason the CO2 uptake has also grown. The total drain of trees is very much affected by commercial fellings 

and the global market situation. In 2007 commercial roundwood fellings were at exceptional high level of 

nearly 58 million m
3
. The increase in fellings compared to the earlier year was 14% (Finnish Forest Research 

Institute, 2008). In 2008, the total drain decreased again and the CO2 removals increased by 19%. 

  

Figure 2.3-4 shows a plot of inventory estimates (in teragrams CO2 eq.). The graph shows year-to-year 

variability, increasing somewhat over the years. Also, the level of emissions seems to increase: the graph 

shows an eye-fitted line to make the point. If such a partial description were to describe a possible trend 

behind the data, it would correspond to an addition of 0.4 Tg CO2 eq. to the level each year, starting from 71 

Tg in 1990. 
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Figure 2.3-4 One possible description of a trend behind the data. The fitted line corresponds to an addition 

of 0.4 Tg CO2 eq. to the level each year, starting from 1990. 
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2.4 Description and interpretation of emission trends of 
indirect greenhouse gases and sulphur oxides 
 

The emissions trends of indirect greenhouse gases; nitrogen oxides, carbon monoxide and non-methane 

volatile organic compounds and sulphur oxide and other sulphur emissions calculated as sulphur dioxide, are 

presented in Figure 2.4-1 Indirect greenhouse gas and sulphur dioxide emissions in 1990-2008, Gg. 

 and Table 2.4-1. 
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Figure 2.4-1 Indirect greenhouse gas and sulphur dioxide emissions in 1990-2008, Gg. 

 

Nitrogen oxides (NOx) were generated in the energy, industrial and LULUCF sectors. The energy sector is 

the most significant source, over 99% of emissions are energy related. Emissions have decreased by 43% and 

they were 168 Gg in 2008. The biggest decrease, 59%, has happened in the transport category due to the 

implementation of catalytic converters to cars and these emissions were 38% of the total emissions in 2008.  

Energy industries as well as manufacturing industries and construction generated 25% and 24% of the 

emissions, respectively. 

 

Carbon monoxide (CO) emissions, total 469 Gg, originated almost exclusively in the energy sector, where 

transport generated 60% and other sectors (including small scale combustion in the residential energy sector 

as well as off-road machinery in forestry, agriculture and fishery) 28% of the total emissions. Total carbon 

monoxide emissions have decreased by 34% during this period and the biggest part of this reduction is 

resulted from increased amount of cars with catalytic converters.  

 

The non-methane volatile organic compounds (NMVOC) totalled 117 Gg in 2008. In all, 71% of the total 

emissions were generated in the energy sector, 20% originated from solvent and other product use and 8% 

from industrial processes. Total NMVOC emissions have decreased by 49% from 1990 to 2008, the greatest 

decline has taken place in industrial sector, where emissions decreased  by 57%. 

 

The sulphur dioxide (SO2) emissions totalled 69 Gg out of which 76% originated in the energy sector, 

where energy industries generated 42% of the total emissions and manufacturing industries and construction 

22%. Sulphur dioxide emissions have totally decreased 72% from 1990, reasons for that are increased use of 

less sulphur containing fuels and sulphur abatement technology in energy production. 
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Table 2.4-1 Trends of NOx, CO, NMVOC and SO2 emissions in different sources in 1990-2008.

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Total nitrogen oxides 295 278 266 268 267 245 248 240 225 221 211 212 209 218 204 176 193 184 168

 - energy 294 277 265 267 266 244 247 239 224 219 210 211 208 216 203 174 191 182 166

 - industry 1.01 1.01 1.00 0.78 0.91 1.16 1.04 0.99 1.10 1.06 1.10 0.99 1.02 1.50 1.48 1.55 1.73 1.71 2.00

 - agriculture and LULUCF 0.11 0.03 0.04 0.03 0.03 0.04 0.04 0.04 0.02 0.03 0.04 0.04 0.05 0.04 0.02 0.03 0.04 0.03 0.03

Total carbon monoxides 710 679 668 654 642 634 623 621 616 607 587 586 577 567 550 521 511 503 469

 - energy 706 678 666 653 641 632 622 620 615 606 586 585 576 566 549 520 510 502 468

 - agriculture 1.9 0.2 0.1 0.4 0.1 0.3 0.6 0.3 0.2 0.1 0.8 0.4 0.5 0.5 0.4 0.2 0.3 0.6 0.5

 - LULUCF 1.7 0.7 1.3 0.5 1.0 0.8 0.6 0.9 0.3 0.8 0.4 1.1 1.1 0.8 0.2 0.6 1.0 0.4 0.5

Total NMVOCs 229 217 209 202 197 192 185 180 176 171 165 164 158 154 150 139 137 133 117

 - energy 153 146 146 142 139 137 134 131 129 125 119 119 116 114 109 102 99 94 83

 - industry 23 21 20 19 18 17 16 15 13 12 12 12 11 11 11 10 10 11 10

 - solvent and other product use53 49 43 40 38 37 35 34 34 33 33 33 31 29 29 27 28 28 24

 - waste 0.54 0.52 0.51 0.52 0.53 0.53 0.52 0.51 0.51 0.51 0.50 0.49 0.51 0.50 0.50 0.49 0.51 0.51 0.47

Total sulphur oxides 249 202 158 138 123 105 110 101 93 91 81 90 89 101 83 68 84 82 69

 - energy 187 154 125 111 99 83 90 82 74 72 65 75 74 87 71 54 67 65 52

 - industry 62 47 33 27 24 21 20 18 19 19 16 15 15 14 12 14 17 17 16 
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2.5 Emissions and removals from KP-LULUCF activi t ies 
 

Coverage of reporting of carbon pools and emission sources with regard to activities afforestation (A), 

reforestation (R) and deforestation (under Article 3.3) and optional activity forest management (FM) (under 

Article 3.4) are presented in Table 2.5-1. Below ground biomass was included to above ground biomass in 

all reported activities. Similarly litter and dead wood were included to soil carbon pool. CH4 and N2O 

emissions from biomass burning of activities A and R are included in FM, data for analysing burned areas 

concerning AR activities separately from FM activity was not available. Emissions from drained Forest land 

is not reported, sufficient information for reporting is not available. 

 

Table 2.5-1 Activity coverage and other information relating to activities under Article 3.3 and elected 

activities under Article 3.4. 

 

Fertilization

Drainage of 

soils under 

forest 

management

Disturbance 

associated 

with land-use 

conversion to 

croplands

 Liming

N2O N2O N2O CO2 CO2 CH4 N2O

D R IE IE IE R R R NA NA NA

FM R IE IE IE R R NR NA R R R

CM NA NA NA NA NA NA NA NA NA NA

GM NA NA NA NA NA NA NA NA NA

RV NA NA NA NA NA NA NA NA NA

Activity 1

  Change in carbon pool reported Greenhouse gas sources reported

Above-

ground 

biomass 

Below-

ground 

biomass 

Litter
Dead 

wood 
Soil

 Biomass burning

IE IE

Article 3.4 

activities 

1 R (reported), NR (not reported), IE (included elsewhere), NO (not occurring), NA (not applicable)  

R IE NA IEArticle 3.3 

activities

A/R R IE IE IE

 
 

Emissions and removals from KP-LULUCF activities are reported for the first time, thus trends are not yet 

available. Net emission from activities ARD in 2008 was 1.75 million tonnes CO2 eq, Since 1990 land areas 

afforested and reforested from Cropland, Grassland, Settlements and Wetlands were 48,100 ha, 60,500 ha, 

20,300 ha  and 20,300 ha, respectively. Land areas deforested from Cropland, Grassland, Settlements and 

Wetlands were 66,500 ha, 4,600 ha, 144,400 ha and 11,100 ha, respectively. Net removal from FM activity 

was 39.9 million tonnes CO2 eq, in 2008 (Table ES.4_1).  

 

Table 2.5-2 Emissions and removals resulting from activities under Article 3.3 and 3.4 of Kyoto Protocol in 

2008. 

Net CO2 

emissions/ removals

CH4 N2O Net CO2 eq. 

emissions/removals

A. Article 3.3 activities 1 750

A.1. Afforestation and Reforestation -1 077 -1 077

A.1.1. Units of land not harvested since the beginning

          of the commitment period
-1 077 IE IE -1 077

A.1.2. Units of land harvested since the beginning

         of the commitment period
NA NA NA NA

A.2. Deforestation 2 821 NA 0.02 2 827

B. Article 3.4 activities -39 886

B.1. Forest Management -39 921 0.06 0.11 -39 886

B.2. Cropland Management NA NA NA NA

B.3. Grazing Land Management NA NA NA NA

B.4. Revegetation NA NA NA NA

1 IE (included elsewhere), NA (not applicable) 
2 the signs for removals are  negative (-) and for emissions 

positive (+)

GREENHOUSE GAS SOURCE AND SINK ACTIVITIES 1,2

(Gg)
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3 ENERGY (CRF 1) 

3.1 Overview of the sector (CRF 1) 
 

The energy sector is the main source of greenhouse gas emissions in Finland. In 2008, the sector contributed 

78% to total national emissions, totalling 55.0 Tg CO2 eq. (Figure 3.1-1). Most of the emissions originate 

from fuel combustion. The substantial amount of energy-related emissions reflect the high energy intensity 

of the Finnish industry, the extensive consumption of fuels during the long heating period, as well as the 

energy consumed for transport in this relatively large and sparsely inhabited country.  

Energy Industries
44%

Manufacturing Industries 
and Construction 20%

Transport 25%

Households, services etc. 
9%

Fugitive emissions 0.3%

Other 2%

Energy
78%

 

Figure 3.1-1 Emissions from the energy sector compared with the total emissions in 2008. Due to 

independent rounding the sums do not add up. 

Emissions from the energy sector are divided into two main categories: emissions from fossil fuel 

combustion (CRF 1.A) and fugitive emissions from fuels (CRF 1.B). In the Finnish inventory, emissions 

from fuel combustion include direct (CO2, CH4, N2O) and indirect (NOx, CO, NMVOCs) greenhouse gas 

emissions, as well as emissions of SO2 from fuel combustion. Point sources, transport and other fuel 

combustion are included. Fugitive emissions from fuels in Finland consist of CH4 and NMVOCs emissions 

arising from oil refining and storage. CO2, CH4 and N2O emissions from venting and flaring at oil refineries 

and the petrochemical industry are included as well, as are CH4 emissions from natural gas transmission and 

distribution (Table 3.1-1). In addition, indirect CO2 emissions due to oxidation of fugitive CH4 and 

NMVOCs have been taken into account, as well as indirect N2O emissions from nitrogen deposition caused 

by NOx emissions. These indirect N2O emissions are reported in category 1.A 5a Stationary. General 

assessment of completeness can be found in Section 1.8 and a more detailed assessment is included in Annex 

4. 

 

Energy-related CO2 emissions vary much from year to year (Figure 3.1-2), mainly following the economic 

trend, the structure of the energy supply and climatic conditions. Compared with the base year 1990, the 

emissions in the energy sector in 2008 were 1% higher. The main contributors to the excess are the energy 

industry with approximately 27% growth and transport with around 7% growth in emissions relative to 1990. 

Emissions from manufacturing industries and construction (-20%) and the rest of the energy sector (-32%) 

have decreased significantly compared to 1990. During the most recent years the emissions from these 

source categories have been fluctuating considerably. The trends are discussed in more detail in chapter 2 

and the source-specific sections in this chapter. 
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Table 3.1-1 Emissions from the energy sector in 1990-2008 by subcategory and gas (Tg CO2 eq).

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

1. Energy industries 54.6 53.1 52.4 54.4 59.6 56.2 61.9 60.2 57.0 56.4 54.4 59.7 62.2 69.7 65.6 54.0 65.2 63.2 55.0

A. Fuel combustion 54.3 52.9 52.2 54.0 59.4 55.9 61.6 59.9 56.8 56.2 54.2 59.5 62.1 69.5 65.4 53.8 65.0 63.0 54.8

CO2 53.0 51.6 50.9 52.8 58.1 54.6 60.3 58.6 55.5 54.9 53.0 58.2 60.7 68.1 64.0 52.5 63.7 61.7 53.5

CH4 0.307 0.301 0.299 0.297 0.299 0.297 0.304 0.302 0.302 0.296 0.285 0.307 0.315 0.318 0.312 0.303 0.312 0.307 0.295

N2O 1.00 0.97 0.95 0.99 1.02 0.98 1.03 1.03 1.01 1.01 0.98 1.03 1.05 1.10 1.07 0.95 1.05 1.02 0.96

B. Fugitive fuel emissions 0.23 0.25 0.27 0.34 0.25 0.25 0.24 0.27 0.22 0.19 0.18 0.19 0.18 0.18 0.17 0.19 0.17 0.18 0.19

CO2 0.22 0.21 0.22 0.27 0.17 0.17 0.15 0.20 0.14 0.13 0.13 0.12 0.12 0.12 0.11 0.13 0.11 0.13 0.14

CH4 0.011 0.042 0.056 0.072 0.080 0.080 0.083 0.072 0.073 0.059 0.055 0.068 0.057 0.062 0.055 0.064 0.055 0.051 0.049

N2O 0.0031 0.0031 0.0006 0.0008 0.0004 0.0004 0.0005 0.0008 0.0004 0.0003 0.0004 0.0004 0.0005 0.0004 0.0005 0.0005 0.0005 0.0007 0.0007 
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Figure 3.1-2 Emissions from the energy sector by subcategory in 1990-2008 (Tg CO2 eq.). 
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Figure 3.1-3 Consumption of fuels in 1990-2008 (PJ). 
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3.1.1 Emissions from fuel combustion (CRF 1.A) 

3.1.1.1 Description 
 

Emissions from fuel combustion comprise all fuel combustion, including point sources, transport and other 

fuel combustion. Direct and indirect greenhouse gases (CO2, CH4, N2O, CO, NMVOC, and NOx) as well as 

SO2 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 

 

Reported greenhouse gas emissions are listed in Table 3.1-2. 

Table 3.1-2 Reported emissions under the subcategory fuel combustion in the Finnish inventory. 

CRF Source Emissions reported 

1.A 1 Energy Industries 
a. Public Electricity and Heat Production 
b. Petroleum Refining 
c. Manufacture of Solid Fuels and Other Energy Industries 

 
CO2, CH4, N2O 
CO2, CH4, N2O 
CO2, CH4, N2O 

1.A 2 Manufacturing industries and construction 
a. Iron and Steel 
b. Non-Ferrous Metals 
c. Chemicals 
d. Pulp, Paper and Print 
e. Food Processing, Beverages and Tobacco 
f. Other  
 Construction 
 Other non-specified 
 Transferred CO2 

 
CO2, CH4, N2O 
CO2, CH4, N2O 
CO2, CH4, N2O 
CO2, CH4, N2O 
CO2, CH4, N2O 
 
CO2, CH4, N2O 
CO2, CH4, N2O 
CO2 

1.A 3 Transport 
a. Civil Aviation 
b. Road Transportation 
c. Railways 
d. Navigation 
e. Other Transportation  

 Other off-road machinery 

 
CO2, CH4, N2O 
CO2, CH4, N2O 
CO2, CH4, N2O 
CO2, CH4, N2O 
 
CO2, CH4, N2O 

1.A 4 Other Sectors 
a. Commercial/Institutional 
b.  Residential 
c.  Agriculture/Forestry/ Fisheries 

 
CO2, CH4, N2O 
CO2, CH4, N2O 
CO2, CH4, N2O 

1.A 5 Other 
a.  Stationary 
 Other non-specified 
 Non-specified burning of feedstocks 
 Indirect N2O emissions from NOx 
b.  Mobile 
 Other non-specified 

 
 
CO2, CH4, N2O 
CO2, CH4, N2O 
N2O 
 
CO2, CH4, N2O 
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3.1.1.2 Quantitative overview 
 

CO2 emissions from fossil fuel combustion (53.5 Tg) accounted for 98% of the energy sectorôs total 

emissions and 76% of total greenhouse gas emissions in 2008.  

 

The portion of N2O emissions from fuel combustion in 2008 was about 2%. N2O emissions come mainly 

from fluidised bed combustion and transport. CH4 emissions from fuel combustion are relatively small and 

are mainly due to the incomplete combustion of wood fuels (small-scale combustion) (Table 3.1-3). 

 

The availability of hydro power in the Nordic electricity market influences significantly the electricity supply 

structure and hence the emissions. Especially in 2001-2003 and again in 2006 the shortage of hydro power in 

the Nordic market increased coal and peat-fuelled condensing power generation in Finland. Due to this, there 

was a ~15.7 Tg CO2 eq. increase in the energy sectorôs emissions from fuel combustion between the years 

1990 and 2003. In 2004 and 2005 there was good availability of hydro power in Nordic electricity markets 

and domestic condensing power production in Finland was replaced by imports of electricity. Total 

emissions from fuel combustion decreased by 22% from the 2003 record level compared with the 2005 level 

and were 0.4% above the 1990 level. In 2008 the need for condensing power produced mainlywith coal and 

peat decreased by 39 per cent from the year before and at the end of 2008 Finland was a net seller on the 

Nordic electricity market. However, electricity imports from Russia and Estonia increased, which kept the 

net imports of electricity growing slightly (Figure 3.1-4).  
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Figure 3.1-4 Greenhouse gas emissions from fuel combustion in electricity and heat production, net imports 

of electricity and conventional condensing power indexed (index 1990=100) for 1990-2008 (Energy 

Statistics, Yearbook 2009).  
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Table 3.1-3 Emissions from fuel combustion in Finland in 1990-2008 (Tg CO2  eq.). 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

1. Energy industries 54.6 53.1 52.4 54.4 59.6 56.2 61.9 60.2 57.0 56.4 54.4 59.7 62.2 69.7 65.6 54.0 65.2 63.2 55.0

A. Fuel combustion 54.3 52.9 52.2 54.0 59.4 55.9 61.6 59.9 56.8 56.2 54.2 59.5 62.1 69.5 65.4 53.8 65.0 63.0 54.8

CO2

1. Energy industries19.1 18.8 18.6 21.3 26.2 23.9 29.6 27.2 23.9 23.4 21.9 27.2 29.9 36.8 32.6 21.6 32.5 30.4 24.0

2. Manufacturing 

industries and 

construcion 13.2 12.7 12.2 12.3 12.6 12.0 11.9 12.1 11.7 11.7 11.7 11.3 11.0 11.3 11.4 11.2 11.4 11.3 10.6

3. Transport 12.8 12.4 12.3 11.9 12.2 12.0 12.0 12.6 12.7 12.9 12.8 13.0 13.1 13.4 13.7 13.7 13.9 14.3 13.6

4. Other sectors 7.31 7.15 7.26 6.78 6.42 5.96 6.09 6.10 6.19 6.10 5.71 5.95 5.89 5.80 5.64 5.42 5.24 5.12 4.76

5. Other 1.64 1.45 1.44 1.44 1.55 1.57 1.61 1.50 1.73 1.57 1.60 1.59 1.59 1.62 1.46 1.38 1.39 1.36 1.32

CH4 0.31 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.29 0.31 0.31 0.32 0.31 0.30 0.31 0.31 0.29

N2O 1.00 0.97 0.95 0.99 1.02 0.98 1.03 1.03 1.01 1.01 0.98 1.03 1.05 1.10 1.07 0.95 1.05 1.02 0.96 
Fuel combustion by fuel (PJ) and related CO2, CH4 and N2O emissions for 1990-2008 are given in Appendix_3b at the end of the Energy section.
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3.1.1.3 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 a technology-specific emission factor. When 

calculating CO2 emissions, adjustment with the fraction of carbon (un)oxidised is included. 

 

Calculations of all emissions from fuel combustion are made with the ILMARI calculation system developed 

at Statistics Finland. The ILMARI system has been specifically designed for the calculation of energy-based 

emissions. ILMARI uses mostly a bottom-up methodology consistent with the IPCC Tier 2 approach. 

ILMARI is closely connected to the energy statistics production and has links to economic statistics. The use 

of bottom-up data for emission calculation (fuel and emission data from environmental permits through the 

VAHTI data, see section 1.4 and Annex 2) makes it possible to take into account the changes in the 

technology of combustion processes. 

 

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 estimations of CO2, SO2, NO2, CO, 

CH4, N2O, NMVOC and PM (particulate matter) emissions of fuel combustion from the year 1990, except 

for year 1991. 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 technical data of the combustion processes, such as type of power plant, 

capacity, combustion technique, emission reduction technology, etc. 

 

The input data for ILMARI come from various models, databases and other information sources. The data 

sources of the ILMARI calculation system are presented in Figure 3.1-5. 

 

The production process of ILMARI and CRF 1.A data tables is described in Table 3.1-5. 

 

In the production process the data of point sources is firstly taken to ILMARI for checking and corrections. 

Thereafter the data from the transport models and heating energy model are imported and the total fuel 

consumption figures are compared with the total figures taken from the Energy statistics yearbook. If there 

are significant differences, the reasons will be studied and possible corrections made either to the Energy 

statistics data or the GHG inventory data, depending on the case. 

 

Calculation systems of mobile sources (LIPASTO and TYKO) are described in detail in section 3.3 

Transport. These models are originally designed for the calculation of transport emissions in the Finnish 

Economic Region, and the definitions of system boundaries are slightly different from the IPCC Guidelines. 

Therefore only selected parts of the results are taken to ILMARI. All data needed for domestic transport 

sources in the GHG inventory can be taken from LIPASTO and TYKO. Bunker fuels and natural gas in road 

transport are the only exceptions. 

 

Statistics Finland has decided the level of aggregation of data to be used in ILMARI, consistent with the 

IPCC 1996 GL and UNFCCC reporting guidelines, see Table 3.1-4. The breakdown (and coverage, as 

mentioned above) of data published in the VTT LIPASTO website (lipasto.vtt.fi/) are different from CRF 

categories, which must be noticed, when comparing the figures (Table 3.3-14).   

 

  

http://lipasto.vtt.fi/
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Table 3.1-4 The differences between LIPASTO reporting and greenhouse gas inventory. 

LIPASTO submodel GHG inventory 

ILMI (aviation) 
- includes domestic and international aviation 

(definition of international is different from IPCC) 

1.A 3a Civil aviation 
 - domestic aviation taken from ILMI 
 - bunkers are calculated separately 

LIISA (road transport) 
 - data reported by vehicle types 
 - natural gas not included 

1.A 3b Road transport 
 - data taken from LIISA reported by fuel categories 

 - natural gas included (separate calculation) 

RAILI (railways) 
- includes emissions from fuels and electricity used in 

railway transport 

1.A 3c Railways 
 - only emissions from fuels taken from RAILI 

MEERI (navigation) 
- includes domestic and international navigation 

(definition of international is different) 
 - breakdown by type of fleet/activity 
 - includes fishing 

1.A 3d Navigation 
 - domestic navigation taken from MEERI 
 - bunkers are calculated separately 
 - breakdown by fuel type 
 - fishing reported in 1.A 4c 

TYKO (non-road working machinery) 
- breakdown by machine type and fuel (over 50 

combinations) 

Breakdown by following categories (and fuel types) 
aggregated from TYKO: 

1.A 2f Other, construction 
1.A 3e Off-road vehicles and other machinery  
1.A 4c Agriculture/forestry/ fisheries 

 

 

A newer version of the ILMARI calculation system has been developed, starting from 2002. Emissions from 

2001 on have been calculated using this system. The calculation methods and formulas are the same as in the 

previous ILMARI, but the database system has been reconstructed. The activity data and time series 

consistency have been checked during 2005-2008. All results from the previous version of ILMARI have 

been converted to the present structure and stored in a specially developed time series database. Time series 

data by CRF category are produced using SAS Database queries and taken to the CRF Reporter via MS 

Excel sheets using the manual cut and paste operation. Some parts of the time series database are still under 

development (for example, a more automatic export of results to the CRF reporter). 
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Figure 3.1-5 Data sources in the ILMARI calculation system. 
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 Table 3.1-5 Production process of ILMARI and CRF 1.A data tables. 

Production of CRF data tables for sector 1.A Fuel combustion 

1. VAHTI data input to ILMARI Point source data input from database 

 Checks, corrections Missing data (plants, fuels, emissions) 
Erroneous data 
Order of magnitude errors 
Quantity units 
Fuel codes 

 New data for plants Technical data 
Classifications 
New emission factors 

 Comparison Totals by plants 
Previous yearsô data 
Other plant level data 
Companies environmental reports 
ñTop 20ò lists 

2. Lipasto data input to ILMARI Manual input of transport and non-road machinery data 

3. Energy Statistics data input to ILMARI Manual input of heating fuels data and other fuel 
consumption data 

4. Comparison to Energy Statistics Totals by fuel 

5. Final annual data sheet 
 (output to ILMARI, stored in SAS time series 
database) 

2 000 plants + 50 sectoral sources 
identification data, classifications, technical data, fuels, 
emission factors etc. 

6. CRF query from SAS database  
(output to excel sheets) 

SAS database functions 

7. CRF time series in excel sheets Manual cut and paste to CRF Reporter 

 

3.1.1.4 Key Categories  
 

Several emission sources in the energy combustion sector are key categories. The key categories in 2008 by 

level and trend, without LULUCF are listed in Table 3.1-6. 

Table 3.1-6 Key categories in Energy combustion (CRF 1.A) in 2008 (quantitative method used: Tier 2). 

IPCC source category Gas Identification criteria 

1.A. Fuel Combustion: Solid fuels CO2 L, T 
1.A. Fuel Combustion: Liquid fuels CO2 L, T 
1.A. Fuel Combustion: Gaseous fuels CO2 T 
1.A. Fuel Combustion: Other fuels CO2 L, T 
1.A 1 Energy industries - biomass N2O T 
1.A 1 Energy industries -other fuels N2O T 
1.A 3b. Road Transportation - diesel N2O L,T 
1.A 3b. Road Transportation - gasoline- Cars with 
Catalytic Converters N2O L, T 
1.A 3b. Road Transportation - gasoline - Cars 
without Catalytic Converters N2O L 
1.A 4. Other Sectors: Biomass CH4 L 
1.A 5. Other - other fuels (mostly indirect N2O 
from NOx) N2O L 
1.A 5. Other - other fuels  CH4 L 
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3.1.2 Fugitive emissions from fuels (CRF 1.B) 

3.1.2.1 Description 
 

Under fugitive emissions from fuels, Finland reports CH4 emissions from oil refining and from natural gas 

transmission and distribution and CO2, CH4 and N2O emissions from flaring at oil refineries and in the 

petrochemical industry. Indirect CO2 emissions from fugitive emissions from fuels have also been calculated 

from NMVOC and CH4 emissions for the whole time series. Reported emissions are listed in Table 3.1-7. 

 

Table 3.1-7 Reported emissions under the subcategory fugitive emissions from fuels in the Finnish 

inventory. 

CRF Source Emissions reported 

1.B 1 Solid fuels 
a. Coal Mining and Handling 
b. Solid Fuel Transformation 
c. Other 

 
NO 
NO 
NO 

1.B 2 Oil and Natural Gas 
a. Oil 
b. Natural Gas 
c. Venting and Flaring 
d. Other 

 
CO2, CH4 

CO2, CH4 

CO2, CH4, N2O 
CO2 

 

3.1.2.2 Quantitative overview 
 

Fugitive emissions from fuels comprise only about 0.2% of total greenhouse gas emissions in Finland. 

Emissions were totally 0.19 Tg in 2008 and 0.23 Tg in 1990. These emissions have decreased by 18% since 

the 1990 level (Table 3.1-8 and Figure 3.1-6) due to decreased emissions in oil refining, especially in flaring. 

Also indirect CO2 emissions from NMVOC emissions have decreased strongly in the time-series due to 

capture of gasoline fumes in petrol distribution network and in refuelling of cars, less evaporative emissions 

from cars and better storage of chemicals at the refineries. There have been some difficulties in oil refineries 

and petrochemical industry in 1993 and 1997 which caused higher flaring emissions. 

 

Emissions from natural gas transmission have remained almost at the same level for the whole period, only 

more extensive maintenance breaks with emptying of pipelines have caused some peaks of emissions. 

Natural gas distribution in town gas network started during 1991. The previously distributed town gas did not 

include CH4, thus the fugitive CH4 emissions were zero until 1990. Emissions of natural gas distribution 

were at its highest in 1994 and have halved since. 
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Figure 3.1-6 Fugitive emissions from fuels by subcategory in 1990-2008 (Gg CO2 eq.) 

 

3.1.2.3 Key Categories 
 

There were no key sources in this sector in 2008. 
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Table 3.1-8 Fugitive emissions from oil and gas (Gg). 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

CO2

1.B 2c Flaring 122 114 120 171 72 81 72 118 71 60 65 58 68 62 63 78 66 88 99

CH4

1.B 2a Oil refining 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 0.48 0.448 0.49 0.51 0.53

1.B 2b Natural gas 0.17 1.60 2.30 3.10 3.40 3.40 3.49 3.01 3.00 2.35 2.17 2.81 2.26 2.47 2.14 2.60 2.15 1.93 1.80

1.B 2c Flaring 0.0019 0.0018 0.0018 0.0026 0.0011 0.0012 0.0011 0.0018 0.0011 0.0009 0.0010 0.0009 0.0010 0.0010 0.0010 0.0012 0.0010 0.0013 0.0015

N2O

1.B 2c Flaring 0.0038 0.0035 0.0037 0.0053 0.0022 0.0025 0.0022 0.0036 0.0022 0.0018 0.0020 0.0018 0.0021 0.0019 0.0019 0.0024 0.0020 0.0027 0.0031

Indirect CO2 97 94 98 95 93 90 83 78 72 68 63 61 56 57 52 49 48 44 41

Total CO2 eq. 231 251 275 341 247 251 238 268 217 187 184 187 182 181 170 192 170 184 190  
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3.2 Energy industries and Manufacturing industries and 
Construction (CRF 1.A 1, CRF 1.A 2) 

3.2.1 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 subcategory and gas in 1990-2008 are presented in Table 3.2-1.  

 

The emissions from Manufacturing industries and construction by relevant subcategory and gas in 1990-

2008 are presented in Table 3.2-2. 

 

In 2008, the greenhouse gas emissions from Energy industries amounted to 24.3 Tg and Manufacturing 

industries and construction amounted to 10.8 Tg CO2 equivalent. The share of energy industries was 44% of 

energy sectorôs total emissions. The share was 20% in manufacturing industries and construction. These two 

subsectors accounted together for 50% of the total greenhouse gas emissions of Finland. 

 

Regarding the annual variations of total greenhouse gas emissions in the Finnish GHG inventory, CO2 

emissions from Public power and heat production are dominant, as shown in Figure 3.2-1. (see also section 

2.3 and Figure 3.1-2). 
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Figure 3.2-1 Effect of CO2 emissions of 1.A 1a Public Electricity and Heat Production to total CO2 

equivalent emissions  
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Table 3.2-1 The emissions from Energy industries by relevant subcategory and gas in 1990-2008 (Tg CO2). 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Energy industries 19.2 19.0 18.7 21.5 26.4 24.1 29.8 27.4 24.2 23.7 22.1 27.5 30.3 37.2 33.0 21.9 32.9 30.8 24.3

CO2 19.1 18.8 18.6 21.3 26.2 23.9 29.6 27.2 23.9 23.4 21.9 27.2 29.9 36.8 32.6 21.6 32.5 30.4 24.0

Public electricity and 

heat production 16.5 16.2 16.0 18.7 23.3 21.0 26.5 24.4 20.9 20.3 19.0 24.4 26.9 33.7 29.4 18.7 29.4 27.3 20.9

Petroleum refining 2.26 2.25 2.25 2.20 2.59 2.56 2.77 2.51 2.64 2.68 2.55 2.53 2.73 2.80 2.79 2.59 2.68 2.76 2.77

Manufacture of solid 

fuels and other energy 

industries 0.35 0.35 0.36 0.37 0.33 0.32 0.30 0.34 0.38 0.42 0.35 0.32 0.36 0.39 0.42 0.39 0.40 0.35 0.33

CH4

Total 0.008 0.009 0.009 0.010 0.012 0.013 0.015 0.016 0.016 0.016 0.015 0.019 0.024 0.028 0.025 0.020 0.025 0.023 0.021

N2O

Total 0.13 0.14 0.15 0.17 0.19 0.20 0.23 0.23 0.23 0.23 0.21 0.26 0.30 0.34 0.32 0.26 0.34 0.34 0.31 

Table 3.2-2 The emissions from Manufacturing industries and construction by relevant subcategory and gas in 1990-2008 (CO2 eq, Tg). 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Manufacturing industries and construction13.4 12.9 12.4 12.5 12.8 12.2 12.1 12.3 11.9 11.9 11.9 11.5 11.2 11.5 11.6 11.3 11.6 11.4 10.8

CO2 13.2 12.7 12.2 12.3 12.6 12.0 11.9 12.1 11.7 11.7 11.7 11.3 11.0 11.3 11.4 11.2 11.4 11.3 10.6

Iron and steel 2.56 2.62 2.68 2.90 2.96 2.74 2.88 3.20 3.35 3.42 3.69 3.31 3.36 3.59 3.56 3.67 3.79 3.41 3.26

Non-ferrous metals 0.34 0.23 0.14 0.17 0.14 0.11 0.11 0.13 0.13 0.14 0.14 0.15 0.13 0.12 0.11 0.10 0.10 0.10 0.10

Chemicals 1.29 1.26 1.24 1.26 1.34 1.37 1.34 1.27 1.16 1.15 1.18 1.25 1.17 1.30 1.29 1.33 0.92 0.94 0.94

Pulp, paper and print 5.34 5.16 4.98 4.95 5.17 4.83 4.63 4.57 4.25 4.18 4.06 3.92 3.68 3.81 3.94 3.58 4.09 4.32 3.86
Food processing, 

beverages and tobacco0.82 0.79 0.76 0.72 0.72 0.70 0.66 0.61 0.56 0.49 0.32 0.32 0.32 0.26 0.25 0.21 0.20 0.18 0.15

Other 2.90 2.67 2.43 2.30 2.28 2.30 2.31 2.29 2.29 2.33 2.35 2.35 2.34 2.26 2.29 2.28 2.34 2.32 2.31

CH4

Total 0.013 0.012 0.012 0.014 0.014 0.015 0.014 0.015 0.014 0.015 0.015 0.014 0.014 0.014 0.014 0.014 0.015 0.014 0.013

N2O

Total 0.173 0.160 0.148 0.165 0.170 0.167 0.171 0.187 0.183 0.189 0.189 0.183 0.173 0.174 0.182 0.170 0.163 0.156 0.149 
Fuel combustion CO2, CH4 and N2O emissions by fuels for 1990-2008 are given in Appendix_3b at the end of the Energy section.
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3.2.2 Methodological issues  

3.2.2.1 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, see section 

3.3.5.) are based on actual bottom-up data. In the ILMARI system emissions are calculated using the annual 

fuel consumption. Fuel combustion data are available by installation and by fuel type. For each point source, 

SO2, PM, NOx  and CO2 emissions are reported plant by plant. In the ILMARI system, SO2, PM and NOx 

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 summarised and compared with total 

CO2 emissions reported by the same plant. 

 

The basic calculation formulas used in the calculations are the following:  

 

Carbon dioxide: 

 

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

 

Other greenhouse gases: 

 

E = F * EF(technology)  

 

F = fuel consumption (by combustion unit and by fuel type) 

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 installation (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 (like Tier 2 or Tier 3
3
, Revised (1996) 

Guidelines) method using detailed activity (fuel consumption) data and fuel-specific emission factors. For 

working machinery see section 3.3.5. 

 

The SO2 and NOx emissions are based on the emission data reported by the plants and recorded in the 

VAHTI system. The emissions are allocated to fuel-based emissions (CRF 1) by each fuel and non-fuel-

based, i.e. process emissions (CRF 2). 

 

The allocation of fuel combustion and process CO2 emissions in Iron and steel sector is described in section 

4.4. 

 

The emissions of CH4, N2O and CO are based on a country-specific method (Tier 2 or Tier 3, 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). 

3.2.2.2 Emission factors and other parameters 
 

Mainly country-specific or plant-specific emission factors are used in the calculations, although for some 

rare fuels IPCC default emission factors are used. CO2 emission factors, oxidation factors and default net 

caloric values for different fuels are presented in Table 3.2-3.  

                                                      
3 Bottom-up installation level activity and technology data; technology dependent non-CO2 

emission factors. 
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 Table 3.2-3 CO2 emission factors, oxidation factors and net caloric values by fuel. 

Fuels NCV Unit Emission factor          
g CO2/MJ 

Oxidation factor Source of 
emission factor 

Liquid fuels      

Town gas 16.9 GJ/1000 m3 59.4 0.995 Neste 1993 

Refinery gas (+ other gases) 49 (45-55) GJ/t 53-71.4 0.995 Plant-specific  

LPG (liquefied petroleum gas) 46.2 GJ/t 65 0.995 Neste/ET2004 

Naphta 44.3 GJ/t 72.7 0.995 EE 

Motor gasoline 43 GJ/t 72.9 1 VTT/Liisa 
Model/Neste 

Aviation gasoline 43.7 GJ/t 71.3 1 EE/Neste 

Jet fuel 43.3 GJ/t 73.2 1 EE /Fortum 2002 

Other kerosenes (vaporising oil, lamp 
kerosene) 

43.1 GJ/t 71.5 0.995 EE/IPCC1996 

Diesel oil 42.8 GJ/t 73.6 1 VTT/Liisa 
Model/Neste 

Gasoil (light fuel oil, heating fuel oil) 42.7 GJ/t 74.1 0.995 Neste/EE 

Gasoil (for non-road use) 42.8 GJ/t 73.6 1 EE (same as diesel 
oil) 

Residual fuel oil (heavy fuel oil), low 
sulphur 

41.1 GJ/t 78.8 0.995 Neste/EE 

Residual fuel oil (heavy fuel oil), 
normal 

40.5 GJ/t 78.8 0.995 Neste/EE 

Other residual fuel oil (heavy bottom 
oil) 

40.2 GJ/t 79.2 0.995 Neste/EE 

Petroleum coke 33.5 (20-36) GJ/t 97 (90-102) 0.995 Plant-specific  

Recycled waste oil 41 GJ/t 78.8 0.995 EE (=RFO) 

Other petroleum products 35 (30-47) GJ/t 78.8 (65-78.8) 0.995 EE (=RFO) 

Solid fuels      

Anthracite 33.5 GJ/t 98.3 0.99 IPCC1996 

Hard coal (bituminous) 25.5 (21-32) GJ/t 94.6 0.99 StatFi 2005 

Coal briquettes 30 GJ/t 94.6 0.99 EE 

Coal tar 36.5 GJ/t 90.6 0.99 Plant-specific 

Coke 29.3 (25-35) GJ/t 108 0.99 IPCC1996 

Coke oven gas 16.7 GJ/1000 m3 41.5 0.99 Plant-specific 

Blast furnace gas 11.2-11.5 
3.6 

GJ/1000 m3 155 
263-265 

0.99 Plant-specific 

Gaseous fuels      

Natural gas 36 GJ/1000 m3 55.04 0.995 Gasum 2005 

Gasified solid waste* 13.3 (7-30) GJ/1000 m3 59 0.99 EE 

Biomass fuels      

Wood fuels (solid, includes e.g. 
firewood, bark, chips, sawdust and 
other industrial wood residues, 
recycled wood, pellets and briquettes) 

7.8ï16 GJ/t 109.6 0.99 IPCC1996 

Black and sulphite liquors 7.3ï15 GJ/t 109.6 0.99 IPCC1996 

Other by-products from wood 
processing industry (includes e.g. 
pine oil and tar, methanol, fibrous 
sludge, waste paper, stink gas, etc.) 

3ï37 
20 

GJ/t 
GJ/1000 m3 

109.6 
59 

0.99 IPCC1996, 
VTT2045, EE 

Plant and animal residues 10-35 GJ/t 109.6 0.99 EE (=wood) 

Biogas (landfill gas, biogas from 
wastewater treatment, industrial 
biogas and other biogas) 

15ï20.5 GJ/1000 m3 56.1 0.99 EE 

Hydrogen 10.8 GJ/1000 m3 0   

Other fuels, peat      

Peat (milled) 10.1 GJ/t 105.9 0.99 VTT 2003 
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Fuels NCV Unit Emission factor          

g CO2/MJ 
Oxidation factor Source of 

emission factor 

Peat (sod peat) 12.3 GJ/t 102 0.99 VTT 2003 

Peat (pellets and briquettes) 20.9 GJ/t 97 0.99 VTT 2003 

Other fuels, wastes etc.      

Mixed fuels* (REF, RDF, PDF, MSW) 10ï21 GJ/t 31.8 0.99 StatFi 2004 

Demolition wood* 8-15 GJ/t 17.0 0.99 StatFi 2004 

Impregnated wood* 12 GJ/t 11.4 0.99 StatFi 2004 

De-inking sludge* 4 GJ/t 60 0.99 EE 

Other residues and by-products 30 GJ/t 78.8 0.99 EE 

Plastics waste 33 (25-40) GJ/t 74.1 0.99 EE 

Rubber waste 33 GJ/t 90 0.99 StatFi 2004 

Hazardous waste 15 (10-15) GJ/t 117 0.99 Ekokem 2004 

Other non-specified waste (industrial 
waste, etc.) 

15ï30 GJ/t 75 0.99 EE 

* Mixed fuels: contains fossil and non-fossil carbon; the CO2 emission factor refers only to the fossil fraction of total energy content. 

 
Sources: 
EE: expert estimation  Kari Grönfors, Statistics Finland 

Neste 1993:  Composition and properties of natural gas and liquefied petroleum gas (in Finnish) 

Neste: product data sheets, personal communications 
VTT/Liisa Model: Calculation system of road traffic emissions 

StatFi 2004: Mixed fuels in Finlandôs greenhouse gas inventory and on compilation of the energy statistics (Masters Thesis of Minna Jokinen) 

StatFi 2005: Research of Teemu Oinonen (not published, see Annex 3) 
Ekokem 2004: Environmental report 2004 

Gasum 2005: personal communication 

VTT2045: Properties of fuels used in Finland, VTT 2000 
Fortum 2002: Composition of kerosenes  

VTT 2003: Vesterinen 2003 

 

The default NCVs are practically constant over time. There are some exceptions concerning plant specific 

fuels like refinery gases, BFG and certain waste-derived fuels. 

 

The operators should report to VAHTI system both fuel quantities as well as energy contents of the fuels 

used. Thus in bottom-up data there are some variations in the NCVs. The annual average values of reported 

data are compared to the default NCVs. Also plant level NCVs are compared to default NCVs, as described 

in section 3.2.4. 

 

Peat is in the Finnish greenhouse gas inventory reported as a subcategory of Other fuels. There are several 

reasons for reporting peat separately from the Solid fuels. In our inventory Solid fuels include hard coal, 

coke and other fuels derived from coal (BFG, coke oven gas). These coal based fuels are originally imported, 

whereas peat is domestic energy source. This categorisation follows the practise used in national energy 

statistics as well as in the IPCC 2006 Guidelines.  

 

Peat is one of the main fuels in Finland. It is the fourth largest fuel (after wood, hard coal and natural gas), 

representing over 6% of Total primary energy supply (TPES) and over 8% of combustible fuels. Its share is 

higher than for example the share of any liquid fuel. The share of peat is generally around half of the share of 

hard coal, but varies considerable, like the share of hard coal, too. The CO2 emission factor of peat is clearly 

higher than the emission factor of hard coal. If the figures of peat and hard coal were combined, this would 

cause significant variation in the implied emission factor of the Solid fuels. Also other properties of peat and 

hard coal are very different, thus in the case of Finland it is not reasonable to aggregate them to the same fuel 

category (see Table 3.2-4).  

 

In Appendix_3b there are the shares of each fuel in fuel combustion sector. In the inventory and CRF 

Reporter peat is reported separately as a subcategory of Other fuels. In the printed CRF tables it becomes 

summarised with relatively small amount of other fuels consisting mostly of wastes and waste derived fuels. 

Table 3.2-4 Comparison of typical properties of peat and hard coal. 

 Peat Hard coal 

Origin Domestic, local Imported 
Transport distance Less than 100 km Thousands of kilometres 
Renewability Slowly renewable (growing stock) Fossil (non-renewable stock) 
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 Peat Hard coal 

Geological age Less than 10 000 years Millions of years 
Plant type Usually multi-fuel fired power plants using 

woodfuels as well 
Usually single-fuel fired plants 

Combustion technology Usually fluidised bed combustion Usually pulverised combustion 
Scale Usually mid-scale (10 - 500 MWth) Usually large-scale (500 - 1 500 MWth) 
NCV 10-13 GJ/t 25 GJ/t 
Moisture content 40 - 50% 5% 
Emission factor, CO2 106 95 

 

The CO2 emission factor of natural gas (55.04 g/MJ) is clearly lower than IPCC default value (56.1 g/MJ). 

All natural gas used in Finland is imported from Russia and consists almost totally (>98%) of methane. The 

sole importer of natural gas (Gasum Oy) has started monitoring of monthly CO2 EF from January 2005. 

Monthly emission factors from January to August 2005 varied between 54.99 and 55.09 g/MJ. Usually the 

emission factor is lower in the wintertime and higher in the summertime. Based on this information Statistics 

Finland decided to use 55.04 g/MJ as annual average emission factor, although the second decimal represents 

likely a ñtoo accurateò value (personal communications with Arto Riikonen and Tuomo Saarni from Gasum 

Oy, 2005).  

 

The CH4, N2O, CO and NMVOC emission factors used in the Finnish inventory were originally based on the 

compilation of research data by Prosessikemia Oy (Boström et al. 1992; Boström 1994) and they have been 

revised using the results of the research study by VTT (Tsupari et al. 2005; Tsupari et al. 2006, see below).  

 

Prosessikemia Oy provided the emission factors for the inventory calculations of the year 1990 for Finlandôs 

first national communication to the UNFCCC. The emission factor database has been expanded to fit 

ILMARIôs 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 judgment (when no data 

have been available from other sources).  

 

The research study at VTT Technical Research Centre of Finland has evaluated the non-CO2 (CH4 and N2O) 

emission factors used in the Finnish inventory. In 2005 VTT measured the non-CO2 emissions at several 

power plants in Finland. The power plants were selected based on a literature survey on the emissions and 

advice from the projectôs management group with representatives from administration and industry. The 

emissions were measured at the plants during longer periods to cover start-ups, partial loads and other 

exceptional conditions as well. The results of the study were published in late 2005 and in 2006 and 2007 

(Tsupari et al. 2005; Tsupari et al. 2006; Tsupari et al. 2007). The results of this study have been used in the 

calculation of time series. All emission factors used in the ILMARI system were checked and revised 

according to the VTT study. The CRF tables and Inventory Report were updated accordingly at that time. 

 

Emission factors for small combustion are partly IPCC default and partly taken from the reference Boström 

et al. (1992). Emission factors for CH4 and N2O for small combustion of wood were revised taking into 

account the VTT study. 

 

CH4 and N2O emission factors by main category/fuel are presented in Table 3.2-5 and Table 3.2-6 
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Table 3.2-5 CH4 emission factors of stationary sources in the ILMARI calculation system. 

Type of installation Main category Combustion technique* / Fuel 
capacity, MW 

Emission 
factor, 
mg/MJ 

Coal fired boiler 10 (>80% coal) and 81 (50% - 80% coal) CFB/BFB/PFB / < 15 4 
  CFB/BFB/PFB / > 15 1 
  Other (grate, pulverised comb., not 

specified / < 50 
4 

  Other (grate, pulverised comb., not 
specified / > 50 

1 

Peat fired boiler 40 (>80% peat) and 84 (50% - 80% peat) CFB/BFB/gasification / > 50  3 
  CFB/BFB/gasification / 5 - 50 4 
  CFB/BFB/gasification / < 5 10 
Wood/bark fired boiler 50 (> 80% wood) and 85 (50% - 80% wood)  CFB/BFB/gasification / >50 3 
  CFB/BFB/gasification / 5 - 50 4 
  CFB/BFB/gasification / < 5 10 
Multi-fuel fired boiler 88 (no primary fuel > 50%) CFB/BFB/gasification / > 50 3 
  CFB/BFB/gasification / 5 - 50 4 
  CFB/BFB/gasification / <1 10 
  Other (grate, pulverised comb., not 

specified / 5 - 50 
10 

  Other (grate, pulverised comb., not 
specified / 1 - 5 

50 

  Other (grate, pulverised comb., not 
specified / <1 

200 

  Other (grate, burner, not specified / > 50 2 
Oil fired boiler 30 (> 80% oil) and 83 (50% - 80% oil) All / > 1 1 
  All / <1 5 
Gas fired boiler 60 (> 80% gas) and 86 (50% - 80% gas) All / >1 1 
  All / <1 5 
Soda recovery boiler 70 (> 80% black liquor) All 1 
Gas turbine 121 (gas turbine plant, oil) and 123 (gas 

turbine plant, other) 
All / < 50 3 

  All / > 50 1 
Gas turbine 122 (gas turbine plant, gas) and 130 

(combined cycle power plant) 
All / < 5 3 

  All / > 5 1 
Engines 141 (diesel power plant, oil) and 143 (diesel 

power plant, other liquid fuel) 
Diesel / < 50 4 

  Diesel / > 50 2 
Gas engines 142 (natural gas fired engines) and 143 

(biogas fired engines) 
Otto or Diesel engine 240 

Processes 90 (other combustion, not specified)  1 
 91 (mesa kiln)  1 
 92 (hospital waste incineration)  1 
 93 (asphalt station)  1 
 94 (coking plant)  1 
 95 (drying oven)  1 
 96 (blast furnace)  1 
 97 (sinter plant)  1 
 98 (rolling mill)  1 
 99 (melting oven)  1 
 100 (brick furnace)  1 
 101 (cupola oven)  1 
*  CFB = Circulating Fluidised Bed, 

 BFB = Bubbling Fluidised Bed 
 PFB = Pressurised Fluidised Bed 

Sources: 
Expert estimates by Statistics Finland based mainly on the VTT studies (Tsupari et. al., 2005, Tsupari et. al., 2006 and Tsupari et al., 2007) 

http://www.vtt.fi/inf/pdf/tiedotteet/2005/T2321.pdf 

http://www.vtt.fi/inf/pdf/workingpapers/2006/W43.pdf 

 

http://www.vtt.fi/inf/pdf/tiedotteet/2005/T2321.pdf
http://www.vtt.fi/inf/pdf/workingpapers/2006/W43.pdf
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Table 3.2-6 N2O emission factors of stationary sources in the ILMARI calculation system. 

Type of installation Main category Combustion technique* Emission 
factor, 
mg/MJ 

Coal fired boiler 10 (>80% coal) and 81 (50% - 80% coal) CFB 30 
 10 (>80% coal) and 81 (50% - 80% coal) BFB/PFB 20 
 10 (>80% coal) and 81 (50% - 80% coal) Grate + combined techniques, not 

specified 
3 

 10 (>80% coal) and 81 (50% - 80% coal) Pulverised comb. 1 
Peat fired boiler 40 (>80% peat) and 84 (50% - 80% peat) CFB 7 
  BFB + combined  techniques 3 
  Grate + combined techniques, 

pulverised comb., gasification, not 
specified 

2 

Wood/bark fired boiler 50 (> 80% wood) and 85 (50% - 80% wood)  CFB 7 
  BFB 3 
  Grate + combined techniques, 

gasification, not specified 
1 

Multi-fuel fired boiler 88 (no primary fuel > 50%) CFB 7 
  BFB + combined  techniques 3 
  Grate + combined techniques, 

pulverised comb., not specified 
2 

Oil fired boiler > 50 MW 30 (> 80% oil) and 83 (50% - 80% oil) All  1 
Oil fired boiler < 50 MW 30 (> 80% oil) and 83 (50% - 80% oil) All  3 
Gas fired boiler 60 (> 80% gas) and 86 (50% - 80% gas) All 1 
Soda recovery boiler 70 (> 80% black liquor) All 1 
Gas turbine 121 (gas turbine plant, oil) and 123 (gas 

turbine plant, other) 
All 4 

Gas turbine 122 (gas turbine plant, gas) and 130 
(combined cycle power plant) 

All 1 

Engines 141 (diesel power plant, oil) and 143 (diesel 
power plant, other liquid fuel) 

Diesel  4 

Gas engines 142 (natural gas fired engines) and 143 
(biogas fired engines) 

Otto or Diesel engine 1 

Processes 90 (other combustion, not specified)  2 
 91 (mesa kiln)  1 
 92 (hospital waste incineration)  1 
 93 (asphalt station)  1 
 94 (coking plant)  1 
 95 (drying oven)  1 
 96 (blast furnace)  1 
 97 (sinter plant)  1 
 98 (rolling mill)  1 
 99 (melting oven)  1 
 100 (brick furnace)  1 
 101 (cupola oven)  1 
*  CFB = Circulating Fluidised Bed, 

 BFB = Bubbling Fluidised Bed 

 PFB = Pressurised Fluidised Bed 

Sources: 
Expert estimates by Statistics Finland based mainly on the VTT studies (Tsupari et. al., 2005, Tsupari et. al., 2006 and Tsupari et al., 2007) 

http://www.vtt.fi/inf/pdf/tiedotteet/2005/T2321.pdf 
http://www.vtt.fi/inf/pdf/workingpapers/2006/W43.pdf 

3.2.2.3 Activity data  
 

Activity data for the ILMARI calculations are collected from several data sources. The detailed bottom-up 

data for point sources are collected mainly from the VAHTI system (see also section 1.4 and Annex 2). 

Supplementary data are obtained from other plant level data sources.  

 

The VAHTI data contain, for example: 

 

- basic data like identification of plants, location, etc. 

http://www.vtt.fi/inf/pdf/tiedotteet/2005/T2321.pdf
http://www.vtt.fi/inf/pdf/workingpapers/2006/W43.pdf
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- technical data like boiler or process type, emission reduction technology, capacity, etc. 

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

processes, etc.) 

- emission data (annual emissions from these point sources.) 

 

The VAHTI system includes 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, SO2, NOx, PM emission data are used as input for the ILMARI 

system. This input data from the VAHTI system are supplemented with plant level data taken from other 

sources like: 

 

- fuel consumption statistics of energy and manufacturing industries (survey by Statistics Finland) 

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

- district heating statistics (survey by the Finnish District Heating Association) 

- structural business statistics (survey by Statistics Finland) 

- business register (by Statistics Finland) 

- data from emission trading system (by Energy Market Authority). 

 

Individual plants and boilers from the VAHTI data are linked to statistical data collection units (local kind-

of-activity unit) to allow comparisons with a fuel consumption census and business surveys made by 

Statistics Finland. This linking enables the use of standard classifications, such as the NACE code, which is a 

pan-European classification system of economic activities. Fuel codes used in the VAHTI system are also 

linked to the national fuel classification.  

 

The total number of plants (sites) included in the ILMARI system is ~1,000, including ~2,000 individual 

combustion units or process installations.  

 

Fuel combustion totals by fuel (PJ) as well as greenhouse gas emissions by fuel for 1990-2008 are given in 

Appendix_3b at the end of the Energy section. 

 

The fuel consumption by fuel categories in Energy industries and Manufacturing industries and construction 

is presented in Table 3.2-7. ñOther fuelsò includes peat and waste-derived fuels, which are shown separately. 

These fuels can be now also found in their own categories in CRF reporter. 
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Table 3.2-7 Fuel consumption in Energy industries (CRF 1.A 1) and Manufacturing industries and construction (CRF 1.A 2) in 1990-2008 (PJ), amounts of the most used fuels 

will be included this table for the submission of March 2010 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Energy industries

Liquid fuels 38.5 38.9 39.3 39.7 45.9 43.2 49.0 42.0 42.9 43.7 37.1 40.7 44.9 43.8 38.2 38.0 40.5 41.3 36.0

Solid fuels 101.4 92.9 84.5 105.6 140.1 109.1 154.3 134.4 91.7 93.6 91.2 112.7 131.7 189.5 164.7 76.6 162.8 141.1 93.0

Gaseous fuels 47.8 50.2 52.5 57.2 64.5 68.8 75.0 74.0 92.7 92.7 95.5 105.4 104.7 119.6 113.8 104.2 111.9 96.6 103.9

Biomass 3.1 4.0 4.8 9.8 14.0 16.2 18.5 24.3 28.4 35.2 34.7 38.9 51.0 59.5 60.3 60.8 65.3 57.9 71.2

Other 37.7 41.3 44.9 49.9 58.4 64.4 70.2 70.7 67.4 60.0 50.8 75.0 81.8 89.2 78.7 60.1 80.7 89.7 70.2

 - Peat 37.7 41.3 44.9 49.8 57.6 63.6 70.1 70.5 66.1 58.4 50.2 74.2 80.0 86.7 75.2 55.8 77.5 85.1 65.2

 - Waste 0.01 0.01 0.01 0.08 0.76 0.82 0.10 0.23 1.33 1.68 0.61 0.83 1.87 2.51 3.50 4.29 3.14 4.58 5.00

Manufacturing industries and construction

Liquid fuels 59.8 56.8 53.6 50.9 53.0 53.7 52.1 52.9 55.0 56.4 55.1 54.2 53.5 54.0 56.1 54.3 53.8 52.2 49.6

Solid fuels 43.6 40.7 37.9 38.4 38.3 33.7 31.4 32.2 30.9 30.8 31.0 28.0 26.9 27.1 27.3 27.6 25.9 22.6 23.4

Gaseous fuels 40.0 40.9 41.8 42.8 44.2 43.1 40.8 39.5 38.2 38.5 39.9 41.7 40.1 39.4 40.6 37.0 39.4 42.7 40.0

Biomass 130.2 126.8 123.4 150.8 154.5 156.0 151.5 175.6 179.7 191.9 192.1 173.9 181.2 178.6 190.5 170.3 199.7 193.1 180.3

Other 15.8 15.1 14.5 15.3 16.7 16.5 18.6 18.8 16.1 14.8 14.1 14.3 13.2 16.3 15.2 15.0 18.6 19.7 19.3

 - Peat 14.1 13.6 13.1 13.8 15.2 14.9 16.4 16.5 13.6 12.4 11.4 11.6 10.6 13.2 12.5 12.2 15.1 16.1 15.1

 - Waste 1.67 1.54 1.44 1.47 1.55 1.57 2.24 2.28 2.53 2.39 2.69 2.68 2.62 3.10 2.71 2.75 3.55 3.58 4.14 
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3.2.3 Uncertainties and time seriesô consistency 
 

Quantitive estimates of uncertainty are provided in Annex 5. The annex also documents assumptions made 

for the analysis. An overview is provided in Section 1.7. 

 

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 ±4% in Finland in 2008. 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 total use of peat fuel and biomass cannot be estimated by using differences between 

different statistics. Peat is an entirely domestic fuel and therefore import figures cannot be used to justify 

total consumption. However, uncertainties can be estimated comparing differences in plant level data. 

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 much and because industrial plants, such as pulp and 

paper mills, burn their product residues ï the amount of which is not known as exactly 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 fairly aggregated level, 

i.e. by fuel type rather than by sector. Uncertainties in CO2 emission factors of oil, gas and coal are small 

(±1%-3%), because the carbon content of these fuels is relatively constant and carbon is nearly completely 

oxidised in combustion. 

 

Uncertainty in the CO2 emission factor for peat might 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 used represents fairly 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 reduction technologies).  

 

The research and measurement project at VTT on non-CO2 (CH4 and N2O) emission factors from stationary 

sources in Finland (Tsupari et. al. 2005 and Tsupari et. al. 2006) has given new information on the emission 

factors and uncertainties of these emissions. Based on this study, ±60% uncertainty was chosen for CH4 and 

N2O emission factors in all stationary combustion categories. 

 

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 (see Section 1.7). A detailed description of the methodology 

of the uncertainty analysis has been presented in Monni & Syri (2003) and Monni (2004). 
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During 2005-2007 the whole time series was checked to remove possible inconsistencies in the earlier 

inventories caused by missing data of some plants, changing classifications, etc. Most of these corrections 

were already included in the previous submissions (2006 - 2008), but as the work has been continued, some 

additional corrections have been made in the present inventory. Overall, methodologies and data sources are 

now as consistent as possible with reasonable resource demands. The only exception is the year 1991; the 

point source data of 1991 are not included in the ILMARI system. Instead of the actual point source data, the 

inventory for 1991 is partly based on interpolation between the years 1990 and 1992 at CRF source category 

and fuel category level. 

3.2.4 Source-specific QA/QC and verification 
 

The quality objectives and the QA/QC plan for the Finnish greenhouse gas inventory at the national 

inventory level are presented in Section 1.6. 

 

There are several QC procedures which are used in the ILMARI system. 

 

The most resource demanding and the most important QC procedure is the checking of point sourcesô 

bottom-up fuel data, which are used for emission calculation. There are automatic checking routines included 

in the data input process. For example, fuel data should be reported in physical quantities (t or 1,000 m
3
) as 

well as in energy quantities (TJ). If both quantity values are reported, the NCV is calculated and compared 

with the default NCV of this fuel. If the calculated value is out of range, data will be marked for checking. If 

either the physical quantity or energy is missing, the missing value will be calculated using the default NCV. 

If neither the quantity nor energy has been reported, then missing data will be taken from other available data 

sources. For certain non-standard fuel types both the fuel code and the fuel quantity data will be marked for 

checking in any case. After the data input process there will be numerous manual checks, like comparison 

with previous yearsô data (totals and single values), comparison with other fuel data sets,òtop 20ò lists, etc. 

 

ILMARI system is a part of the Statistics Finland´s YEIS database system. In the YEIS there are links 

between records from three different sets of bottom-up fuel data, which are included in the same database 

system: 

 - ILMARI/VAHTI, installation data 

 - manufacturing industry fuel survey; local kind-of-activity-unit data 

 - energy production survey; production site data. 

 

The total sum of fuels is automatically summed up in appropriate unit/plant level in each data set, and the 

results are taken to ILMARI, where they can be compared. This checking has been performed selectively. 

 

Data for all major industrial plants and power plants are checked and corrected if needed. The top 20 method 

means that for most fuel types at least 20 most important users are checked by comparing with previous 

years and/or with other available data sets. In the case of Finland, this checking method usually covers some 

80 to 90% of the most important fuels. 

 

Both the original data from the VAHTI system and possibly corrected data are stored in the ILMARI system, 

thus corrections can be checked afterwards, if needed. The results of point source checks are presented in 

Table 3.2-8. 

Table 3.2-8 The results of the point source QC procedures for 2008 data. 

 Number Quantity PJ 

Fuel records total  

(corrected values) 

2 702 52 934 733 

Fuel records original 2 301 57 113 913 

Non-corrected original 1 968 33 982 474 

Imputed fuel records 422 3 443 77 

TJ corrected 203 0 -59 

Quantity corrected 44 -4 127 0 

Quantity and TJ corrected 88 -4 140 -197 

Fuel code corrected 46 1 114 15 

Total corrected records (net Quantity and PJ corrections) 734 -4 828 -179 
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Note: Values of corrections do not add up; there are deleted records (double values) as well as imputed 

records (missing data). The last row shows total net corrections. Quantity includes figures in 1,000,000 m
3
 

and 1,000 tonnes depending on the fuel type. These figures represent the first round of calculation. After the 

second round there will be some more corrections, mainly more imputed fuel records.  

 

After the point sourcesô data have been checked, the data from the transport models and heating energy 

model are imported to ILMARI system and the total fuel consumption figures are compared with the total 

figures taken from the Energy statistics yearbook. If there are notable differences, the reasons will be studied 

and possible corrections made either to the Energy statistics data or the GHG inventory data, depending on 

the case. 

 

Both the Energy statistics compilation and the GHG inventory are prepared side by side and they have links 

to each other. For example, total use of peat in Finland is mostly based on bottom-up calculation. This means 

that energy surveys and GHG inventory data are used to complement each other to find out the total 

consumption of peat. 

 

CO2 emissions are also checked in the plant level data. The ILMARI system includes calculated CO2 

emissions from each fuel batch. It also includes plant level CO2 emissions reported by the plant operators to 

the VAHTI system, but those data are not split between different fuels and non-fuel based emissions 

(although CO2 from biomass is separated from fossil CO2). The reported data are compared with the 

calculated data and out-of-range differences are checked. 

 

Each year the latest inventory calculations (activity data and CO2 emissions) are verified by cross-checking 

the results against the national energy balance. This reference calculation is based on energy balance and 

shows activity data (PJ) and CO2 emissions. The idea of this cross-checking is to compare the results of 

bottom-up calculation (reported as the Sectoral approach in the CRF data) with top-down calculation (from 

the energy balance sheet). Figures based on the energy balance are aggregated to the best-matching CRF 

source categories and the best-matching CRF fuel categories. (Note: for 2008 calculation this checking has 

not yet been performed due to late finalisation of national energy balance.) 

 

The cross-checking of installationsô combustion technology and other technical properties (capacity, main 

fuel, emission reduction equipment, process type, etc.) for point sources in CRF 1.A 1 and 1.A 2 for the 

whole time series was mainly completed in 2005 and reported in the previous inventory submission although 

some minor corrections have been (and will be) done annually after 2005. 

 

An important quality check is the implied emissions factor (IEF) graph in CRF Reporter. When time series 

of activity and emission data are fed in CRF Reporter by sub-sectors and fuel categories, IEFs are checked 

visually. If there are inconsistencies, the underlying data are checked and corrected if needed. 

 

Finnish Environment Institute (FEI) calculates the final data for the UNECE Air Pollutant inventories. The 

calculation system is separate from the GHG calculation system, but uses the same basic data sources for 

calculation of emissions from fuel combustion. The annual calculation in FEI is performed a bit later than the 

GHG inventory and thus the source data set usually includes more updated data than one used in the GHG 

inventory. The list of corrections made to database of FEI is available only for the reporting on 15 March. 

This independent calculation system is used as a verification tool for GHG inventory, and moreover, as 

source of additional corrections. 

 

There is a more comprehensive list about Tier 1 and 2 level QC activities in the Energy sector in the internal 

documentation (in Finnish). 

 

ETS data 

 

CO2 emission data taken from the EU ETS (Emission Trading System, see Section 1.4) were compared with 

the calculated emission data in the ILMARI system. Both systems include point source (bottom-up) data. In 

the ILMARI system plants included in the ETS are marked. Thus summaries of total ETS and non-ETS 

plants can be made easily. 
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Total CO2 emissions taken from the ETS data were 36.2 Tg in 2008. The corresponding amount taken 

from the GHG inventory data was 36.2 Tg. In the ETS data 199 Gg of CO2 and in the GHG data 200 Gg of 

CO2 was transferred out of the ETS plants. The reduced amount is slightly different because the storage 

factor in the inventory is based on annual data and in the  ETS there is predermined average storage factor 

(see section 3.2.7.1). The calculation method of amount of transferred emission in the GHG data is explained 

in section 3.2.7. The difference between the ETS and GHG data is 0.09 Tg, 0.2% of total ETS. There are 

more differences in the allocation of emissions to CRF categories, which can be seen in Figure 3.2-2. 

 

The most important difference is in the Iron and steel sector, which is totally allocated to Industrial processes 

in the ETS data. All iron and steel plants calculate and report their emissions according to the mass balance 

approach in the ETS. In the GHG inventory emissions are split between Energy and Industrial processes. 

Another difference is the emissions of combustion of catalytic cracking coke in oil refineries, which is 

included in the Energy sector in the inventory and in Industrial processes in the ETS. 

 

Figure 3.2-2 CO2 emissions of ETS plants compared with the corresponding emissions reported in the 

greenhouse gas inventory in 2008. 

From 2008 on ETS plants have been using mostly measured plant level calorific values and emission factors. 

 

NCVs, CO2 emission factors and fuel consumption data taken from the ETS system were aggregated to the 

most detailed fuel code level and compared with the corresponding data in the ILMARI system. If there were 

significalt differences, correction were done in the ILMARI data (either plant-specific NCVs of emission 

factors or both). Concerning the most common and the most important fuels, the differences in aggregated 

NCVs and EFs were generally less than +-1%. For wood fuels there were clearly larger differences 

(generally +-5%) in NCVs. This result was expected, mainly due to difficulties of plant operators in 


