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PREFACE

Finland’s National Inventory Report (NIR) under the United Nations Framework Convention on Climate
Change (UNFCCC), Paris Agreement (PA) and the European Union (EU)* contains the following parts:

Part 1 Finland’s national greenhouse gas emission inventory document (NID) prepared using the UNFCCC
reporting guidelines (UNFCCC 2013) and the relevant decisions under the Paris Agreement as well as
the Governance Regulation® and the Commission Implementing Regulation?.

Part2 CRT (Common Reporting Tables) data tables showing Finland’s greenhouse gas emissions for the
years 1990 to 2023. The CRT tables were compiled using the ETF GHG Inventory tool.

Statistics Finland is the national entity with the overall responsibility for 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 EU and UNFCCC and Paris Agreement independently.

The contact person at Statistics Finland is:
Ms Pia Forsell,

FIN-00022 Statistics Finland

tel. + 358-29-551 2937

email pia.forsell@stat.fi

! Regulation (EU) 2018/1999 of the European Parliament and the Council of 11 December 2018
on the Governance of the Energy Union and Climate Action. (EU Governance
Regulation)

2 Regulation (EU) 2020/1208 Commission Implementing Regulation of 7 August 2020 on
structure, format, submission and review on information reported by Member States
pursuant to Regulation (EU) 2018/1999 of the European Parliament and the Council and
repealing Commission Implementing Regulation (EU) 749/2014
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EXECUTIVE SUMMARY

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

Finland is a Party to both the United Nations Framework Convention on Climate Change (UNFCCC) and the
Paris Agreement (PA). Under these international agreements, Finland is committed to annually provide
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 Regulation (EU) 2018/1999 on the Governance of the Energy Union and
Climate Action (hereafter referred to as the EU Governance Regulation). The implementation of the EU
Governance Regulation is further specified in the Commission Implementing Regulation (EU) 2020/1208 on
the structure, format, submission processes and review of information on reported by Member States pursuant
to Regulation (EU) 2018/1999 of the European Parliament and of the Council of repealing Commission
Implementing Regulation (EU) 749/2014. Commission Delegated Regulation (EU) 2020/1044 supplementing
Regulation (EU) 2018/1999 of the European Parliament and of the Council with regard to values for global
warming potentials and the inventory guidelines and with regard to the Union inventory system and repealing
Commission Delegated Regulation (EU) 666/2014 also provides further guidance for the reporting of the EU
and its Member States.

This report has been prepared in accordance with the Modalities, procedures and guidelines for the
transparency framework for action and support referred to in Article 13 of the Paris Agreement agreed by the
Conference of Parties serving as the meeting of the Parties to the Paris Agreement at is first session
(18/CMA.1) and known as MPGs, and Guidance for operationalizing the modalities, procedures and guidelines
for the enhanced transparency framework referred to in Article 13 of the Paris Agreement (5/CMA.3). This
report aims at fulfilling the reporting commitments related greenhouse gas emission inventories under all
above-mentioned agreements and regulations, as specified above.

The annual greenhouse gas inventory provides information on the trends in national greenhouse gas emissions
and removals since 1990. This report presents emissions and removals for each of the major greenhouse gases
as carbon dioxide equivalents (CO; eg.) using the 100-year global warming potentials (GWPs) from the 2014
IPCC Fifth Assessment Report (AR5). Information of the greenhouse gas inventory is essential for the planning
and monitoring of climate policies in Finland.

In accordance with the Government resolution of 30 January 2003 on the organisation of the climate policy
activities of Government authorities in Finland, Statistics Finland assumed the responsibilities of the National
Entity for Finland’s greenhouse gas inventory from the beginning of 2005. The Climate Act (609/2015 and
423/2022) enforces Statistics Finland’s role as the national entity responsible for Finland’s national greenhouse
gas inventory. Statistics Finland as the general authority of the official statistics of Finland is independently
responsible for greenhouse gas inventory submissions under the UNFCCC, the Paris Agreement and EU
regulations. Besides Statistics Finland, the Finnish Environment Institute and the Natural Resources Institute
Finland take part in the inventory preparation. Statistics Finland also acquires parts of the inventory
calculations as purchased services from VTT (VTT Technical Research Centre of Finland Ltd.).

In Finland, the national institutional arrangements as intended under the Paris Agreement (in Annex of
18/CMA.1 Modalities, procedures and guidelines for the transparency framework for action and support
referred to in Article 13 of the Paris Agreement), are based, in addition to laws and regulations concerning
Statistics Finland, including the Climate Act, on agreements on the production of emission/removal
estimations and relevant parts of the national inventory documents between the inventory unit at Statistics
Finland and the expert organisations mentioned above. Statistics Finland also has agreements with the
responsible ministries defining the responsibilities and collaboration in relation to the reporting requirements
under the UNFCCC and Paris Agreement, as well as the EU. A description of the national inventory
arrangements, including institutional, legal and procedural arrangements in Finland is provided in Section 1.2.
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ES.2 Summary of trends related to national emissions
and removals

In 2023, Finland’s greenhouse gas emissions totalled 41.1 million tonnes of carbon dioxide equivalent (Mt
CO; eq.) without the LULUCF sector. The total emissions in 2023 were approximately 43% (30.7 Mt) below
the 1990 emissions level. Emissions in 2023 were 10% lower than in 2022, they decreased 4.6 Mt CO; eq.

Total emissions with the LULUCF sector were 53.1 Mt CO- eq. in 2023, it is over the 1990 emissions level
8%.

A summary of the Finnish national emissions and removals for 1990 to 2023 is presented in Table ES.2-1.

The Energy sector is the most significant source of greenhouse gas emissions in Finland and, therefore, the
key driver behind the trend. Energy related CO, emissions vary much in Finland, mainly according to the
economic trend, the energy supply structure and climate conditions. The overall trend since 2010 has been
declining. The 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 as well as the growth in the consumption of renewable energy (see also 2.2.1). In 2023, emissions
from the Energy sector were decreased 13% since 2022, being 28.5 Mt CO; eq. Emissions were 47% below
the level in 1990.

In the industrial processes and product use sector, emissions increased between 1993 and 2008 to a level over
40% higher than the 1990 emissions. In 2009 the emissions decreased by over 20% compared to 2008 due to
the economic downturn and technical abatement measures implemented in 2009 to reduce N2O emissions in
nitric acid production. The emissions took an upward trend again in 2010 but during 2010 to 2023 emissions
have been 19 to 37% lower than the peak value in 2008. In early 1990s, several plants were closed down due
to an earlier economic recession. The technical abatement of N2O emissions from nitric acid production has
contributed much to the lowering of the emissions since 2009 in the industrial processes and product use sector.
A key driver behind the increasing trend of F gas emissions in the 1990s and 2000s has been the substitution
of ozone depleting substances (ODS) by F gases in many applications. During the 2010s, F gas emissions
started to decline due to decreased leakage rates and restrictions on the use of high GWP refrigerants. Since
1990 emissions from industrial processes and product use sector have decreased 10% and compared to year
before emissions have decreased 5%.

Emissions in the Agriculture and Waste sectors have decreased since 1990. The decrease in the Waste sector
can largely be attributed to changes in waste legislation and to the implementation of the Landfill Directive
(1999/31/EC). In the Agriculture sector, livestock and livestock related emissions decreased notably in the
early 1990’s. Since 1990, the reduced use of nitrogen fertilizers due to agri-environmental policies has also
decreased the emissions in the Agriculture sector, being the most important single factor for the reduced
emissions in the sector. Also, the reduced use of lime has significantly decreased the emissions. The area of
cultivated organic soils has, however, increased during the period 1990 to 2023, which has increased nitrous
oxide emissions.

The LULUCEF sector in Finland has been a net sink until 2017, after which it has acted as a net source. The net
emissions in the sector were 12.0 Mt CO- eq. in 2023, which was 1% less than the previous year. The main
reasons for the net removals turning into net emissions in the LULUCF sector are that commercial fellings
have increased, and at the same time the tree volume increment has decreased. Also, the emissions from organic
soils have increased considerably, while the carbon sink of mineral soils has decreased, turning into a source
of emissions in recent years. Compared to the net removals in 1990, the change to the net emissions in 2023
was 153%. Most of the removals in the LULUCF sector have come from tree biomass; that is to say, the tree
volume increment in forest land has exceeded the annual total drain. The increment of the growing stock has
increased in Finland since 1990 until 2013, after which it has been decreasing according to the latest
measurements. Annual variations in the total drain (consisting of roundwood removals, logging residues and
natural losses) have been considerable. In addition, the aggregated dead organic matter and soil organic matter
pool in mineral forest soils has been a significant sink during the reporting period, but the sink has been
decreasing rapidly during the 2000s, comprising a net source of emissions since 2021. The largest emissions
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in the LULUCF sector have come from changes in the soil organic carbon pool in organic forest and
agricultural soils.

Indirect CO, emissions have decreased by 71% since 1990, the main reason being reduced use of solvent
chemicals in industry. Most of the reductions took place in the 1990s. In 2020 these emissions increased by
19%, mostly due to substantial use of hand sanitisers during COVID-19 pandemic, but in 2023 they were 28%
lower than in 2020.
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Table ES.2-1 Finnish greenhouse gas emissions and removals (Mt CO; equivalent). The base year refers to 1990 which is Finland’s base year under the UNFCCC

Sector Baseyear 1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Mt CO, eq.
Energy 534 534 553 537 B3T7 602 442 407 434 MO0 420 390 344 342 329 285
Industrial processes and product use' 52 52 47 51 b4 48 42 44 47 46 46 43 41 45 42 40
F gases 01 01 02 07 11 13 13 12 12 11 10 10 09 09 08 07
Agriculture 78 78 69 66 64 65 65 64 65 63 64 64 64 64 61 6.2
LULUCF? 224 224 2115 208 -242 210 165 -113 67 31 72 33 18 114 121 120
Waste 52 52 51 43 31 28 24 23 22 21 20 20 19 18 17 186
Indirect CO,-emissions’ 02 02 0.1 01 01 01 01 0.1 01 01 01 01 0.1 0.1 01 00
TOTAL (exl. LULUCFY) 71.8 718 723 705 699 757 587 551 579 551 561 527 478 478 457 411
TOTAL (incl. LULUCF) 49.4 494 508 497 456 547 422 438 5.3 520 633 561 496 592 578 531

1exoluding F gases
Zindirect CO,emissions from NMVOC and CH, from fugitive emissions, industnal processes and product use

*Land use, land-use change and forestry
(Note: Due to rounding, the sum of subtotals does not necessarly equal to total figures )
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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 UNFCCC reporting guidelines on annual inventories following incorporation of the provisions of decision
14/CP.11 (UNFCCC 2006): Energy (CRT 1), Industrial processes and product use (CRT 2) Agriculture (CRT
3), Land use, land-use change and forestry (LULUCF) (CRT 4), and Waste (CRT 5). In addition, Finland
reports indirect CO, emissions due to atmospheric oxidation of CHs and NMVOCs. National totals are
presented with and without indirect CO; consistent with the UNFCCC reporting guidelines.

The composition of Finnish greenhouse gas emissions in 2023 is presented in Figure ES.3-1.

Indirect CO2
emissions 0.1%
Waste

management
4%

Energy industries 35%

Manufacturing industries
and construction 18%

Agriculture Energy 69% Transport 33%
15%
Heating of buildings,
other fuel use in
agriculture, forestry and
fisheries 11%
Industrial - B o
processes _— Fugitive emissions from
and products fuels 0.4%
use 11%

Other fuel use 3%

Figure ES.3-1 The composition of Finnish greenhouse gas emissions in 2023 (LULUCEF 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 a 69% share of
the total emissions in 2023, being 28.5 Mt CO; eq. Emissions have decreased by 47% (24.9 Mt CO; eq.) since
1990, and by 13% since 2022. Energy-related CO, emissions vary mainly according to the economic trend,
the energy supply structure and climate conditions. This results from the high energy intensity of the Finnish
industry, extensive consumption during a long heating period, as well as energy consumption for transport in
a large and sparsely inhabited country. Total consumption of energy in Finland amounted to 1.32 million
terajoules (TJ) in 2023, which corresponded to a grow of 2% compared with the previous year. The use of
fossil fuels and peat decreased by 10% in total. The use of renewable energy sources also decreased by 6% but
their share of total consumption remained at 42%. The increase in the use of renewable energy compared to
the situation in 1990 is the main reason for the decreased emissions despite the growth in total energy
consumption.

Agriculture is the second most significant source of greenhouse gas emissions in Finland. In 2023, agricultural
emissions accounted for 15% (6.2 Mt CO, eq.) of total emissions. Annual emissions have declined by 21%
(1.6 Mt CO; eq.) since 1990 due to decreases in the number of livestock and in nitrogen fertilization. Total
agricultural emissions have been quite steady since the beginning of 21 century (annual variation from 6.1 to
6.6 Mt CO- eq.) and they increased 2% since 2022. The relatively steady emission levels during the last 20
years are mostly a result of the emission trends that are affecting in the opposite directions. Specifically, the
significant decrease in emissions from nitrogen fertilization has been offset by the increasing emissions
resulting from the expanded cultivation of organic soils. Changes in the agricultural policies and farming
subsidies have had a considerable influence on the agricultural activities and hence the emissions from this
sector.

April 2025



12

Emissions from industrial processes and product use, including CO,, CH., N2O and F gases, were 11% (4.7
Mt CO; eq.) of total greenhouse gas emissions in Finland in 2023, being the third largest source of greenhouse
gas emissions. Emissions have decreased by 5% (0.3 Mt CO; eq.) since 2022 and they were 10% lower in 2023
than in 1990. Their share of the total greenhouse gas emissions has varied from 7 to 12% during the reporting
period. The fluctuation in the emissions from industrial processes and product use is largely consistent with
the economic trend, even if the factors influencing the emissions are more diverse.

The Waste sector accounted for 4% (1.6 Mt CO; eq.) of total Finnish greenhouse gas emissions in 2023.
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 68% (3.6 Mt CO- eq.) since 1990.
The decrease has been mainly due to the implementation of the Waste Act (1994) and the Landfill Directive
(1999/31/EC), which require increased recycling and recovery of waste as material or energy as well as
recovery of landfill gas. The ban of depositing organic waste to landfills since 2016 (Government Decree 2013)
will decrease methane emissions from landfills even more.

The contribution of indirect CO, emissions from atmospheric oxidation of CHs and NMVOCs to Finnish
greenhouse gas emissions is small, about 0.1% of the total greenhouse gas emissions in Finland.

The LULUCEF sector has been a net sink in Finland until the year 2017, after which it has acted as a source. In
2023, it was a net source of 12.0 Mt CO; eg. The most important components of the forest land net balance are
the tree biomass growth and biomass removed from forest due to fellings, but the importance of soils have
been increasing due to the growing emissions from soils. Based on the National Forest Inventory (NFI), the
increment of growing stock has increased since 1990 from 78 million m3to current 103 million m3. In the NFI
based increments, there is less fluctuation between years in contrast to the harvest rates. In 2023, the total drain
was 87 million m3, consisting of roundwood removals, logging residues and natural losses.

90

75 -
60 -
45 -
30

Emissions and removals, Mt CO, eq.

1990 1995 2000 2005 2010 2015 2020 2023

| ULUCF mm Agriculture

mm \Waste = |ndustrial processes and product use

mm |ndirect CO2 emissions s Energy

== Net emissions with LULUCF sector
Figure ES.3-2 Greenhouse gas emissions and removals in Finland by reporting sector (Mt CO- eq.) and net
CO; equivalent emissions (emissions plus removals). Emissions are positive and removals negative quantities
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ES.4 Other information: precursor gases and sulphur
oxides)

The emissions trends of precursors; 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 ES.4-1 and Table ES.4-1.
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s Total NOX = =ss==Total CO  es=Total NMVOGC Total SO2

Figure ES.4-1 Precursors and sulphur dioxide emissions, kt

Nitrogen oxides (NO) were generated in the Energy, Industrial processes and product use, Agriculture and
LULUCEF sectors. The Energy sector is the most significant source, 95% of emissions are energy related.
Emissions have decreased by 71% compared to 1990 and were 86 kt in 2023. The largest decrease, 84%, has
happened in the transport category due to the implementation of catalytic converters to cars and these emissions
accounted for 28% of the total emissions in 2023. Energy industries generated 24% and manufacturing
industries and construction generated 28% of the total emissions.

Carbon monoxide (CO) emissions totalled 295 kt in 2023. In the Energy sector, transport generated 15% and
other sectors (including small-scale combustion and off-road machinery) 66% of the total emissions. Total
carbon monoxide emissions have decreased by 59% compared to 1990.

Non-methane volatile organic compounds (NMVOC) totalled 72 kt in 2023. 47% of the total emissions
were generated in the Energy sector, 31% originated from the Industrial processes and product use sector and
21% from the Agriculture sector in 2023. Total NMVOC emissions have decreased by 69% from 1990 to
2023, the greatest decline has taken place in the Energy sector, where emissions decreased by 76%.

Sulphur dioxide (SO2) emissions totalled 21 kt in 2023 out of which 71% originated in the Energy sector,
where energy industries generated 40% of the total emissions and manufacturing industries and construction
16%. Overall, sulphur dioxide emissions have in total decreased by 91% from 1990 due to the increased use
of less sulphur containing fuels and sulphur abatement technologies in energy production and industrial
processes.
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Table ES.4-1 Trends of NOx, CO, NMVOC and SO, emissions from different sources, kt

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Total nitrogen oxides 301 268 237 202 181 145 134 129 125 121 115 100 99 93 86
- energy 293 261 231 196 175 139 128 124 120 116 109 95 94 89 81
- industrial processes and product use 18 16 16 19 21 20 19 18 21 17 14 14 1.3 11 1.0
- agriculture 6.1 52 45 4.0 41 39 38 37 37 37 39 37 38 28 37
- LULUCF 008 004 002 003 002 003 001 0.01 0.01 003 002 004 002 001 0.04
Total carbon monoxides 728 643 571 505 435 374 358 365 356 349 kLY 315 331 306 295
- energy 721 639 567 501 432 370 355 363 353 345 337 N 330 305 294
- Industnal processes and product use 01 0.05 0.04 002 0.02 0.02 0.03 0.03 0.03 063 020 0.19 0.23 0.15 011
- agriculture 42 35 37 3.1 19 27 25 24 26 19 28 23 0.0 0.0 00
- LULUCF 27 13 05 1.0 05 09 03 04 05 10 07 14 08 04 12
Total NMVOCs 232 202 176 141 112 95 9N 91 89 87 85 85 83 76 72
- energy 141 131 112 20 66 b1 48 47 46 44 42 38 39 36 34
- Industnal processes and product use 707 630 462 388 293 258 252 254 257 254 258 312 274 244 228
- agriculture 196 177 178 171 168 177 179 1765 174 170 168 164 15690 166 162
- waste 03 03 02 02 0.1 01 01 01 01 0.1 0.1 01 0.1 0.1 01
Total sulphur oxides 250 105 81 69 67 43 42 40 36 33 29 23 24 23 21
- energy 184 82 633 537 529 320 205 288 267 231 2056 1560 160 157 152
- Industnal processes and product use 66 23 17.7 16.6 14.3 14 12.6 1.1 99 9.7 8.6 8.2 7.8 1.7 6.2
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ES.5 Key category analysis

The aim of the key category analysis is to identify category-gas combinations that are the most important in
terms of emission levels and trends. The results of the key category analysis guide decisions on methodological
choice. The need for possible improvements in the inventory calculations is thus assessed for the key
categories. The key categories are also subject to more detailed documentation and quality control.

The national key categories for the base year and the latest reported inventory year are identified using
Approach 1 and Approach 2 of the IPCC 2006 Guidelines, and the key categories of Approach 2 are added to
the key categories of Approach 1. The key categories listed in Table ES.5-1 were analysed with a national
procedure. The aggregation level of subcategories used in the analysis is based on the suggested level of
aggregation in the 2006 IPCC Guidelines (Vol. 1, Table 4.1) with some differences which are described in
detail in Annex 1.
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Table ES.5-1 Key categories identified using Approach 1 and Approach 2 level and trend assessment

Category Gas Level Trend
Base year Year 2023
1.A.1. Energy Industries Liquid CO, Yes Yes Yes
1.A.1. Energy Industries Solid CO, Yes Yes Yes
1.A.1. Energy Industries Gaseous CO, Yes Yes Yes
1.A.1. Energy Industries Other fossil CO, Yes Yes
1.A.1. Energy Industries Peat CO, Yes Yes Yes
1.A.1. Energy Industries Peat N20
1.A.1. Energy Industries Biomass N,O Yes Yes
1.A.2. Manufacturing Industries and Construction Liquid CO, Yes Yes Yes
1.A.2. Manufacturing Industries and Construction Solid CO, Yes Yes Yes
1.A.2. Manufacturing Industries and Construction Gaseous CO, Yes Yes Yes
1.A.2. Manufacturing Industries and Construction Other fossil CO, Yes Yes
1.A.2. Manufacturing Industries and Construction Peat CO, Yes Yes Yes
1.A.2. Manufacturing Industries and Construction Biomass N,O
1.A.3.a. Domestic Aviation Liquid CO, Yes Yes
1.A.3.b. Road Transportation Diesel oil CO, Yes Yes Yes
1.A.3.b. Road Transportation Diesel oil N,O Yes Yes Yes
1.A.3.b. Road Transportation Motor gasoline  CO, Yes Yes Yes
1.A.3.b. Road Transportation Motor gasoline  CH, Yes
1.A.3.b. Road Transportation Motor gasoline  N,O Yes Yes
1.A.3.b. Road Transportation Biomass N,O
1.A.3.c. Railways Liquid Co,
1.A.3.d. Domestic Navigation Liquid CO, Yes Yes Yes
1.A.4. Other Sectors Liquid CO, Yes Yes Yes
1.A.4. Other Sectors Gaseous Co, Yes
1.A.4. Other Sectors Peat CO, Yes
1.A.4. Other Sectors Biomass CH, Yes Yes Yes
1.A.4. Other Sectors Biomass N,O Yes Yes
1.A.5. Other Liquid Co, Yes Yes Yes
1.A.5. Other Gaseous CO,
1.B.2. Oil and Natural gas and other emissions from energy CO, Yes
1.B.2. Oil and Natural gas and other emissions from energy CH4 Yes
2.A.1. Cement Production Co, Yes Yes Yes
2.A.2. Lime Production CO, Yes Yes
2.A.4. Other process uses of carbonates CO,
2.B.2. Nitric Acid Production N,O Yes Yes
2.B.10.a. Hydrogen Production Co, Yes Yes
2.B.10.b. Other CO, Yes
2.C.1. Iron and Steel Production Co, Yes Yes Yes
2.C.7. Other metal industry CO,
2.D.1. Lubricant use CO,
2.F 1. Refrigeration and Air Conditioning HFCs Yes Yes
3.A. Enteric Fermentation CH, Yes Yes Yes
3.B. Manure Management CH, Yes Yes Yes
3.B. Manure Management N,O Yes Yes Yes
3.D.1. Direct N20 Emissions From Managed Soils N,O Yes Yes Yes
3.D.2. Indirect N20 Emissions From Managed Soils N,O Yes Yes Yes
3.G. Liming Co, Yes Yes Yes
4.A.1. Forest Land Remaining Forest Land CO, Yes Yes Yes
4.A.2. Land Converted to Forest Land CO, Yes Yes
4.B.1. Cropland Remaining Cropland Co, Yes Yes Yes
4.B.2. Land Converted to Cropland CO, Yes Yes Yes
4.C.1. Grassland Remaining Grassland CO, Yes Yes
4.C.2. Land converted to grassland CO, Yes Yes
4.D.1. Wetlands Remaining Wetlands CO, Yes Yes Yes
4.D.2 Land converted to wetlands CO, Yes
4.E.2. Land converted to Settlements CO, Yes Yes
4.G. Harvested Wood Products CO, Yes Yes Yes
4(I). Drainage and Rewetting and Other Management of Soils CH, Yes Yes Yes
4(I1). Drainage and Rewetting and Other Management of Soils N,O Yes Yes
5.A. Solid Waste Disposal CH, Yes Yes Yes
5.B. Biological Treatment of Solid Waste CH, Yes
5.B. Biological Treatment of Solid Waste N,O
5.D. Wastewater Treatment and Discharge CH, Yes
5.D. Wastewater Treatment and Discharge N,O
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ES.6 Improvements introduced

The greenhouse gas inventory of Finland is continuously improved taking into account new data and science
available, assessments by the inventory experts and results of external reviews. Recommendations from the
previous UNFCCC inventory reviews have been taken into account. The significance of the sources based on
the results of the key category and uncertainty analyses are considered when prioritising the improvements to
be made in the inventory calculations.

Improvements and recalculations are described in Chapter 10 as well as in the sectoral Chapters 3-9 under
Category-specific recalculations. When planning and implementing improvements, time-series consistency is
ensured. The effects of recalculations, i.e. improvements, activity data updates and corrections, on the time-
series are discussed and summarised in the sectoral chapters and quantified for years 1990, 2005 and 2022 in
Chapter 10.

For the 2025 submission the following methodological improvements were made:

Agriculture: A new nitrogen excretion calculation method was implemented for swine and horses. The same
feeding data used in the nitrogen excretion calculations was applied to estimate swine enteric fermentation
based on their gross energy intake (GE) and methane conversion factor (Ym). In addition, updated manure
management data and the latest version of the Nitrogen Flow Model were adopted to calculate ammonia and
nitric oxide volatilization, ensuring consistency between greenhouse gas and air pollutant inventories in
Finland. The IPCC 2019 Refinement to the IPCC 2006 Guidelines, along with its updated emission factors,
was used for calculating N2O emissions from manure management and agricultural soils, as well as CHa
emissions from manure management. Finally, new soil map data was employed to estimate the areas of
cultivated organic soils and their associated emissions.

LULUCEF: The land-use areas were recalculated due to new National Forest Inventory (NFI ) data, updated
land-related data on sample plots and new soil data. A new countrywide peat thickness dataset, which was
used to classify mineral and organic soils, was introduced. This affected the total area of organic and mineral
soil, and on croplands also the share of crop plants grown on these soils. The area of large reservoirs was
estimated for the first time and calculated separately from other types of Flooded lands derived from NFI (i.e.,
reported as managed instead of unmanaged). Emissions from these large reservoirs were calculated for the first
time.

The full five years 13" NFI data were implemented entailing recalculation of tree biomass increment, biomass
stocks, and new biomass expansion and conversion factors for increment, stocks, cutting removals and natural
losses.

Emission factors for carbon stock change in apple tree biomass and direct emissions from forest fertilization
were updated. Indirect emissions from forest fertilization as well as direct and indirect emissions from
settlement fertilization were calculated for the first time. Emission factors for peat extraction were corrected,
including EFs for ditches and production fields as well as correction in application of summer and winter day’s
EFs to stockpiles. The EF for direct N>O emissions from mineralisation on land converted to cropland was
changed to a national EF.

In addition to the methodological improvements, updates of activity data and corrections resulted in
recalculations in all sectors. In the the text above, some of these updates are described for the agriculture and
LULUCEF sectors together with the methodological improvements. In the LULUCEF sector, introduction of the
complete tree data from the 13" NFI and biomass conversion and expansion factors based on them resulted in
large recalculations for the forest land category for the most recent years of the timeseries. Impact of this
update was greater than that of any of the methodological improvements in forest land since the previous
submission. The overall effect of recalculations, including the effect of methodological improvements, is
presented in the table ES.61-1 and in more detail in Chapter 10.
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Table ES.6-1 Recalculations for this submission (NIR 2025, 2023 inventory) compared with the last year’s
submission (UN NIR 2024). Excluding LULUCF, including indirect CO-

NID 2022 (UN) NID 2023 (EU) Change
kt CO, eq. kt CO, eq. %
1990 71331 71812 481.80 0.68
1991 69 247 69 630 383.50 0.55
1992 67 869 68 153 284.42 0.42
1993 70 077 70 329 251.89 0.36
1994 75 646 75930 284.15 0.38
1995 71 890 72 274 384.72 0.54
1996 77 881 78 155 274.55 0.35
1997 76 539 76 825 285.28 0.37
1998 72 846 73110 263.34 0.36
1999 72 162 72 431 269.56 0.37
2000 70 220 70 462 241.71 0.34
2001 75 537 75 805 268.51 0.36
2002 77 935 78 187 252.15 0.32
2003 85 521 85 766 245.26 0.29
2004 81757 81931 173.11 0.21
2005 69 713 69 890 177.24 0.25
2006 81085 81289 203.43 0.25
2007 79 413 79 577 163.89 0.21
2008 71 260 71433 173.23 0.24
2009 67 630 67 740 110.68 0.16
2010 75 468 75707 238.49 0.32
2011 67 720 67 940 219.19 0.32
2012 62 177 62 311 133.92 0.22
2013 62 646 62 818 171.74 0.27
2014 58 461 58 651 190.01 0.33
2015 54 961 55 076 114.69 0.21
2016 57 810 57 950 139.44 0.24
2017 55 003 55 074 70.56 0.13
2018 55 934 56 121 187.61 0.34
2019 52 646 52729 82.71 0.16
2020 47 654 47770 115.88 0.24
2021 47 604 47 803 199.76 0.42
2022 45700 45 697 2.75 0.01
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Table ES.6-2 Recalculations for this submission (NIR 2025) compared with the last year’s submission (NIR
2024) by sector

1.A1,
1.A.2, 1.A3 1.B Fugitive . Indirect
1 Energy 1Adand Transport emissions 2IPPU 3 Agriculture 4 LULUCF 5 Waste co,

1.A5
1990 0.00 0.00 0.00 0.00 0.00 481.86 739.00 0.00 -0.06
1991 0.00 0.00 0.00 0.00 0.00 383.56 728.70 0.00 -0.06
1992 0.00 0.00 0.00 0.00 0.00 284.49 689.92 0.00 -0.06
1993 0.00 0.00 0.00 0.00 0.00 251.95 651.01 0.00 -0.06
1994 0.00 0.00 0.00 0.00 0.00 284.22 597.39 0.00 -0.07
1995 0.00 0.00 0.00 0.00 0.00 384.80 531.29 0.00 -0.07
1996 0.00 0.00 0.00 0.00 0.00 274.63 505.23 0.00 -0.08
1997 0.00 0.00 0.00 0.00 0.00 285.36 482.06 0.00 -0.07
1998 0.00 0.00 0.00 0.00 0.00 263.42 477.18 0.00 -0.09
1999 0.00 0.00 0.00 0.00 0.00 269.65 490.38 0.00 -0.09
2000 0.00 0.00 0.00 0.00 0.00 241.80 485.37 0.00 -0.09
2001 0.00 0.00 0.00 0.00 0.00 268.60 497.81 0.00 -0.10
2002 0.00 0.00 0.00 0.00 0.00 252.24 541.50 0.00 -0.09
2003 0.00 0.00 0.00 0.00 0.00 245.36 549.31 0.00 -0.10
2004 0.00 0.00 0.00 0.00 0.00 173.21 584.81 0.00 -0.10
2005 0.00 0.00 0.00 0.00 0.00 177.33 608.95 0.00 -0.09
2006 0.00 0.00 0.00 0.00 0.00 203.53 593.53 0.00 -0.10
2007 0.00 0.00 0.00 0.00 0.00 163.98 446.15 0.00 -0.10
2008 0.00 0.00 0.00 0.00 0.00 173.32 392.55 0.00 -0.10
2009 0.15 -0.15 0.00 0.00 0.00 110.92 1382.76 0.00 -0.09
2010 -0.07 -0.07 0.00 0.00 0.00 238.66 1339.07 0.00 -0.10
2011 0.73 -0.60 0.14 0.00 0.00 220.00 1067.08 0.00 -0.09
2012 0.27 -0.88 0.61 0.00 0.00 134.27 985.43 0.00 -0.08
2013 0.06 -1.85 1.91 0.00 0.00 171.75 952.38 0.00 -0.07
2014 0.09 -2.88 297 0.00 0.00 189.99 1.066.07 0.00 -0.06
2015 0.49 -4.42 4.90 0.00 0.02 114.28 1810.05 0.00 -0.06
2016 0.45 -3.99 4.44 0.00 0.01 139.05 2811.22 0.00 -0.05
2017 0.46 -5.34 5.80 0.00 0.00 70.15 3921.03 0.00 -0.05
2018 2.02 -12.17 14.18 0.00 0.04 185.61 4 859.92 0.00 -0.06
2019 248 -12.60 15.07 0.00 0.03 80.25 657313 0.00 -0.05
2020 20.42 4.69 15.74 0.00 0.03 95.48 7 166.81 0.00 -0.05
2021 23.00 3.36 19.64 0.00 -3.65 180.03 7 884.07 0.43 -0.05
2022 5.52 -44.60 50.13 0.01 -1.47 6.49 7623.44 0.04 0.27
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Table ES.6-3 Recalculations, including the effect of methodological improvements, made for the 2023
inventory submission by CRT category and their implications to the emission level in 1990 and 2022

CRT Category Recalculation Reason for the recalculation Implication to the CRF
category level (kt COzeq.)
1990 2022
1 Energy Recalculations in all subcategories due Fuel use updated to correspond data 0.00 5.52
to updates in the activity data in energy statistics and few error
corrections
2 Industrial processes  Correction of preliminary data Updates of activity data 0.00 -1.47
and product use
3 Agriculture 431.86 -6.49
A Enteric fermentation New method for estimating swine New data, methodological change -1.79 -3.32
methane emissions
B Manure management  Implementation of 2019 Refinement, New data, methodological change 217.87 148.76

D Agricultural soils

new method for excretion of swine and
horses, newer version of Nitrogen
Flow model, updated manure
management data

Implementation of 2019 Refinement, New data, methodological change 265.79 -119.06
new method for excretion of swine and
horses, newer version of Nitrogen
Flow model, updated manure
management data, new soil data for
estimating the extent of organic soils,
new area estimates for cropland and

grassland

G. Liming Liming emissions for 2022 were New data -31.30
recalculated

H. Urea application Urea emissions for 2022 were New data -1.57
recalculated

4 Land use, land-use change and forestry 739.00 7623.44

A Forest land All CSCs, forest fertilization, non-CO2 ~ See Table 10.1-1 276.02 7542.29

B Cropland

C Grassland
D Wetlands

E Settlements
G HWP

5 Waste

Indirect CO2 emissions

emissions from drainage and
rewetting, mineralization and biomass

burning

All CSCs and emissions from See Table 10.1-1 116.67 -220.51
mineralization

All CSCs, emissions from See Table 10.1-1 34.31 -33.33
mineralization and biomass burning

All CSCs and non-COz emissions from See Table 10.1-1 309.48 199.91
drainage and rewetting

All CSCs, emissions from fertilization ~ See Table 10.1-1 1.85 169.95
and mineralization

CSCs in sawn wood and paper and See Table 10.1-1 0.00 -34.88
paperboard

Updated data on protein consumption  Updated information 0.00 -0.04

(FAO), population statistics and the

amount of dry matter in municipal

sludge.

Due to new guidelines the EF for Updated EF -0.06 -0.27
NMVOC emissions from natural gas

transmission was updated.

Areas of future improvement and/or capacity-building in response to the review process or identified by the
Finnish experts responsible for the calculations are described in Section 10.4.
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1 NATIONAL CIRCUMSTANCES,
INSTITUTIONAL ARRANGEMENTS AND
CROSS-CUTTING INFORMATION

1.1 Background information on greenhouse gas
inventories and climate 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. Finland’s National Greenhouse Gas Inventory System was
set up at the beginning of 2005. In the description of the National system of Finland the national inventory
arrangements, including institutional, legal and procedural arrangements are explained as required in Paris
Agreement Decision 18/CMA.1 (Modalities, procedures and guidelines for the transparency framework for
action and support referred to in Article 13 of the Paris Agreement).

The national system produces data and background information on emissions and removals for the UNFCCC,
the Paris Agreement and the EU Commission. In addition, the scope of the system covers the archiving of the
data used in emission estimations, the publication of the results, the participation in inventory reviews and the
guality management of the inventory as well as timely reporting of national inventory reports.

The EU Governance regulation and acts complementing it guides the greenhouse gas inventory reporting by
the Member States (MS) of the European Union (EU) to the Commission since 2023. This regulation builds
on the reporting requirements of the Paris Agreement and the UNFCCC, but also includes many EU-specific
requirements, including provisions for annual quality checks and a review of the submission. The MSs submit
their inventories to the Commission with annual deadlines for submission being 15 January (preliminary data)
and 15 March (final data).

This National Inventory Document (NID) of Finland for the submission to the EU, the UNFCCC and the Paris
Agreement 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 (CO.), methane (CH.), nitrous oxide
(N:O), perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), sulphur hexafluoride (SFs) and nitrogen
trifluoride (NFs).

The inventory also includes estimates of precursors as carbon monoxide (CO), nitrogen oxides (NOy) and non-
methane volatile organic compounds (NMVOCs), and sulphur dioxide (SO, meaning sulphur oxides and other
sulphur emissions calculated as SO2). These gases are not greenhouse gases but impact global warming for
example by influencing on the formation or destruction of direct greenhouse gases, such as tropospheric ozone.

Indirect CO; emissions resulting from atmospheric oxidation of fugitive CH4 and non-methane volatile organic
compounds (NMVOC) emissions from non-biogenic sources are also included in the inventory. CO, emissions
from fossil combustion are calculated using emissions factors based on the total carbon content of the fuel
assuming that all carbon not remaining in the ash to be converted to CO.. Therefore, consistent with the IPCC
Guidelines, indirect CO, emissions are not reported for combustion sources of CO, CHs and NMVOCs.
Similarly, indirect CO, from CH4, CO or NMVOC emissions from other emission sources where these
emissions are already included in CO, emissions, are not reported. At present, all CO emissions reported come
from such sources. More details on the estimation of the indirect CO, emissions can be found in Chapter 9.
Finland’s national total emissions include the indirect CO, emissions but are presented with and without
indirect CO,. The indirect CO; emissions have been separately estimated for fugitive emissions in the Energy
sector and sources in the Industrial processes and product use sector consistent with the 2006 IPCC Guidelines
for National Greenhouse Gas Inventories.
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Indirect N,O emission resulting from deposition of nitrogen due to emissions of nitrogen oxides (NOx) and
ammonia (NHs) are estimated, but only indirect N,O emissions from agricultural sources are included in the
national total emissions (without LULUCF) consistent with the UNFCCC reporting guidelines in the Annex
to Decision 24/CP.19 (UNFCCC 2013).

Emissions and removals have been grouped under five sectors, in accordance with modalities, procedures and
guidelines® for the transparency framework of the Paris Agreement and the revised UNFCCC reporting
guidelines on annual inventories for Annex | Parties*: Energy, industrial processes and product use (IPPU),
agriculture, land use, land-use change and forestry (LULUCF) and waste.

Emission estimates and removals are presented by gas and by category and refer to the latest inventory year
unless otherwise specified. Full time series of the emissions and removals from 1990 to the latest inventory
year are included in the Common Reporting Tables (CRT), which are part of the inventory submission. In the
NID, the data are presented for a limited set of years consistent with the UNFCCC reporting guidelines.

The structure of this NID follows the outline given in Annex V of the guidance® for operationalizing the
modalities, procedures and guidelines for the enhanced transparency framework referred to in Article 13 of the
Paris Agreement.

1.1.2 Climate change

Over the past century, atmospheric concentrations of carbon dioxide (CO,), methane (CH.), nitrous oxide
(N20) 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 Sixth Assessment Report of the International Panel of Climate Change (IPCC 2021), the
atmospheric concentrations of CO; have increased by 47%, CH, concentrations have more than doubled and
N.O concentration has risen by 23%, compared with the concentrations in 1750, i.e. in the pre-industrial era.

Climate change has effects on both human and natural systems (e.g. human settlements, human health, water
and food resources, ecosystems 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 a decreased need for
heating energy.

1.1.3 International agreements

Finland has ratified the United Nations Framework Convention on Climate Change, the Kyoto Protocol and
its Doha Amendment as well the Paris Agreement. In addition, as an EU Member State, Finland has obligations
under EU legislation related to climate and energy policies.

Finland’s commitments under the international commitment, including tracking how Finland is making
progress with its commitments and how past commitments have been met, have been addressed in Finland’s
National Communications and Biennial Reports under the UNFCCC. Finland submitted its first Biennial
Transparency Report (BTR) on 19 December 2024.

3 Decision 18/CMA.1 Modalities, procedures and guidelines for the transparency framework for
action and support referred to in Article 13 of the Paris Agreement
https://unfccc.int/sites/default/files/resource/CMA2018_03a02E.pdf

4 Decision 24/CP.19 Revision of the UNFCCC reporting guidelines on annual inventories for
Parties included in Annex | to the Convention
https://unfccc.int/sites/default/files/resource/docs/2013/cop19/eng/10a03.pdf

5 Decision 5/CMA.3 Guidance operationalizing the modalities, procedures and guidelines for the
enhanced transparency framework referred to in Article 13 of the Paris Agreement
https://unfccc.int/sites/default/files/resource/CMA2021_L 10a2E.pdf
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Under the EU and UNFCCC and the Paris Agreement Finland is required to carry out annual greenhouse gas
inventories covering emissions and removals of direct greenhouse gases from the five sectors (Energy,
Industrial processes and product use, Agriculture, Land use, land-use change and forestry and Waste) and for
all years from the base year to the most recent year. The preparation and reporting of the Finnish greenhouse
gas inventory are guided by the modalities, guidelines and procedures (MPGs) adopted at COP 25 in Katowice
(Decision 18/CMA.1%) and the guidance for operationalizing the MPGs (5/CMA.3"), as well as the
methodological guidance in the 2006 IPCC Guidelines for National Greenhouse Gas inventories (hereafter
referred to as 2006 IPCC Guidelines).

6 Decision 18/CMA.1
7 Decision 5/CMA.3
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1.2 A description of the national circumstances and
institutional arrangements

The national inventory arrangements in Finland are described below. The descriptions take into account
requirements for reporting requirements on national inventory arrangements under the MPGs of Paris
Agreement (18/CMA.1) and relevant EU legislation, as well as for reporting on the national inventory
arrangements consistent with paragraph 20 to 27 of the UNFCCC reporting guidelines.

1.2.1 National entity or national focal point

According to the Government resolution of 30 January 2003 on the organisation of climate policy activities of
Government authorities, Statistics Finland® assumed the responsibilities of the national entity for Finland’s
greenhouse gas inventory from the beginning of 2005. In 2015, the role of Statistics Finland as the national
entity was enforced through the adoption of the Climate Change Act (609/2015 and 423/2022).

In Finland, the national inventory arrangements are established on a permanent footing to meet the
requirements of the UNFCCC reporting guidelines and in the MPGs referred to in Article 13 of the Paris
Agreement. The national inventory arrangements are based on laws and regulations concerning Statistics
Finland, including the Climate Act, on agreements between the inventory unit and expert organisations on the
production of emission and removal estimates, as well as related documentation. Statistics Finland has also
agreements on cooperation and support to the expert organisations participating in Finland’s national system
with relevant ministries. The national inventory arrangements are 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 (see Section 1.5.3). The national system of arrangements for the greenhouse gas
inventory in Finland is presented in Figure 1.2-1 below. There have been no changes to the national inventory
system since the previous submission (see Chapter 11).

8 Contact information: Ms Pia Forsell
FIN-00022 Statistics Finland
tel. + 358-29-551 2937

email pia.forsell@stat.fi
http://tilastokeskus.fi/org/yhteystiedot/index_en.html
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Finland's National Greenhouse Gas Inventory
System, based on the Statistics Act, the Climate

Administrative Change Act, protocols, agreements and contracts
data sources ;
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Figure 1.2-1 The National System of arrangements for the Greenhouse Gas Inventory in Finland (LULUCF =
Land use, land-use change and forestry)

1.2.1.1 Statistics Finland as the national entity 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 Paris Agreement.

In its activity as the national entity for the greenhouse gas inventory, the Statistics Finland Act (48/1992 and
its amendment 901/2002) and the Statistics Act (280/2004 and its amendments 361/2013 and 146/2023) 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 Statistics Finland ensures collaboration and information exchange on
issues related to the reporting of greenhouse gas emissions under the UNFCCC and the Paris Agreement. The
advisory board reviews planned and implemented changes in the inventory and the achieved quality. It
approves changes to the division of tasks between the expert organisations preparing the inventory. In addition,
the advisory board promotes research and review projects related to the development of the inventory and
reporting, as well as gives recommendations on participation in international cooperation 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 UNFCCC inventory reporting guidelines and the Paris Agreement as well as the
relevant EU regulations. As the national entity, Statistics Finland also bears the responsibility for the general
administration of the inventory and communication with the UNFCCC and the EU Commission, coordinates
participation in the review of the inventory, and publishes and archives the inventory results.

Statistics Finland has access to data collected for administrative purposes. Hence by law, Statistics Finland has
access to data collected under the EU ETS, regulation on fluorinated gases, the European Pollutant Release
and Transfer Register (E-PRTR) and energy statistics regulation. Access to the EU ETS data is also ensured
through the agreement between Statistics Finland and the Energy Authority. The EU ETS data and data
collected under energy statistics regulation are significant data sources and they are used both directly and/or
for verification in the inventory compilation. The use of the E-PRTR and data collected under the regulation
on fluorinated greenhouse gases have a limited role in the inventory preparation.

April 2025



26

Statistics Finland approves the inventory before it is submitted to the UNFCCC secretariat and the EU. The
draft inventory to the EU on 15 January is presented to the advisory board, and before submitting the final
inventory to UNFCCC on 15 April, the national inventory document is sent to the inter-ministerial network on
climate policy issues for comments.

1.2.1.2 Responsibilities of expert organisations

Finland’s inventory system includes, in addition to Statistics Finland, the expert organisations the Finnish
Environment Institute (Syke) and the Natural Resources Institute Finland (Luke). Statistics Finland also
acquires parts of the inventory as purchased services from VTT (VTT Technical Research Centre of Finland
Ltd).

Up to 2009, Finavia (airport company responsible for maintaining and developing Finland’s airport network)
provided emission data on aviation to the inventory. In 2010, Finavia’s status in Finland’s inventory system
changed. Finavia is not performing the calculations and is not responsible for the related calculations anymore.
Statistics Finland has taken over this task and has been responsible for the calculations since 2010. Finavia
continues to support Statistics Finland in the task by providing Statistics Finland with expert advice (the
calculations are described in Section 3.2.5.3).

The agreements between Statistics Finland and the expert organisations define the division of responsibilities
(sectors/categories covered) and tasks related to uncertainty and key category analysis, QA/QC and reviews.
They also specify the procedures and schedules for the annual inventory process coordinated by Statistics
Finland. The responsibilities to estimate and report emissions/removals from different sectors/categories of the
different expert organisations are based on the established practices for the preparation and compilation of the
greenhouse gas emission inventory. The scope of these responsibilities by expert organisation is presented in
Table 1.2-1.

Table 1.2-1 Responsibility areas by expert organisation

Area Organisations
CRT1.A  Stationary sources Statistics Finland
- fuel combustion in point sources, such as power plants,
heating boilers, industrial combustion plants and

processes

CRT1.A  Mobile sources (transport and off-road machinery) Statistics Finland, VTT Technical Research Centre of
Finland Ltd. (as a purchased service), Finavia (inventory
years 1990 to 2010)

CRT1.A  Other fuel combustion (agriculture, households, services, Statistics Finland
public sector, etc.)
CRT1.B Fugitive emissions from energy production and distribution Statistics Finland

CRT 2 Emissions from industrial processes and product use Statistics Finland

CRT 2 Emissions of F gases Finnish Environment Institute (Syke)

CRT3 Emissions from agriculture Natural Resources Institute Finland (Luke)

CRT 4 Emissions and removals in land use, land-use change andNatural Resources Institute Finland (Luke)
forestr

CRT5 Emissi)é)ns from waste Finnish Environment Institute (Syke)

Indirect CO2 Non-methane volatile organic compounds, NMVOC Finnish Environment Institute (Syke)

All the participating organisations are represented in the inventory working group established 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 producing the estimates
for the different reporting sectors and ensures the implementation of the QA/QC and verification process of
the inventory.
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1.2.1.3 The role of responsible ministries and the Energy Authority in the
national system

The resources of the national system for the participating expert organisations are channelled through the
relevant ministries’ performance management (Ministry of the Environment and Ministry of Agriculture and
Forestry). In addition, other ministries involved 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, implementation and effects of the climate strategy. Statistics Finland assists in the
technical preparation of the policy reporting. Statistics Finland also technically compiles the National
Communications and the biennial reports under the UNFCCC. Separate agreements have been made on the
division of responsibilities and cooperation between Statistics Finland and the ministries.

The Energy Authority is the National Emissions Trading Authority and the National Registry Administrator
in Finland and supervises the monitoring and reporting of the emissions data under the European Emissions
Trading System (EU ETYS). Statistics Finland and the Energy Authority concluded an agreement in 2006 on
collaboration between the national inventory system and the registry®, including a division of the
responsibilities relating to reporting. The most recent update to the agreement was made in 2018.

1.2.2 Inventory preparation process

The UNFCCC and the EU Regulation on the Governance of the Energy Union and Climate Action (°
Governance Regulation’) and its complementary acts require Finland to submit annually a National Inventory
Document (NID) and common reporting tables (CRT). The annual submission contains emission estimates for
the second to last year, so that the 2025 submission contains estimates for the calendar year 2023.

The organisation of the preparation and reporting of Finland’s greenhouse gas inventory and the duties of its
different parties are detailed in the previous Section (1.2.1). The expert organisations acting as parties to the
inventory system are responsible for the preparation of the inventory data of defined reporting areas. The expert
organisations produce the emission estimates and related documentation as defined in the agreements with
Statistics Finland (Table 1.2-1) and according to the UNFCCC reporting guidelines. Statistics Finland
compiles the national reporting from the data produced by expert organisations and submits them to the
UNFCCC Secretariat and to the European Commission.

The preparation of the annual inventory follows the schedule of the reporting. Under the EU Governance
Regulation and its implementing Regulations (2020/1208, 2024/1281), the Member State shall determine and
report to the Commission final greenhouse gas inventory data by 15 March each year and preliminary data by
15 January each year. The greenhouse gas inventory is submitted to the UNFCCC Secretariat by 15 April
(exception for 2024, as inventory was submitted to the UNFCCC Secretariat by 31 December). The joint EU
inventory is compiled from the Member States’ submissions and it is also supplied to the UNFCCC Secretariat
by 15 April. The Commission also uses the inventory data submitted annually by Member States when
evaluating the progress of the Community and its Member States towards the set greenhouse gas emission
objectives and commitments.

Data collection and processing for each category are described in the category-specific chapters. In addition,
the data sources used are described in Section 1.3.

Inventory documentation consists of inventory data and metadata (data explaining the calculated estimates).
Documentation has a key role in 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. Due
to the complexity of some of the methods used to prepare the inventory, replication of inventory calculations

9 Finland’s National Kyoto Protocol Registry is briefly described in Finland’s Eight National
Communication, Section 3.4, submitted to the UNFCCC in December 2022.
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will in some cases require, in addition to the documentation, access to the model and assistance from experts
familiar with its use. Documentation also stands as evidence of the compliance and functionality of the national
system. Continuous, fact-based improvement of the inventory is guided by an analysis of the materials
accumulated during the inventory process.

The inventory documentation system consists of the following document types:

1. 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):
- The description of Finland’s national system
- Agreements with expert organisations participating in the inventory preparation
- Other agreements
- Quality plan and related documents, e.g., documentation of the annual bilateral quality meetings or
the quality desk review.

2. Annual inventory process documents by reporting sector, which are produced, updated and archived in the
expert organisations responsible for the sectors, such as:

- Primary material for the calculation

- Internal documents for the calculation.

3. Inventory level documents of the annual inventory process, which are produced, updated and archived in
the inventory unit according to Statistics Finland’s archiving system:

- The general plan for compiling the inventory

- Internal documents for compiling the inventory

- Reference for country-specific data and methods

- The set of CRT tables and CRT json files and the National Inventory Document (NID)

- Review reports and other relevant material related to the review

- The inventory improvement plan.

1.2.3 Archiving information

The main archives of the greenhouse gas inventory unit are at Statistics Finland. The main archive’s purpose
is to fill the specific function mandated in the guidelines for national systems (UNFCCC Decision 20/CP.7,
paragraphs 16 and 17): it contains all the important data, models and documentation needed in inventory
development. It aims to facilitate efficient review of the inventory and provide rapid responses to questions
posed by expert review teams during reviews. The greenhouse gas inventory unit has prepared a working
instruction for archiving, which also serves as a plan for archive creation, describing how and which records
are being archived and the manner they are preserved. According to the working instructions, the archiving
takes place between January and May each year, after submission of the inventory to the EU or UNFCCC. The
main archive of the inventory is located on a server in Statistics Finland’s local area network. This archive has
restricted writing privileges and daily back-up copies are created. In addition, Statistics Finland has a system
for archiving data and metadata electronically in the national archives of Finland. The CRT data and SAS data
sets of the Energy and IPPU (excl. F gases) sector are also archived in with this electronic archiving system.
In addition to the guidelines for national systems, Statistics Finland must comply with the general record
management obligations 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 experts’ workstations, with
copies on backed-up network servers. Electronic copies are also made on CD-ROMs, portable external hard
drives or USB memory sticks. The expert organisations have implemented their archival procedures according
to their own plans of archive creation, with systems for electronic storage and retrieval of records.

Energy and Industrial processes and product use

The Energy (except transportation) and Industrial processes and product use sector (except F gases)
documentation and annual inventory records are archived according to working instructions (see above). The

archiving of inventory records for these categories takes place as follows:
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1. All data, models used at Statistics Finland and documentation needed in inventory preparation are
preserved in an archive located on a server in Statistics Finland’s local area network, which is backed-
up daily. This archive has restricted writing privileges. These servers are physically located in the
premises of Government ICT Centre.

2. The CRT data and SAS data sets of the Energy and IPPU (excl. F gases) sector are also archived
electronically in the national archives of Finland (see above).

The archiving of inventory records for the transport category takes place as follows:
1. All calculation models (LIISA, RAILI, MEERI, and TYKO) including the calculation results and time
series are annually filed. One copy to the official archive of VTT Technical Research Centre of Finland
Ltd and one copy to the responsible person (presently Arttu Lauhkonen). All models and their
documentation for all years are also stored in a SharePoint system at VTT.
2. All information produced during the calculation process is included in VTT’s official back-up-system.

The archiving of inventory records for the civil aviation category has been as follows (Finavia will keep the
records in their archives for 10 years):
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 annually stored in a specific folder on a server maintained by the
Information and Communication Technology unit of Finavia.

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

1. The original survey responses in paper form of the sectoral inventory are archived in the archival room
214 at the Finnish Environment Institute (Syke).

2. The survey responses received from the web-based data collection system and e-mail are archived in
Syke’s servers.

3. In addition to the original survey responses, 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 F gas archive at Syke also include printouts of data
analysing spreadsheets, final CRT tables, quality assurance plans for each year and the references used
in the inventory. Since submission 2021, all archiving of the F gas inventory has taken place in
electronic format.

4. All material, except handwritten notes, is archived in electronic files. The electronic files are saved on
Syke’s servers, which are back-up copied regularly, and on CD-ROMs or portable external hard drive,
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 an electronic database
- Chronological listing and recording of responses enable easy access to the original copies of
survey responses
- Spreadsheet applications used for data analysing and calculation
- Used methods, emission factors and parameters are displayed on worksheets
- Estimates are presented for different gases at subcategory level, as well as at aggregated
category level
- Estimates of activity data and emission factor uncertainty
- Submitted CRF data
- Final version of the inventory document (NID)
- Annual QA/QC plans

The archiving of inventory records for the indirect CO, emissions from NMVOCs category takes place as
follows:
1. The calculation sheets of NMVOC emissions are stored in electronic form and saved on Syke’s
servers. Back-up tapes are created automatically every day.
2. The calculation model includes calculation results and time series.
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3. Activity data, including questionnaires to industry, and information on emission factors are stored at
least in paper form at the Finnish Environment Institute (Syke) in room 210 and in electronic form if
available.

4. All electronic files created during the calculation process are backed-up regularly on a portable USB
flash drive and kept in the archive of the sectoral expert.

Agriculture

The archiving of Agriculture sector:

1.

3.

The calculation sheets and data documents related to the inventory are stored on the server maintained
by the information services of the Natural Resources Institute Finland (Luke). The folder structure is
similar for each inventory year, which makes data management easier. A limited number of people
have access rights to the files.

Luke’s statistics on forestry and agriculture and the quality descriptions of the statistics are published
on the Internet at https://www.luke.fi/en/statistics. The descriptions of the individual statistics are
available in English. The data collected for statistics are stored at Luke according to the Statistics Act
(280/2004).

After the compilation, the results and relevant data are archived in Luke’s electronic archive VIRTA.
The files are write-protected to prevent accidental modification or erasure.

LULUCF

The archiving of LULUCEF sector:

1.

2.

3.

Waste

The original National Forest Inventory data (NFI) are archived at the Natural Resources Institute
Finland (Luke). The database comprises of ASClI-files stored in a LINUX operating system.

Luke’s statistics on forestry and agriculture and the quality descriptions of the statistics are published
on the Internet at https://www.luke.fi/en/statistics. The descriptions of the individual statistics are
available in English. The data collected for statistics are stored at Luke according to the Statistics Act
(280/2004).

All activity data, calculation procedures and internal documentation, results and reports are archived
in Luke’s case processing system VIRTA after each submission. The files are write-protected to
prevent accidental modification or erasure.

All electronic data (mainly Excel, Word or Access files) on the annual waste inventory including databases,
models and documentation are collected in two separate places: the folder on the hard disk of the computer
used for the inventory, and the external back-up hard disk of the computer. In addition, a common network
disk drive for sharing data also serves as a backup for essential files. The annual information on paper is
collected at the Finnish Environment Institute (Syke) in room 208 and in the archival room 214,
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1.2.4 Process for official consideration and approval of inventory

Statistics Finland is the national entity with the overall responsibility for 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 EU and UNFCCC independently.

Before the finalisation of the inventory report, the draft inventory to the EU on 15 January is presented to the
advisory board of the greenhouse gas inventory (see Section 1.2.1.1 on the role of the advisory board). Before
submission of the final inventory to UNFCCC on 15 April (exception in 2024, when the inventory was
submitted to the UNFCCC by 31 December), the national inventory document is sent to the inter-ministerial
network on climate policy issues for comments.
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1.3 Brief general description of the methodologies
(including tiers used) and data sources used

The methodologies used for the Finnish greenhouse gas inventory are consistent with the 2006 IPCC
Guidelines. Methods and emission factors by category are presented in Table 1.3-1. This table is not fully
consistent with the CRT tables. ETF GHG Inventory Tool is programmed in a way that method and emission
factor information changes automatically to NA for subcategories with no emission data (the notation keys IE
or C are used in the respective cells in the ETF GHG Inventory Tool). The NID includes the correct method
and emission factor information for these subcategories. Detailed descriptions of the methodologies used by
sector are found in Chapters 3 to 9.

Table 1.3-1 Reported emissions, calculation methods and type of emission factors used in the Finnish
inventory in 2023 (CS = country-specific, CR = Corinair, D= default, PS= plant-specific, M= model, OTH=
other)

CRT Source Stock Emissions Method Emission
change reported factor
reported

1 Energy

1.A Fuel combustion activities

1.A1  Energy industries CO2 Tier 3 CS,D, PS
CHs4 Tier 3 CS
N20 Tier 3 CS
1.A.2  Manufacturing industries and CO2 Tier 3 CS,PS
construction (stationary CHs4 Tier 3 CS
sources) N20 Tier 3 CS
1.A.2  Manufacturing industries and CO2 Tier 3 CS
construction (mobile sources) CH4 Tier 3 CR
N20 Tier 3 CR,D
1.A3  Transport CO2 Tier 2, Tier 1 CS
CHs4 Tier 3, Tier 1 CR,CS,D, OTH
N20 Tier 3, Tier 1 CR,CS,D, OTH
1.A4  Other sectors (stationary CO2 Tier 3, Tier 2, Tier 1 CS,D
sources) CHq Tier 3, Tier 2, Tier 1 CS,D
N20 Tier 3, Tier 2, Tier 1 CS,D
1.A4  Other sectors (mobile sources) CO2 Tier 3, Tier 2 CS
CHs4 Tier 3, Tier 1 CR, OTH
N20 Tier 3, Tier 1 CR,OTH,D
1.A5  Other CO2 Tier 2 CS
CH4 Tier 2 CS
N20 Tier 2 CS

1.B Fugitive emissions from fuels

1.B.2  Qil and natural gas and other CO2 CS CS
emissions from energy CHq Tier 1, Tier 2, CS CS,PS,D
production N20 CS CS

1.C CO: transport and storage

1.C.1  Transport of CO2, pipelines CO [ET0 NA

10 CO2 emissions are calculated from the amount of PCC produced from captured CO>. Therefore, no
losses during the capture, transfer and production are reported separately.
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CRT Source Stock Emissions Method Emission
change reported factor
reported

2 Industrial processes and product use

2.A Mineral industry

2.A1 Cement production CO2 Tier 3 PS
2.A2 Lime production CO2 Tier 3 CS
2A3 Glass production CO2 Tier 3 CS
2A4 Other process uses of
carbonates
a Ceramics CO2 Tier 3 CS
b Other uses of soda ash CO2 Tier 1 D
d Other CO2 Tier 3 CS

2.B Chemical industry

2.B.1 Ammonia production!” CO2 NO NO
2.B.2 Nitric acid production N20 Tier 3 PS
2.B.6 Titanium dioxide production (6107) IE (2.A4.d)
2.B.8b  Ethylene CO2 IE (1.A2.c)
CHas (fugitive)  Tier 2 PS
2.B.10 Other
a Hydrogen production CO2 Tier 2 CS
b Other
Phosphoric acid production CO2 CS PS
Limestone and dolomite CO2 Tier 3 CS
use
Chemicals production CO2 Tier 3 PS

2.C Metal industry

2.CA1 Iron and steel production
- Steel CO2 Tier 3, CS CS
- Pig Iron IE (Steel) Tier 3, CS CS
- Sinter IE (Steel) Tier 3, CS CS
- Limestone and dolomite use CO2 Tier 3 CS
- Other: Coke CHq Tier 1 D
202 Ferroalloys production IE (2.C.1) Tier 3, CS CS
2.C4 Magnesium production CO2 NA NA
SFe 12 NA NA
2.C6 Zinc production IE (2.C.7) Tier 2 CS
2C7 Other
- Zinc, copper and nickel CO Tier 2 Cs
production
2.D Non-energy products from fuels and solvent use
2.D.1 Lubricant use CO2 Tier 1 D
CHs,N20 Tier 1 CS
2D.2 Paraffin wax use CO2 Tier 1 D
2D.3 Other
CO: Tier 1 D

11 for ammonia production: 1990 — 1992, CO2, method Tier 1 and emission factor D
12 for magnesium production: 1994 — 2009 and 2012, SFe IE (2.H.3)
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CRT Source Emissions Method Emission
reported factor
- Use of urea-based
catalysts CO2 Tier 2 D
- Use of urea in Nox
control in the energy
industry
2.E Electronics industry
2.E1 Integrated circuit or HFC, PFC, OTH, Tier 2a CS,D
semiconductor SFs IE (2.H.3)
2.F Product uses as substitutes for ODS
2.F.1 Refrigeration and air HFC, PFC Tier 2 CS,D
conditioning
2.F.2 Foam blowing agents HFC Tier 2 D
2.F3 Fire protection HFC IE OTH NA
(2H.3)
2.F4 Aerosols HFC Tier 2 D
2.G Other product manufacture and use
2.GA1 Electrical equipment SFs, Tier 2 Cs
PFC (IE 2.H.3)
262 SFe and PFCs from other SFe (IE2.H.3) OTH NA
product use
2.G.3 N20 from product uses N20 CS, Tier 1 CS
2.H Other
2H.3 Other: Grouped confidential SFs OTH, Tier 2 CS, D, NA
data of halocarbons and HFCs OTH, Tier 2 Cs,D
SFe PFCs , Tier 2 CS,D
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CRT Source Stock Emissions Method Emission factor
change reported
reported
3 Agriculture
3.A Enteric fermentation
3.A1 Cattle
3.A.1.a Dairy cattle CHs4 Tier 2 CS
3.A.1.b Non-dairy cattle CH4 Tier 2 CS
3A2  Sheep CHs4 CS CS
3.A3  Swine CHq Tier 2 CS
3.A4  Other livestock
- d Goats CHq Tier 1 D
- € Horses CHq Tier 1 D
- g Poultry NE" NA NA
- h Other
i Reindeer CHq CS CS
iv Fur-bearing animals CH4 OTH OTH
3.B Manure management
3.B.1  Cattle
3.B.1.a Dairy Cattle CHs4 Tier 2 CS
N20 Tier 2 D
3.B.1.b Non-Dairy Cattle CHs4 Tier 2 CS
N20 Tier 2 D
3.B2  Sheep CH4 Tier 2 CS
N20 Tier 2 D
3.B.3  Swine CHq Tier 2 CS
N20 Tier 2 D
3.B.4  Other livestock
- d Goats CHa4 Tier 2 Cs
N20 Tier 2 D
- € Horses CHq Tier 2 CS
N20 Tier 2 D
- g Poultry CHa Tier 2 CS
N20 Tier 2 D
- h Other
i Reindeer CHq Tier 2 CS
N20 (IE NA NA
(3.D.1.c)
iv Fur-bearing animals CHa Tier 2 CSD
N20 Tier 2
Liquid/slurry system N20 Tier 2 D
Solid storage N20 Tier 2 D
Dry lot N20 Tier 2 D
Pasture, range, and paddock N20 Tier 1 D
Deep bedding N20 Tier 2 D
3.B.5 Indirect N2O emissions N20 Tier 2 D
3.D Agricultural soils
3.D.1  Direct N2O emissions from
managed soils
a Inorganic N fertilizers N20 Tier 1 D

b Organic N fertilizers
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CRT Source Stock Emissions Method Emission factor
change reported
reported
i Animal manure applied
to soils N20 Tier 1 D
i Sewage sludge applied
to soils N20 Tier 1 D
iii Other organic fertilizers
applied to soils N20 Tier 1 D
¢ Urine and dung deposited by
grazing animals N20 Tier 1 D
d Crop residues
e Mineralisation associated with N20 Tier 1 D
loss of soil organic matter N20 Tier 2 D

(mineral soils)
f Cultivation of organic soils (i.e.
histosols) N20 Tier 2 D,CS

3.D.2  Indirect N2O emissions from
managed soils
a Atmospheric deposition N20 Tier 2 D
b Nitrogen leaching and run-off N20 Tier 2 D

3.F Field burning of agricultural residues

3F1  Cereals NO NA NA

3F2  Pulses NO NA NA

3.F.3  Tubers and roots NO NA NA

3.F4  Sugar cane NO NA NA

3.F.5  Other NO NA NA
3.G Liming

3.6 Liming CO: Tier 1 D

3.H Urea application
3.H Urea application (607) Tier 1 D
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CRT Source Stock Emissions Method Emission
change reported factor
reported

4 Land use, land-use change and forestry

4.A Forest land (remaining, converted)

Living biomass carbon/ CO2 Tier 3 CS
DOM, SOM (mineral and carbon/ CO2 Tier 2, Tier 3 CS
organic soils)

4.B Cropland (remaining, converted)

Living biomass carbon/ CO2 Tier 2, Tier 3 Cs,D
DOM, SOM (mineral and carbon/ CO2 Tier 1, Tier 2, Tier 3 CS,D
organic soils)

4.C Grassland (remaining, converted)
Living biomass carbon/ CO2 Tier 3, Tier 2 CS,D
DOM, SOM (mineral and carbon/ CO2 Tier 1, Tier 2, Tier 3 CS,D
organic soils)

4.D Wetlands (remaining, converted)

Peat extraction areas: living carbon/ CO2 Tier 3 CS
biomass
Peat extraction areas: DOM, carbon/ CO2 Tier 2 CS
SOM
Flooded land: living biomass carbon/ CO2 Tier 3 CS
Flooded land: DOM, SOM carbon/ COz Tier 1 CS,D
Other wetlands: SOM carbon/ COz Tier 2 CS
4.E Settlements (converted)
Living biomass carbon/ CO2 Tier 3 CS
DOM, SOM carbon/ CO2 Tier 2 CS
4.F Other land (converted)
Living biomass carbon/ CO2 Tier 1 D
DOM, SOM carbon/ CO2 Tier 1 D
4.G Harvested wood products carbon/ CO2 Tier 2 CS,D
4(l) Direct and indirect N2O emissions from N input to managed soils
Forest land N20 Tier 1 D
Settlements N20 Tier 1, Tier 2 CS,D

4(ll) Drainage and rewetting and other management of soils'

Wetlands: Peat extraction areas CHs, N2O Tier 2 CS
Wetlands: Flooded land CHq4 Tier 1, Tier 2 CS,D
Other Wetlands CHa, N2O Tier 2 CS
Forest land: Drained organic CHs, N2O Tier 1, Tier 2 CS,D
forest soils

4(lll) Direct and indirect N2O emissions from N mineralization/immobilization
Direct N2O emissions from N N20 Tier 1 CS,D

mineralization/immobilization:
Forest land, Settlements,
Cropland, Grassland
Indirect N2O emissions from N20 Tier 1, Tier 2 CS,D
managed soils:
Land converted to Cropland
and Grassland
4(IV) Biomass burning

Forest land CHs, NO2 Tier 2 D
Grassland (incl. Cropland) COg2, CHg, Tier 2 D
NO2
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CRT Source Stock Emissions Method Emission
change reported factor
reported

5 Waste

5.A. Solid waste disposal
5.A.1  Managed waste disposal sites CH4 Tier 2 Cs,D
5.A2  Unmanaged waste disposal CH4 NO NA NA
sites
5.B Biological treatment of solid waste
5.B.1  Composting
- Municipal solid waste CHa4, N20O Tier 1 D
- Municipal sludge CHs, N2O Tier 1 D
- Industrial sludge CHs, N2O Tier 1 D
- Industrial solid waste, CHs, N20 Tier 1 D
constr. waste
5.B.2  Anaerobic digestion at biogas
facilities
- Municipal solid waste CH4 Tier 1 D
- Municipal sludge CH4 Tier 1 D
- Industrial sludge CH4 Tier 1 D
- Industrial solid waste, CH4 Tier 1 D
constr. waste
5.D Wastewater treatment and discharge
5.D.1  Domestic wastewater CH4 Tier 2, CS Cs,D
N20 Tier 1,CS D
5.D.2  Industrial wastewater CH4 Tier 2, CS CS,D
N20 CS D
5.D.3  Other (Fish farming) N20 CS D

"Non-CO; emissions

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 and product use sectors, where emissions
originate from point sources. For these sources, simple equations that combine activity data with emission
factors are used. Also, in the Waste sector, bottom-up data from solid waste disposal sites and other treatment
facilities form the basic activity data. Different sources in the transport categories, Agriculture and LULUCF
sectors necessitate the use of more complicated equations and models. Table 1.3-2 summarises the most
important data sources used in the inventory.

Table 1.3-2 Main data sources used in the Finnish greenhouse gas inventory

Sector Main data sources

1.A Energy: Fuel combustion activities YLVA system

Energy Statistics (Statistics Finland)

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

LIPASTO and TYKO models of VTT, Finavia, Eurocontrol

Energy Authority (ETS fuel and emission data)
Other data (e.g. wood consumption data collected by Natural Resources

Institute Finland)

1.B Fugitive emissions from fuels YLVA system

Energy Statistics (Statistics Finland)
Individual companies
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Sector Main data sources
2 Industrial processes and product use Energy Authority (ETS emission data)
(except F gases) Industrial statistics database

YLVA system

Individual production plants

2 Industrial processes and product use (F~ Surveys of Syke
gases) Several statistics (see 4.7.2)

3 Agriculture Yearbook of Farm Statistics
Finnish Trotting and Breeding Association
Finnish Fur Breeders’ Association
Natural Resources Institute Finland (Luke)
Finnish Environment Institute (Syke)
Published literature
Finnish Food Authority
4 LULUCF NFI (National Forest Inventory)
Finnish Statistical Yearbook of Forestry (data source until 2014)
Natural Resources Institute Finland (Luke), Statistics service
Published literature
National Land Survey of Finland
Finnish Food Authority
5 Waste YLVA system
The Finnish Biogas Plant Register and Biogas survey of Statistics Finland
Water and Sewage Works Register
Register for Industrial Water Pollution Control

Indirect CO2 emissions YLVA system
ULTIKA/ULJAS, import statistics of Finland
Association of Finnish Paint Industry
Individual companies
Published literature

The YLVA system of Finland’s environmental administration is one of the main data sources used in the
inventory (especially in the Energy and Waste sectors). The YLVA system functions as a tool for the 15
Centres for Economic Development, Transport and the Environment in their work on processing and
monitoring environmental permits. The data system contains information required by the environmental
permits concerning the clients (more than 31,000), such as:

- Identification

- Contact persons

- Respective authorities

- Licence conditions

- Environmental insurance

- Discharge points, such as stacks and sewers

- Emissions control equipment

- Treatment plans

- Boilers and fuels used

- Landfills

- Emissions to air, discharges to water and waste

- Energy production

- Raw materials.

The range of facilities that have requirements to report information of their emissions to the environment to
supervising authorities (e.g. according to their environmental permit/emission monitoring programme) is much
wider than the IPCC activities in Finland, and also includes fish farms regarding wastewater issues. The
installations report annually emission data to the supervising authority. Monitoring of releases is carried out
according to the requirements in the monitoring programme (e.g., measurement methods are determined there).

The authorities check the quality of these data before accepting them to the YLVA system. The checks include
an overview if the requirements in the permit/programme have been met and of the submitted data. In case the
authorities find inconsistencies, the facilities are required to correct the data and resubmit it. The authorities
carry out regular visits to supervise the activities at a plant and check issues related to emission monitoring
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during these visits. Data reported by the plants are also checked (level of emissions, completeness of emissions
and activity data reported etc.) by the inventory preparers (Statistics Finland, Syke). If inconsistencies are
found, questions are sent to the facilities, which check their data and resubmit the corrected data to the
authorities. A more detailed description of YLVA is included in Annex 6.

The EU ETS data obtained from the Energy Authority are an 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
processes and product use sector) and for comparison of fuel consumption and CO, emissions of specific
installations (mainly energy emissions). Quality assurance of EU ETS data have been reported in the
Appendix_3e of Energy.

During 2005 to 2007, Finland 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 was applied to CO, 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 the emissions trading system
needs an emissions permit, pursuant to which it has the right to emit CO; into the atmosphere. The issuance of
permits lies with the Energy Authority. In Finland, the number of installations needing a permit has been
around 530 during the first period of the EU ETS.

During the period 2008 to 2012, the EU ETS was linked to the international emissions trading under the Kyoto
Protocol. Also, the scope of installations included in the emissions trading was expanded to involve
petrochemical cracking installations and mineral wool production, as well as carbon black production.

In 2012, the EU ETS was extended to cover emissions from aviation including internal flights within the EU.
Finnish Transport and Communications Agency, Traficom?? is the national authority for emissions trading in
aviation in Finland.

For the period 2013 to 2020, the EU ETS was again extended to cover all installations (not only combustion
installations) with thermal input of more than 20 MW and some new industrial sources, such as N,O emissions
nitric acid production. During this period, the emission allowances were mainly auctioned. An EU ETS
operator could have also applied for free emission allowances from the Ministry of Economic Affairs and
Employment depending on their industrial branch consistent with the decision 2011/278/EU. During the period
2013 to 2020, the EU ETS was still linked to the international emissions trading under the Kyoto Protocol.

The fourth emissions trading period began in 2021. This time the scope was not extended as it was in the
beginning of the previous trading periods. Instead, the scope was extended in 2024 to cover for example
biorefineries. In addition, the capacity threshold of some of the processes were reduced (for example the
production of hydrogen). At the moment, there are about 500 installations, which need a permit. During this
period, the emission allowances are mainly auctioned. An EU ETS operator can apply for free emission
allowances from the Energy Authority according to the rules laid down in the Delegated Regulation (EU)
2019/331.

In 2024, the EU ETS was also extended to cover maritime emissions. Finnish Transport and Communications
Agency, Traficom is the national authority for emissions trading in maritime in Finland.

1.3.1 Changes in the national inventory arrangements since the
previous annual greenhouse gas inventory submission

There were no changes in national inventory arrangements i.e. national system since the previous annual
inventory submission (see Chapter 11).

13 The Finnish Transport Safety Agency (Trafi), the Finnish Communications Regulatory
Authority (FICORA) and certain functions of the Finnish Transport Agency merged to
form the Finnish Transport and Communications Agency Traficom on 1 January 2019
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1.4 Brief description of the key categories

1.4.1 GHG inventory

This section provides a summary of the key categories identified (Table 1.4-1). Finland’s key category analysis
differs from information reported in CRT Table 7, since it includes Approach 2 analysis and a bit different
aggregation level of subcategories than suggested in the 2006 IPCC Guidelines. Annex 1 provides detailed
information on the identification of the key categories.

The national key categories for the base year and the latest reported inventory year are identified using
Approach 1 and Approach 2, the key categories of Approach 2 are added to the key categories of Approach 1.
The key categories listed here were analysed with a national procedure. The aggregation level of subcategories
used in the analysis is based on the suggested aggregation level in the 2006 IPCC Guidelines (Vol. 1, Table
4.1) with following disaggregation:

i) Category 1.A.3.b Road transportation is subdivided to main fuel types,

ii) Category 2.B.10 Other is subdivided to the 4™ CRT category level,

iii) Category 2.D Non-energy products from fuels and solvent use is subdivided to the 3" CRT category

level.

These disaggregated subcategories have clearly distinguishable activity data and cross correlation between
them is minimal.

The categories 4.D.1 Wetlands remaining wetlands and 4.D.2 Land converted to wetlands are kept in the 3™
CRT category level. Here the peat extraction area is the main activity area and the other subcategories have a
minor role. Subdivision of this category would increase uncertainties since cross correlations between the
subcategories are poorly known.

Indirect CO, emissions are included in the key category analysis.

Results of the key category analysis are important because they guide decisions on methodological choice
(together with uncertainty analysis, see Section 1.6). The goal is to screen the long list of category-gas
combinations (over 200 categories) and find those that are the most important in terms of the emissions level
and the trend. This short list (Table 1.4-1) forms the basis of discussions with the sectoral experts on the quality
of the estimates and possible need for improvement. The key categories are also subject to more detailed
documentation and quality control.
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Table 1.4-1 Key categories identified using Approach 1 and Approach 2 level and trend assessment for the
UN 2025 submission

Category Gas Level Trend
Base year Year 2023
1.A.1. Energy Industries Liquid CO; Yes Yes Yes
1.A.1. Energy Industries Solid CO, Yes Yes Yes
1.A.1. Energy Industries Gaseous CO, Yes Yes Yes
1.A.1. Energy Industries Other fossil CO, Yes Yes
1.A.1. Energy Industries Peat CO;, Yes Yes Yes
1.A.1. Energy Industries Biomass N,O Yes Yes
1.A.2. Manufacturing Industries and Construction Liquid CO, Yes Yes Yes
1.A.2. Manufacturing Industries and Construction Solid CO, Yes Yes Yes
1.A.2. Manufacturing Industries and Construction Gaseous CO, Yes Yes Yes
1.A.2. Manufacturing Industries and Construction Other fossil CO, Yes Yes
1.A.2. Manufacturing Industries and Construction Peat CO; Yes Yes Yes
1.A.3.a. Domestic Aviation Liquid CO, Yes Yes
1.A.3.b. Road Transportation Diesel oil CO, Yes Yes Yes
1.A.3.b. Road Transportation Diesel oil N,O Yes Yes Yes
1.A.3.b. Road Transportation Motor gasoline  CO, Yes Yes Yes
1.A.3.b. Road Transportation Motor gasoline  CH4 Yes
1.A.3.b. Road Transportation Motor gasoline  N,O Yes Yes
1.A.3.d. Domestic Navigation Liquid CO;, Yes Yes Yes
1.A4. Other Sectors Liquid CO, Yes Yes Yes
1.A4. Other Sectors Gaseous CO, Yes
1.A4. Other Sectors Peat CO, Yes
1.A4. Other Sectors Biomass CH,4 Yes Yes Yes
1.A4. Other Sectors Biomass N,O Yes Yes
1.A.5. Other Liquid CO, Yes Yes Yes
1.B.2. Oil and Natural gas and other emissions from energy CO; Yes
1.B.2. Oil and Natural gas and other emissions from energy CH4 Yes
2.A.1. Cement Production CO, Yes Yes Yes
2.A.2. Lime Production CO, Yes Yes
2.B.2. Nitric Acid Production N,O Yes Yes
2.B.10.a. Hydrogen Production CO; Yes Yes
2.B.10.b. Other CO, Yes
2.C.1. Iron and Steel Production CO, Yes Yes Yes
2.F.1. Refrigeration and Air Conditioning HFCs Yes Yes
3.A. Enteric Fermentation CH,4 Yes Yes Yes
3.B. Manure Management CH,4 Yes Yes Yes
3.B. Manure Management N2O Yes Yes Yes
3.D.1. Direct N20O Emissions From Managed Soils N,O Yes Yes Yes
3.D.2. Indirect N20 Emissions From Managed Soils N,O Yes Yes Yes
3.G. Liming CO, Yes Yes Yes
4.A1. ForestLand Remaining ForestLand CO, Yes Yes Yes
4.A.2. Land Converted to ForestLand CO, Yes Yes
4.B.1. Cropland Remaining Cropland CO, Yes Yes Yes
4.B.2. Land Converted to Cropland CO, Yes Yes Yes
4.C.1. Grassland Remaining Grassland CO, Yes Yes
4.C.2. Land converted fo grassland CO, Yes Yes
4.D.1. Wetlands Remaining Wetilands CO; Yes Yes Yes
4.D.2 Land converted to wetlands CO, Yes
4.E.2. Land converted to Setfements CO, Yes Yes
4.G. Harvested Wood Products CO, Yes Yes Yes
4(I1). Drainage and Reweting and Other Management of Soils CH, Yes Yes Yes
4(11). Drainage and Rewetting and Other Management of Soils N,O Yes Yes
5.A. Solid Waste Disposal CH4 Yes Yes Yes
5.B. Biological Treatment of Solid Waste CH,4 Yes
5.D. Wastewater Treatmentand Discharge CH,4 Yes
5.D. Wastewater Treatmentand Discharge N,O
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1.5 Brief general description on QA/QC plan and
implementation

This section presents the quality management including quality objectives and the QA/QC and verification
plan for the Finnish greenhouse gas inventory at the national inventory level. Category-specific QA/QC details
are discussed in the relevant sections of this NID.

1.5.1 Quality management

The objective of Finland’s GHG inventory system is to produce high-quality GHG inventories, which 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 in conjunction with the inventory process (Figure 1.5-1). The
guality control and quality assurance elements are integrated into the inventory production system, which
means that each stage of the inventory process includes relevant quality management procedures.

The inventory process consists of four main stages: planning, preparation, evaluation and improvement (PDCA
cycle) and aims at continuous improvement. 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, if necessary, its replication.

Inventory principles / Quality objectives:
Continuous improvement — Transparency — Consistency —
Comparability — Completeness — Accuracy — Timeliness

e ™ e ™
| 4. Conclusions and improvement | | 1. Inventory and quality planning |

+ reporting + setting quality objectives

+ assessing the effectiviness of the inventory + elaboration of QA/QC and verification plan

system + Specifying necessary processes and resources
| = conclusions and future actions | | Selecting methods and emission factors
N v Ny /
Continuous
improvement

e N ™\

/2 Inventory preparation
+ collecting activity data
+ implementing QC checks

| 3. Inventory evaluation
« implementing QA and verification
+ quality meetings / quality desk review -
* uncertainty analysis recalculatl_ons L )
. + documenting and archiving of the inventory

reviews of international review teams .
\ ) \ material /

Figure 1.5-1 Inventory and QA/QC process of the inventory

Statistics Finland has the overall responsibility for the GHG inventory in Finland, including the responsibility
for coordinating the quality management measures at the national level. The quality coordinator steers and
facilitates the quality assurance and quality control (QA/QC) and verification process and elaborates the
QA/QC and verification plan (Section 1.5.2). 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 and verification procedures.

Issues related to QA/QC and verification are discussed at the meetings of the inventory working group (three
to five meetings per year) and at the bilateral quality meetings or in conjunction with the quality desk reviews
between the inventory unit and the expert organisations (once a year). The main findings and conclusions
concerning the inventory’s quality and the needs for improvement are communicated to the advisory board. A
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shared workspace including, e.g., guidelines, plans, templates and checklists is in place and available to all
parties involved in the national inventory system via the Internet.

Statistics Finland bears the responsibility for archiving the basic documents of the national system and the
submissions of annual inventories (CRT tables and NID). The expert organisations contributing to the sectoral
calculations archive the primary data used, internal documentation of calculations and sectoral CRT tables
(See Section 1.2.3).

In addition to consideration of the specific requirements in the guidelines for greenhouse gas inventories, the
development of the inventory quality management system followed the principles and requirements of the ISO
9001 standard. The benefits (e.g. the perspective of a third-party assessment) and costs (e.g. the amount of
resources required for registration) of certification were evaluated in conjunction with the development of the
inventory quality management system, and Statistics Finland has decided not to apply for the 1SO 9001
compliance certification.

Also, as a national statistical office, Statistics Finland and its Greenhouse Gas Inventory Unit are committed
to quality. The principles of the European Foundation for Quality Management (EFQM principles) are
employed by Statistics Finland as it is the overall framework for quality management. The quality management
framework of the field of statistics is the European Statistics Code of Practice (CoP). The frameworks
complement each other and supports the GHG inventory quality management
(http://www.tilastokeskus.fi/org/periaatteet/laadunhallinta_en.html).

1.5.2 QA/QC and verification plan and quality objectives (Plan)

The inventory planning stage includes the setting of quality objectives and elaboration of the QA/QC and
verification plan for the coming inventory preparation, compilation and reporting work. In addition, a schedule
of the coming inventory round is prepared and presented to the expert organisations. The timetable includes,
for example, deadlines for QC checks of the inventory compilation and draft meeting schedules of the
inventory working group and advisory board.

The setting of quality objectives is based on the inventory principles. Quality objectives (Table 1.5-1) are
specified statements about the quality level that is aimed at 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.

Table 1.5-1. The quality objectives regarding all calculation sectors for the inventory

Quality objectives
1. Continuous improvement
1.1. Treatment of review feedback is systematic
1.2. Improvements promised in the National Inventory Document (NID) 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
1.6. Verification of the inventory meet the requirements
1.7. Known uncertainties of the inventory are taken into consideration when planning the improvement needs
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. CRT tables and the National Inventory Document (NID) 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
6. Accuracy
6.1. Estimates are systematically neither higher nor lower than the true emissions or removals
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Quality objectives
6.2. Calculation is correct
6.3. Inventory uncertainties are estimated
7. Timeliness
7.1. High-quality inventory documents reach their receivers (EU/UNFCCC) within the set time

The quality objectives and the planned general and category-specific QA/QC and verification procedures for
all sectors are defined in the QA/QC plan. This is a document 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, updated
annually, and consists of instructions and a QA/QC form. The instructions include descriptions of, e.g., quality
objectives, general and category-specific inventory QC checks, information on quality assurance and
verification, schedules, and responsible parties. The QA/QC form addresses the actions to be taken in each
stage of the inventory preparation. Sectoral experts fill in the form the QA/QC and verification procedures
performed, and the results of the procedures. Discussions in the bilateral quality meetings or feedback given
during the quality desk reviews are based on information documented on these forms. The QA/QC plan is
available in the shared workspace 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 may use category-specific QC checklists.
These lists are included in the internal documentation of the calculations.

1.5.3 Quality control procedures (Do)

The general and category-specific QC procedures are carried out by the experts during the inventory
calculation and compilation according to the QA/QC and verification plan.

The QC procedures used in Finland’s GHG inventory comply with the 2006 IPCC Guidelines. General
inventory QC checks (2006 IPCC Guidelines, Vol 1, Chapter 6, Table 6.1) 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 reviews
of the activity data, emission factors and methods are applied on a case-by-case basis focusing on key
categories and on categories where significant methodological changes or data revisions have taken place.

Once the experts have implemented the QC procedures, they complete the QA/QC and verification form for
each category, which provides a record of the procedures carried out. The results of the completed QC checks
are recorded in the internal documents of the calculations and archived in the expert organisations. The key
findings are summarised in the category-specific chapters of this NID.

Several QC checks are implemented at Statistics Finland during the compilation of the CRT Tables and the
NID. A specific excel workbook is established to improve the assessment of results, emission trends and to
ease the detection of errors and inconsistencies. In addition, the NID tables and figures are produced based on
CRT data as much as possible to ensure consistency between the CRT Tables and the NID. This is continuously
improved in order to avoid any discrepancies.

1.5.4 Quality assurance (Check)

The QA reviews are carried out 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,

guality meetings or quality desk reviews, internal and external audits, peer reviews, comparisons under the EU
Governance Regulation and UNFCCC and EU inventory reviews.
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EU Governance Regulation

Under the EU Governance Regulation, Finland annually compares its greenhouse gas inventory data with data
reported under the UN ECE (air pollutant data), the EU ETS and energy statistics. At present, the European
environmental Agency (EEA) performs QA/QC of EU Member States’ submissions under the EU Governance
Regulation and acts complementing it (e.g. annual initial checks, comprehensive reviews in 2025 and 2027,
compliance checks in 2027 and 2032 and comparisons across Member States). These checks and comparisons
provide valuable information for correcting potential errors and deficiencies. The information is taken into
account before Finland submits its final annual inventory to the EU and the UNFCCC.

Basic review of the draft submission

A basic review of the draft GHG emission and removal estimates and the draft report 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 experts and the inventory unit. The basic review includes for
example analyses of emission and removal trends and recalculations, checks of NID and CFR tables. These
analyses and checks are carried out by sectoral experts and by the inventory unit. The final official
consideration, which includes review and approval of the submission, is done by Statistics Finland after the
annual quality meetings or quality desk reviews and after the EU initial check.

Internal and external audits

An annual in-depth review of the inventory by sector or responsibility area is done mainly in conjunction with
the bilateral quality meetings or the quality desk reviews. The bilateral quality meetings are held annually
between the inventory unit (the compiler) and the expert organisations (producing the inventory estimates and
descriptions) in January to February. For sectors and responsibility areas, where no significant changes in the
inventory calculations have been made, quality desk reviews are performed by the quality coordinator. During
this review, quality issues are discussed by e-mail or telephone. In 2024 (inventory 2022) bilateral quality
meetings were held for each sector.

The main objective of the quality meetings and quality desk reviews is to ensure that the experts have
implemented the QC checks and the required QA and verification procedures in accordance with the QA/QC
and verification plan, and to evaluate the results and documentation of the procedures (Figure 1.5-2). Quality
meetings and desk reviews follow a fixed agenda that include the following items: Implementation of the
QA/QC plan, category-specific QA/QC and verification actions if relevant, review feedback, structure and
transparency of the reporting (NID and CRT tables), improvement needs and plans, and functioning of the
national inventory system (e.g. resources for inventory preparation). The main findings and conclusions
regarding the inventory’s quality and improvement needs are considered by the advisory board and
communicated to the parties to Finland’s GHG inventory system. These conclusions concerning the 2022
guality meetings were for example that all sectors perform QA/QC and verification procedures and aim
towards continuous improvement, and that each sector should have substitute experts.
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Figure 1.5-2 Objective, agenda and results of the quality meetings and desk reviews

April 2025



47

Category-specific internal audits 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 category-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 activities 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 available documentation. 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 between the actors in the national system.
The timing of internal audits does not depend on the timing of the annual submissions: they are carried out
throughout the year within the available resources. The need and focus of internal audits are identified in the
bilateral quality meetings or in the quality desk reviews. The audit findings and conclusions are documented
in audit reports (in Finnish).

The first internal audit took place in the Agriculture sector in November 2009. The audit covered issues related
to the management of review feedback, recalculations and institutional arrangements for inventory preparation.
In general, the audit findings and conclusions indicated conformance with the requirements. Some minor
improvement needs were identified.

The second internal audit was conducted in the LULUCF sector in October 2010. The audit focused on
institutional arrangements for inventory preparation and documentation of the general and sector-specific
QA/QC procedures. Non-conformities with the requirements were not found. The audit concluded that the
inventory QA/QC system in the sector is effectively implemented and continually improved.

In 2011, two internal audits were carried out, one in the mobile sources and another in the Waste sector. The
aim of the audits was to ensure the adequacy of the working instructions and other internal documentation for
the calculation. In addition, the archiving procedures were reviewed. The audit findings indicated that the
internal documents and archiving procedures were in line with the requirements.

In 2013 and 2021, the working instructions of the industrial processes were audited in order to assess the
transparency of the instructions. The audit confirmed that the instructions were adequate for the inventory
preparation, but few improvement suggestions were made in order to ease the work of new or substitute experts
in the future.

The documentation of the Energy sector calculations in the NID were audited in 2017 by an independent expert
who is not involved in the Finnish inventory but have some knowledge of Finland’s Energy sector and in-
depth knowledge of the greenhouse gas inventory and calculation methodologies. The objective of this audit
was to improve the transparency of the NID. In the audit report, it was concluded that in general the quality of
the Finnish NID is high, but that some improvements could be made to improve the transparency. For example,
some significant changes in the time series should be explained and more comparisons could be presented at
aggregate level (Nielsen, 2017). Results of the audit were taken into account in the 2018 and 2019 submissions.

Statistics Finland has had its own internal quality audit system (statistical auditing). The objectives of this
quality audit were, for example, to evaluate and question ways of working, methods and techniques, and to
identify and search for good practices (Piela, 2011). The auditing examined the production process of an
individual set of statistics step by step, analysing the employed procedures and imposed demands, and their
realisation. The internal quality auditing of the greenhouse gas statistics was performed in autumn 2020. The
focus of the internal statistical audit was on greenhouse gas statistics not the entire inventory, meaning that
only energy and IPPU (excl. F gases) calculation processes were audited. During the audit, the basic
information form was filled and interviews were performed by a team of three experts. These experts
summarised the results including improvement needs of this audit in a final report (Statistics Finland, 2020).
These included for example suggestions to reduce manual work during data checks and to increase and simplify
communication with users.
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Peer reviews

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. More information on peer review activities that have been
undertaken are described in the category-specific chapters.

GHG inventory teams of the Nordic countries have met periodically to exchange information, experiences and
views on to the preparation on the national GHG inventories. The Nordic greenhouse gas inventory expert
meetings, which include participants from Finland, Sweden, Norway, Denmark and Iceland, have been
organised annually since 2015 on. In 2024 the meeting was organised in Denmark (a hybrid meeting). During
these meetings, several issues concerning the inventory are discussed. Experts have decided to further continue
cooperation in order to get input to the QA and verification of inventory data and to create a network for
sharing information.

This collaboration also provides opportunities for bilateral peer reviews. For example, in 2011 the Finnish and
Swedish LULUCF teams decided to launch a joint project to verify reported carbon stock changes in dead
organic matter and soil carbon. The project results have increased confidence in the reported carbon stock
changes. From 2012 on annual collaboration meetings (Finland, Sweden, Norway and Denmark) have been
organised on the LULUCF sector. Special focus has been given to several topics such as adaptation of the 2006
and 2019 IPCC Guidelines and the related CRT tables, methods on land area identification and reporting,
comparison of emission factors and other parameters, ongoing methodological developments.

A project called ‘Nordic policy cluster for F gases’ started in 2017. The project includes all the Nordic countries
(Finland, Denmark, Iceland, Norway and Sweden) and is funded by the Nordic council of ministers. The aim
of the project has been to compare the Nordic F gas emission inventories. Variations and similarities in the
total emissions and consumption figures, data sources, emission estimation methodologies and emission
factors have been identified during the project and the results so far have been summarised in the two published
project reports (http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A1344817&dswid=-2943 and
https://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A1691867&dswid=5007).

The UNFCCC inventory review teams coordinated 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 annually an independent review report on Finland’s GHG inventory.

In 2012, the EU implemented an internal technical review of its Member States’ greenhouse gas inventories
as part of the implementation of the EU Effort Sharing Decision (ESD). This technical review of the 2012
greenhouse gas inventory submission had focus on the estimates for the years 2005, 2008, 2009 and 2010 and
was carried out by a Technical Expert Review Team (TERT). The European Commission used these reviewed
and verified emissions data to determine Finland's annual emission allocations for the period from 2013 to
2020. Technical reviews to verify the annual emissions under the ESD were conducted under the EU MMR
also for the inventory submissions annually since 2015. The 2020 review was carried out as a comprehensive
review. The reviewers carried out checks to verify the transparency, accuracy, consistency, comparability and
completeness of the national GHG inventory for the years 2005, 2016, 2017 and 2018 submitted in 2020 by
Finland pursuant to Article 7 of the MMR. The European Commission has determined Finland’s annual
emission allocations (AEASs) for the years from 2021 to 2030 using this data*.

In 2025 the European Commission will carry out a comprehensive review of the national inventory data, this
review will concern the years 2021, 2022 and 2023. The review will determine annual emission allocations for
the years 2026 to 2029. For the LULUCF the review will define the budget for 2026 to 2029 based on the
average on data of 2021 to 2023 and the target of 2030.

14 Commission implementing decision (EU) 2020/2126 on setting out the annual emission
allocations of the Member States for the period from 2021 to 2030 pursuant to Regulation
(EU) 2018/842 of the European Parliament and of the Council
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The first compliance review of LULUCF will be in 2027.

1.5.5 Verification (Check)

Emission and activity data are verified by comparing them with other available data compiled independently
of the GHG inventory system. This includes measurement and research projects and programmes initiated to
support the inventory system, or for other purposes but which provide information relevant to the inventory
preparation. Verification activities that have been undertaken are described in the category-specific chapters.

In addition, Finland annually compares greenhouse gas inventory data with, for example, data reported under
the EU ETS, energy statistics and under the CLRTAP.

1.5.6 Improvement of the inventory, including the process for
recalculations (Act)

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 based
on the realised QA/QC measures taken and their results, as well as UNFCCC and EU review feedback and
uncertainty analysis where relevant. In addition, the inventory unit and experts performing the inventory
calculations follow the development of the sector. When technologies and practices change, or recent activity
or research data become available, they evaluate the need for improvements and recalculations to improve the
inventory.

Finland’s inventory system has a specific procedure for the consideration and approval of the recalculations
(Figure 1.5-3). When sectoral experts identify any needs for recalculations, they contact the inventory unit and
provide comparison calculations and solid justification for the recalculation. The methodological changes are
then communicated to the advisory board of the greenhouse gas inventory for evaluation and approved by the
inventory unit before adopted into production.

As a part of the inventory improvement, the QA/QC and verification plan is also checked and updated annually
based on the results received from the previous inventory round. In the implementation of the improvements,
resources are prioritised based on the significance of the sources where needed. The results of the key category
analysis are taken into account in assessing the significance.

4 \
Comparison Methodological
Identified need for calculations and solid changes Approval by the Adoption into
recalculation justification presented communicated to the inventory unit production
to inventory unit | advisory board
/ / /

Figure 1.5-3 Procedure for the consideration and approval of the recalculations

1.5.7 Treatment of confidentiality issues

The treatment of confidential information in the greenhouse gas inventory is based on national®® and
international’® legislation on statistical confidentiality, as well as on internal guidelines and regulations.

15 Statistics Act 280/2004 and its amendments

16 Regulation (EC) No 223/2009 of the European Parliament and of the Council of 11 March 2009 on
European statistics and repealing Regulation (EC, Euratom) No 1101/2008 of the European
Parliament and of the Council on the transmission of data subject to statistical confidentiality to the
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Statistics Finland does not, by rule, disclose data related to single statistical units. The main principle for
publishing aggregated data is that data from a single unit cannot be identified based on the published
information. In practise, this means that data from at least three units are needed for disclosing the aggregate
value. If one unit is very dominant in a specific category, this can also lead to treating the whole category as
confidential. In case Statistics Finland has an agreement with the data producer, the information can be made
public.

Finland has made efforts to report confidential data, e.g. through agreements with companies to allow
publication or their data. At present, only insignificant or small emissions are reported as confidential in the
CRT tables. In many cases, the confidential activity data is received from small companies and these data
providers change over time. In addition, some companies are unwilling to allow publication of their
confidential data. Therefore, in many cases it would not be possible to change the reporting or the efforts would
be disproportionate compared to the potential improvements in transparency.

Statistical Office of the European Communities, Council Regulation (EC) No 322/97 on Community
Statistics, and Council Decision 89/382/EEC, Euratom establishing a Committee on the Statistical
Programmes of the European Communities
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1.6 General uncertainty assessment, including data
pertaining to the overall uncertainty of inventory
totals

The detailed reporting tables of the analysis are in Annex 2.

Finland carries out both Approach 1 and Approach 2 uncertainty analysis annually. The results of the
uncertainty analysis are used to prioritise inventory improvements by using them in association with the key
category analysis.

The Approach 2 analysis is based on the Monte Carlo simulation, and it is prepared in accordance with the
IPCC methodology (2006 IPCC Guidelines). The uncertainty analysis covers all categories of emissions and
removals.

The main methodologies used by sector and changes are summarised below. More information on the
uncertainty assessment by category is given in sector-specific chapters.

The uncertainty analysis in the Energy sector was carried out on a detailed level, covering more than 30 fuel
types mainly at the 4" CRT category level (e.g. 1.A.1.a). The level of disaggregation was such that
uncertainties of activity data (AD) and emission factors (EFs) (within the same year) could be considered
independent. For the calculation of different greenhouse gas emissions from a fuel and category combination,
the same AD distribution was used.

In the industrial processes and product use sector, most uncertainties were determined at 3" CRT category
level (e.g. 2.A.1) and by greenhouse gas. Uncertainties in indirect CO, emissions were estimated separately
from direct CO; emissions. Uncertainties in process emissions from iron and steel (CO, from 2.C.1) were
estimated based on uncertainty in total CO, emissions from iron and steel production (2.C.1 +1.A.2.a) and the
uncertainties in related emissions in the Energy sector (1.A.2.a). Uncertainties in F gas emissions were
estimated by the Finnish Environment Institute (Syke) directly in the calculation sheets. Uncertainty
distributions were fitted to the results and included in the overall inventory uncertainty model.

In the Agriculture sector, combined uncertainties (e.g. activity data, emissions factors and other parameters)
of emissions by category and gas were estimated by Luke.

In the LULUCEF sector, most of the uncertainties were based on uncertainty analyses carried out by Luke (for
example for Forest land remaining forest land, separately for biomass, mineral and organic soils), in these
cases emission uncertainties were used in the overall inventory uncertainty model. The uncertainty of wetlands
remaining wetlands constitutes that of peat extraction, while uncertainties of other subcategories were excluded
due to their minor role. Whereas for the remaining categories, uncertainties were estimated based on AD and
EF/implied emission factor (IEF) uncertainties.

In the Waste sector, the uncertainties in CH4 emissions from landfills were estimated by applying the Monte
Carlo simulation to the SWDS model. Uncertainties for other categories were estimated based on the AD and
EF/IEF uncertainties in the overall inventory uncertainty model.

Uncertainties estimated at a detailed level were aggregated (with the Monte Carlo simulation) to the level used
in the key category analysis (see Annex 2). In addition to uncertainties in emissions, uncertainties in aggregated
AD and IEFs (in some cases the same as EFs) were also estimated with the Monte Carlo simulation. The higher
uncertainty values (usually the upper bound of the uncertainty range) of the simulated AD and IEFs were used
as AD and EF uncertainties in the Approach 1 method (also in Annex 2). In the cases where uncertainty
estimates could not be divided between AD and IEF/EF, only the emission uncertainty was reported in the
Approach 2 Table in Annex 2. Similarly, the emission uncertainty was used in those cases in the Approach 1
calculation following the 2006 IPCC Guidelines.

Table 1.6-1 shows the uncertainties (for CO; eq. emissions/removals) for the 2023 level and trend (percentage
change from 1990) estimated with Approach 1 and Approach 2 methods for this submission. Both uncertainties
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for UNFCCC sectors are shown. For UNFCCC sectors, Approach 1 and 2 gave quite similar results for 2023,
due to the use of the same input data. Small differences were caused by the fact that the asymmetry of
uncertainties cannot be taken into account in Approach 1; however, as the majority of emissions is from sources
with symmetrical distributions, the results of Approach 1 and 2 are quite close to each other. The similarity of
the results of Approach 1 and 2 confirms that both methods to combine uncertainties were applied correctly.
The differences between Approach 1 and 2 estimates of trend uncertainty were larger. This is due to the fact
that in the Approach 1 method, when uncertainties are only available for emissions (not for AD and EF
separately), the estimates of 1990 and 2023 have to be expressed either as “correlated” or “not correlated”.
Partial correlation occurs in particularly in the Agriculture sector and the trend uncertainty is highly sensitive
to whether partial correlation is treated as “correlated” or “not correlated”. In the current approach, the
uncertainties in most agriculture categories were treated as “not correlated”, and, therefore, the trend
uncertainty estimated with Approach 1 is somewhat overestimated.

Table 1.6-1 Inventory uncertainties for level and trend (percentage change from 1990)

2023 Level uncertainty Trend uncertainty
Emission, trend and uncertainty 2023 2023
estimates Emission Trend Approach 2 Approach 1 Approach 2 Approach 1
kt CO, eq. % % % % %
Total UNFCCC, without LULUCF 41103 43 3..45 15 2. +3 14
Total UNFCCC, with LULUCF 53102 8 21 .. +21 +21 25..+29 133
Indirect CO, 48 -1 A7 17 +17 6..+8 17
1. Energy 28 494 47 1. +2 12 1.+ +1
2. Industrial processes and product use 4719 -10 5..15 17 21 .. 437 18
3. Agriculture 6 195 21 -18 .. +28 +29 14 . +21 +33
4, LULUCF 11 998 -153 90 .. +92 +94 57 .. +48 71
5. Waste 1647 68 -26 .. +28 +29 5..+6 +12

Quantitative estimates of uncertainty for the Finnish greenhouse gas inventory were published for the first time
in 2001, starting from the inventory year 1999. This was immediately after the publication of the IPCC Good
Practice Guidance with its methodologies for uncertainty analysis. Table 1.6-2 summarises the estimates over
time. The changes in the uncertainty estimates over time are due to improvements in the inventory
methodologies, changes in the share of different categories in the annual inventories and improvements in the
uncertainty analysis.

Both the level and trend uncertainty estimates of the total emissions without the LULUCF sector have remained
quite stable in the reporting during the past decade. The emissions in the LULUCF sector can fluctuate
significantly between years depending mostly on the changes in the amount of domestic commercial
roundwood fellings. This fluctuation produces variation over time to the uncertainty results of the total
inventory including the LULUCF sector.
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Table 1.6-2 Uncertainties analysed since inventory year 1999

Uncertainty estimates Method and documentation
year 1990 year t trend method source notes
7% 10 % Tier 1 Pipatti 2001  Preliminary analysis for 1999, based
entirely on expert judgement
5. 6% (6 £ 5)% Tier 2 Monni & Syri  Analysis for year 2001
2003 LULUCF not included.
6. +7% 5. 6% 8+5% Tier 2 Monni 2004  Analysis for years 1990 and 2002
LULUCF not included
4. +8% 6. +4% Tier 2 NIR 2005 Without LULUCF
-14 ... +15% -18 ... +23% With LULUCF
6 ... +13% 5. +6% 2 ...%25% Tier 2 NIR 2006 Without LULUCF
150% +30% -20 ... +130% With LULUCF
-7 ... +13% 4 ... +1% -14... +6% Tier 2 NIR 2007 Without LULUCF
+50% +50% 65 ... +45% With LULUCF
5% 6% Tier 1 NIR 2008 Without LULUCF
+29% +36% With LULUCF
+5% 6% Tier 1 NIR 2009 Without LULUCF
+22% +31% With LULUCF
+5% +6% Tier 1 NIR 2010 Without LULUCF
+40% +36% With LULUCF
5% 6% Tier 1 NIR 2011 Without LULUCF
+60% +39% With LULUCF
5% 6% Tier 1 NIR 2012 Without LULUCF
+24% +32% With LULUCF
4. t7% 5. +5% Tier 2 NIR 2013 Without LULUCF
25 ... +34% 25 ... +32% With LULUCF
S 7% 5. +5% Tier 2 NIR 2014 Without LULUCF
-33 ... +33% 22 ... +28% With LULUCF
4. t7% 6. 7% Approach 2 NIR 2015 Without LULUCF
26 ... +34% 23 ... +30% With LULUCF
3. +5% 5. +5% Approach 2 NIR 2016 Without LULUCF
29 ... +37% 23 ... +31% With LULUCF
4. +5% 3. +4% 3. +4% Approach 2 NIR 2017 Without LULUCF
23 ... +36% -36 ... +45% -19 ... +26% With LULUCF
4 ... +5% 3. 4% 4 ... +4% Approach 2 NIR 2018 Without LULUCF
23 ... +31% -36 ... +43% 21 ... +28% With LULUCF
4. +5% 3. +4% 4. +4% Approach 2 NIR 2019 Without LULUCF
25 ... +39% 28 ... +35% 21 ... +29% With LULUCF
4. +5% 3. +4% 4 ... +4% Approach 2 NIR 2020 Without LULUCF
25 ... +39% -18 ... +24% 24 ... +33% With LULUCF
5. 5% 3. t4% 4 .. +4% Approach 2 NIR 2021 Without LULUCF
25 ... +39% 31 ... +37% 24 ... +33% With LULUCF
5. 6% 3. 5% 3. +4% Approach 2 NIR 2022 Without LULUCF
24 ... +38% -36 ... +41% 21 ... +29% With LULUCF
4. +5% 3. 5% 3. 3% Approach 2 NIR 2023 Without LULUCF
20 ... +23% 27 ... +38% -34 ... +49% With LULUCF
4 ... +4% 3 ... +4% 3. +3% Approach 2 NID 2024 Without LULUCF
-18 ... +20% 23 ... +36% 28 ... +43% With LULUCF
-3 ... 4% 3. 5% 2...+3% Approach 2 NID 2025 Without LULUCF
14 ... +14% 21...+21% 25 ... +29% With LULUCF

April 2025



54

1.7 General assessment of completeness

1.7.1 Information on completeness

Finland has provided estimates for all significant IPCC source and sink categories according to the detailed
CRT classification. Estimates are provided for the following gases: CO», N>O, CH4, F gases (HFCs, PFCs, SFs
and NF3), NMVOC, NOy, CO and SO..

In accordance with the IPCC Guidelines, international aviation and marine bunker fuel emissions are not
included in national totals.

Assessment of completeness is included in Annex 5.

1.7.2 Completeness by geographical coverage

The geographical coverage of the inventory is complete. It includes emissions from the autonomic territory of
Aland. The emissions for the territory of Aland are not reported separately.

1.7.3 Completeness by timely coverage

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

1.7.4 Total aggregate emissions considered insignificant

Finland provides a list of sources in Table 1.7-1 for which estimates are not provided because they are assessed
as insignificant. The individual sources for which estimates have not been provided are estimated to have
emissions below the threshold of 0.05% of the national total emissions and the likely total aggregate estimate
of these sources is below 0.1% of the national total emissions.

Emissions/removals from dead organic matter (DOM) in grassland remaining grassland are also considered
insignificant. Quantitative estimates have not yet been made. DOM in grassland remaining grassland is likely
a small sink because the areas where trees exist are on their way to slowly becoming forested and thus the
biomass is increasing. The amount of tree biomass on grassland remaining grassland is however very small so
it is justified to say that the increase in DOM is insignificant.

Finland’s total emissions without LULUCF sector in 2023 were 41.1 Mt CO; eq.

April 2025



55

Table 1.7-1 Summary of insignificant sources

Greenhouse gas source and sink CO2 CHs4 N20 F gases Likely emission level  Notes
categories

Energy
Fugitive emissions from fuels- NE <0.02 kt See NID
Natural gas transmission, storage
and distribution

Industrial processes and product use

Use of NFs in production of C,NE < 0.1kt (2003) NF3 used only in 2003, See NID
semiconductors 4.6.21
Agriculture
Composting NO NE NE <-6kt COz2eq" See NID 5.3.2.2
Anaerobic digestion NO NE NO around 2 kt CO2 eq.!
LULUCF
Biomass burning, wildfires on NE NE NE around 0.9 kt CO2 eq. See NID 6.10.5.2
Wetlands
DOM on GL, WL and SE converted NE <04kt CO, See NID 6.5.2.2
to CL
DOM on CL, WL and SE converted NE <0.07 kt CO; See NID 6.6.2.2
to GL '
Waste
Open burning of waste by NE NE NE <0.1kt SeeNID 7.4
households
Direct emissions from nitrification and NE NE NE <5kt See NID 7.5.1

denitrification at wastewater plants

10 The estimates reflect the likely level of emissions from composting and anaerobic digestion and do not take into account

possible emission reductions/changes in other manure treatments or phases of manure management (due to this, the total
emissions from manure management could also be smaller than reported presently).

1.7.5 Description of insignificant categories

Energy: Fugitive CO; emissions from natural gas transmission, storage and distribution are insignificant;
according to Gasgrid Oy (one of Finnish natural gas providers), the composition of natural gas used in Finland
has only 0.5% by volume CO.

Industrial processes and products use: A small amount of NFs was used in semiconductor manufacturing by
one company in 2003. The use of NF; was tested by this company in 2003 but the results of the tests did not
lead to any further use of NFs. The amount of NF; used was very small and the resulting emissions are
considered insignificant. Therefore, the emissions of NF3 are reported as not estimated in Finland. The potential
use of NFs in Finland has been investigated and no other use, in addition to the reported use in 2003, has been
found.

Agriculture: Estimates of composted manure currently rely on the 2013 questionnaire (Grénroos, 2014), which
indicates that approximately 5% of all deep litter and solid manure is composted, primarily using passive
windrow composting. This implies a maximum decrease of 5 kt CO, equivalents in emissions for “N.O
manure” and a minor (-1 kt CO- eq.) reduction in methane emissions from manure. In Finland, manure used
in biogas production is mainly slurry, and the proportion of biogas manure in total manure is currently small.
It is estimated that the methane emissions from stored digestate could be around 2 kt CO»-eq. However, the
slurry processing in biogas plants would also likely have a small reducing effect on emissions from manure
management, as the default methane emission factor will be smaller (ranging from 0.01 to 0.12 depending on
plant quality) than the default for slurry (EF 0.21).
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LULUCEF: Biomass burning, wildfires on Wetlands: Applying Equation 2.8 in IPCC Wetlands Supplement
refined with expert judgements showed that the expected value for emissions from wildfires on Wetlands
(4(1V).D) was 0.9 kt CO- eqg. on average in 1996 to 2016 and can be considered insignificant and is reported
as ‘NE’. For wildfires on Land Converted to Wetlands there is no method available in the 2006 IPCC
Guidelines.

DOM on GL, WL and SE converted to CL: Grassland converted to Cropland consists mostly of abandoned
cropland that is taken back to cultivation. The carbon stock change is considered insignificant. Wetlands
converted to Cropland are mainly abandoned peat extraction areas where there is no dead organic matter. In
the rest of the conversion area the CSC is considered insignificant due to small area. For Settlements converted
to Cropland dead organic matter is not included in the soil, however the category is area-wise very small, and
the CSC is considered insignificant. The likely combined emission level for these insignificant categories is <
0.4 kt CO..

DOM on CL, WL and SE converted to GL: For organic soils the dead organic matter in Cropland converted
to Grassland is considered a small sink due to the stopping of tilling and increasing mean biomass. Wetlands
converted to Grassland are mainly abandoned peat extraction areas where there is no dead organic matter. In
the rest of the conversion area the CSC is considered insignificant due to small area. For Settlements converted
to Grasslands DOM is not included in soil. This category consists mostly of pulled down barns or other
outbuildings. The area is very small, and it is considered that no change in the surroundings occurs so this CSC
is also considered insignificant. The likely combined emission level for these insignificant categories is < 0.07
kt CO..

Waste: Open burning of waste by households is illegal in Finland, except for garden waste. The total amount
of emissions in this category, including those from open burning of garden waste and a marginal amount of
illegal burning, are estimated to be insignificant (< 0.1 kt CO- eq./a). Furthermore, advanced centralised
wastewater treatment plants with active nitrogen addition or removal cause direct emissions. These emissions
can be estimated using Equation 6.9 in the IPCC Guidelines, and they are found to be insignificant compared
to those from the effluent.

1.8 Metrics

The National Inventory Report of Finland has been prepared using the 100-year time-horizon global warming
potential (GWP) values from the IPCC Fifth Assessment Report (IPCC, 2013) as agreed in paragraph 37 of
the MPG (CMA, 2018).
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2 TRENDS IN EMISSIONS

2.1 Description of emission and removal trends for
aggregated greenhouse gas emissions and
removals

In 2023, Finland’s greenhouse gas emissions totalled 41.1 million tonnes of carbon dioxide equivalent (Mt

CO; eq.) without the LULUCF sector. The total emissions in 2023 were approximately 43% (30.7 Mt) below
the 1990 emissions level. Emissions in 2023 were 10% lower than in 2022, they decreased 4.6 Mt CO; eq.

Total emissions with the LULUCF sector were 53.1 Mt CO- eq. in 2023, it is over the 1990 emissions level
8%.

Figure 2.1-1 shows a time series of CO; equivalent emissions with and without the emissions and removals in

the LULUCF sector in Finland during 1990 to 2023. The total greenhouse gas emissions by gas as CO,
equivalence and indexed emissions in relation to the 1990 level are presented in Table 2.1-1.
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Figure 2.1-1 Total national CO, equivalent emissions with and without the emissions and removals in the
LULUCEF sector in Finland (Mt CO;eq.)
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Table 2.1-1 Total greenhouse gas emissions by gas in Mt CO; eq. and indexed for the years 1990 to 2022
(index 1990=100)

1990 1985 2000 2005 2010 2014 2016 2016 2017 2018 2019 2020 2021 2022 2023

CO. wih LULUGF M2 334 329 A5 400 283 301 3IF8 388 502 430 368 464 457 40
GOy, without LULUCF 571 583 571 572 o642 ATT7T 442 473 M7 458 425 378 379 b4 38
CH, with LULUCF 1062 1018 905 77 720 658 646 633 611 613 593 584 578 55 5
GH, without LULUGF 873 83F 736 618 593 548 539 530 510 514 49 489 484 464 448
N0 with LULUCF T46 708 FO5 72X 645 602 602 5% 598 598 611 600 609 573 544
N0 without LULUCF 594 546 525 541 427 420 42 447 417 415 427 416 422 388 405
HFCs 000 015 069 112 132 126 119 113 106 101 097 09 08 076 070
PFCs 0000 0002 0003 0004 0003 0004 0001 0001 0001 0002 0002 0001 0002 0002 0002
SFs 0054 0038 0027 0023 002 0036 0023 0032 0028 0025 0024 0026 0028 0028 009
NF; NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO
Total emissions

with LULUCF' 494 508 497 456 547 422 438 513 520 633 561 496 592 578 534
Total emissions’ 718 723 705 689 757 587 551 679 554 561 52T 478 478 457 414

1990 1985 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Index (19980=100)

O, wihout LULUGF' 100 102 100 1000 112 84 8 83 8 a0 4 66 66 64 36
CH, wihout LULUCF 100 9% &4 m 68 63 62 61 58 6] af i} 36 a3 91
No0 wihout LULUCF 100 92 88 bl 72 1 m (] 70 (] 72 7 1 65 68
Tetal (group of three) 100 100 a7 % 1M 80 73 [i:] 73 7 72 65 65 63 5%
Fgases 100 M7 1332 217 2478 2389 2242 2150 2014 1916 1832 1715 1589 1460 1342
Total

without LULUCF' w101 98 97 10§ 82 [ 81 [ 78 7 67 BT 64 57

! including indirect CO; emissions from NMVOG and CH, frem energy, indusinal processes and product use

The most important greenhouse gas in Finland is carbon dioxide. The share of CO emissions from the total
greenhouse gas emissions has varied from 78% to 85%. In absolute terms, CO, emissions have decreased by
25.2 Mt (i.e. 44%) since 1990. Around 87% of all CO; emissions in 2023 originated from the Energy sector.
The amount of energy-related CO, emissions has fluctuated much during the time series 1990 to 2023
according to economic trend, energy supply structure (including electricity imports and exports) and climate
conditions. Regarding the annual variations of total greenhouse gas emissions in the Finnish GHG inventory,
CO, emissions from public electricity and heat production are dominant, as shown in Figure 3.1-2. The year
2009 shows a deviations from the previous trend. In 2009, there was a recession in Finland and the value of
industrial output fell approximately one third from the previous year (Industrial output, 2010) resulting also
20% decline of emissions in manufacturing industries and construction. At the same time, the weather was
colder than in 2008 resulting higher emissions from public electricity and heat production. Since 2010, there
has been an overall declining emission trend in the Energy sector.

Methane emissions (CH) have decreased by 49% 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 32%; the biggest decline occurred
in 2009 when the implementation of a N2O abatement technology in nitric acid production reduced emissions
significantly. Another reason for the decrease of the emission is the reduced nitrogen fertilization of
agricultural fields.

The development of emissions of greenhouse gases (CO,, CHa, N2O and F gases) relative to the 1990 level is
presented in Figure 2.1-3.
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Figure 2.1-3 Relative development of CO,, CHa4, N2O and F gases without the LULUCEF sector in time series
relative to the 1990 level (1990=100)

The emissions of F gases increased nearly 25-fold during between 1990 and 2008. A key driver behind the
trend was the substitution of ozone depleting substances (ODS) by F gases in many applications. In 2010s, F
gas emissions started to decline due to reduced leakage rates and the replacement of high GWP HFC
refrigerants with alternative low-GWP non-HFC refrigerants in many applications (See also Annex 7).
Between 2022 and 2023, F gas emissions decreased by 8% being still 13-fold compared with the emissions in
1990. In Table 2.1-1, the development of emissions of F gases is presented by gas category and in Figure 2.1-4
by subcategory (Mt CO- eq.).
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2.2 Description of emission and removal trends by
sector and by gas

The Energy sector is the most significant source of greenhouse gas emissions in Finland and, therefore, the
key driver behind the trend. Energy related emissions vary much in Finland, mainly according to economic
trend, energy supply structure and climate conditions. Figure 2.2-1 and Table 2.2-1 provide an overview of the
development of the CO; equivalent emissions by IPCC source sector.

In 2023, emissions from the Energy sector totalled 28.5 Mt and were 46% (24.9 Mt CO; eq.) below the level
in 1990 and the emissions decreased by 13% since 2022.

Emissions of the Industrial processes and product sector use were 4.7 Mt in 2023 and were 10% lower than in
1990. Between 1993 and 2008, the sectors’ emissions increased to a level almost 40% higher than in 1990 but
decreased almost equally due to the economic downturn and technical abatement measures implemented in
2009 to reduce N2O emissions in nitric production.

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 until 2017, after which it has acted as a net source of
emissions. Most of the removals in the LULUCF sector have come from tree biomass; that is to say the tree
biomass growth in forest land has been higher than the removed biomass. The increment of the growing stock
has increased in Finland since 1990 until 2013 after which it has been slightly declining. Annual variations in
the total drain (consisted of roundwood removals, logging residues and natural losses) have been considerable.
In addition, the aggregated dead organic matter and soil organic matter pool in mineral soils has been a
significant sink, but the trend has been decreasing and turned to a net source in 2021. The largest emissions in
the LULUCF sector came from changes in soil organic carbon in organic forest and agricultural soils.

Indirect CO, emissions have decreased by 71% since 1990, the main reason being reduced use of solvent
chemicals in industry.

200 200
3

o 180 - - 180
S

S 160 + - 160
)

o 140 - 140
(o))

(o))

120 - 120
e

_5 100 - 100
<

o 80 - 80
c

= 60 - 60
c

(O]

g_ 40 - 40
o

Q 20 ~ - 20
[}

°c 94— 0

1990 1995 2000 2005 2010 2015 2020 2023
Agriculture Energy
Waste Industrial processes and product use

— — =Total (excl. LULUCF)

Figure 2.2-1 Relative development of greenhouse gas emissions by main category relative to the 1990 level
(1990=100)
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Table 2.2-1 Summary of emission trend by category (unit Mt CO- eq.)

IPCC sector 1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
1. Energy 534 553 837 537 602 442 407 434 40 420 390 344 342 329 285
A Fuel combustion total 533 bb1 536 636 601 441 405 433 408 419 389 343 341 328 284
1. Energy industries 190 240 221 221 309 209 178 191 175 186 162 131 134 129 101

134 122 119 113 100 71 6.7 6.8 6.6 6.8 6.6 6.3 6.4 59 5.1
2. Manufacturing industries and construction

3. Transport 121 13 121 129 127 108 109 121 "ns 17 13 105 100 98 94

4. Other sectors 78 6.3 6.0 5.7 52 43 42 44 43 4.0 40 38 36 34 3.1

5. Other 114 133 142 150 1214 09 09 0% 093 073 076 071 070 081 073

B Fugitive emissions from fuels 012 018 013 015 015 012 015 014 018 012 010 010 009 009 013

2. Industrial processes and product use 5.2 49 5.8 6.6 6.1 5.5 5.6 5.8 5.1 5.1 5.3 5.0 5.3 5.0 47

A. Mineral industry 122 087 108 118 147 103 097 108 114 106 097 095 102 094 076

B. Chemical industry 170 152 144 169 101 09 114 123 13 129 133 126 118 112 111

C. Metal industry 198 208 239 240 244 207 215 220 193 210 187 176 209 197 198

D. Non-energy Products from Fuels and 02 019 014 010 012 011 014 015 014 016 016 013 016 013 012
Solvent Use

F. Product Uses as Substitutes for ODS 000 015 070 1143 132 126 119 113 106 104 097 090 08 076 070

G. Other Product Manufacture and Use 010 008 006 005 004 004 003 004 004 004 004 004 005 004 005

H. Other Industrial Process and ProductUse 001 001 002 002 002 003 002 002 002 001 001 001 001 001 001
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IPCC sector 1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
3. Agrioulture 78 69 66 64 65 65 64 65 63 64 64 64 64 61 62
A, Enteric fermentafon 27 237 23 222 222 235 228 228 227 225 220 223 221 217 M
B. Manure management 091 088 087 089 0% 095 092 0% 08 097 087 088 091 083 080
D. Agricuural sols 352 318 307 2% 305 303 302 300 300 298 312 305 306 285 310
F. Field burning of agricubural residues 0004 0004 0004 0003 0002 0003 0003 0002 0003 0002 0003 0002 0000 0000 0000
G. Liming 064 041 035 029 028 024 016 02 019 020 019 020 020 02 013
H. Urea applicafion 0005 0001 0001 0001 0002 0002 0002 0003 0002 0001 0002 0002 0001 0006 0012
4, Land-use, land-use change and forestry 224 215 208 242 210 -85 113 67 31 72 33 18 114 121 120
A, Forest Land 287 252 258 348 315 255 203 -152 107 08 61 85 27 28 12
B. Cropland 550 573 750 754 768 746 749 799 782 8A5 854 852 820 851 845
C. Grassland 106 093 085 082 081 075 076 079 078 080 080 077 074 073 070
D. Wefands 176 188 1% 226 250 239 233 235 234 247 235 235 247 229 230
E. Seflements 087 105 129 181 166 149 131 120 147 120 114 108 095 095 082
G. Harvested Wood Producis 295 490 661 197 220 303 291 382 450 458 341 131 372 329 180
5. Waste 52 51 43 31 28 24 23 22 21 20 20 18 18 17 18
A. Soid Waste Disposal 48 48 3% 27 24 20 1% 18 17T 15 16 16 15 14 13
B. Biological Treaiment of Solid Waste 005 007 010 043 045 043 012 010 0N 0N 043 042 oM oM 009
D. Wastewater Treatment and Discharge 032 030 027 026 02 02 02 025 025 025 025 04 04 023 0B
6. Other NMA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Indirect CO.-emissions 016 013 011 009 007 006 006 006 006 005 005 007 006 005 005
NATIONAL TOTAL EMISSIONS
with LULUCF' 494 508 497 456 547 422 438 513 520 633 561 496 592 578 531
without LULUCE' 718 723 705 699 757 587 551 57.9 651 561 527 478 478 457 411

Vincluding indirect CO-emissions from NMVOG and CH, from fugiive emissions, industrial processes and product use
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2.2.1 Energy

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. The important drivers in the trend
of the Energy sector’s greenhouse emissions have been the changes in the level of net annual electricity
imports, fossil fuel-based condensing power in annual energy production, and the growth in the consumption
of renewable energy (Figure 2.2-2, Figure 2.2-3, Figure 2.2-5). The availability of hydropower in the Nordic
electricity market has influenced significantly to the electricity supply structure and hence the emissions from
fuel combustion during the time series. When the annual precipitation in the Nordic countries is lower than
usual, hydro power will become scarce and Finland’s net imports of electricity will decrease. In such years,
Finland has generated additional electricity using coal- and peat-fired power plants resulting in higher CO-
emissions in the corresponding years. During the recent years, the share of electricity generation with
conventional condensing power has declined as the wind power has grown (Figure 2.2-6). The ban on the use
of hard coal for energy production, which will enter into force in 2029, has beforehand affected the decrease
of coal consumption. In addition, the allowance price in the EU ETS has risen which speeds up the replacement
of fossil fuels with renewable energy.

Total energy consumption in Finland amounted to 1.32 million terajoules (TJ) in 2023. Total consumption
grew by 2% from the previous year. The use of renewable energy sources inreased by 3% but their share of
total consumption remained at 42%. The use of fossil fuels and peat decreased by 10% in total. Total electricity
consumption in Finland in 2023 amounted to 783.7 TWh, of which 98% was covered by domestic production
and 2% by net imports of electricity. The production of district heat increased by 1% in 2023 from the previous
year. Emissions from the energy use of fuels decreased by 14% being 27.4 Mt CO; eq. (Figure 2.2-2).

Significant changes took place on the Finland’s energy market in 2023. Olkiluoto 3 nuclear power plant was
in use for the first full year, investments in wind power production continued and solar power production grew
clearly.

In reaction to Russia’s large-scale attack on Ukraine, the European Union imposed various restrictions on trade
with Russia. The share of energy imported from Russia in total energy consumption was 7% in 2023, while it
had been 18 % in 2021 and 32% in 2022. Electricity, pipeline gas, hard coal and wood fuels were not imported
from Russia to Finland in 2023.

Domestic production of electricity grew by 13% from the previous year’s level and also the structure of
production changed. Electricity produced by burning fuels decreased by 22%, but nuclear power grew by 35%
from the previous year. The electricity produced with wind power grew by 25% from the previous year and
the corresponding increase for hydro power was 13%.

Final energy consumption decreased by 2%, broken down by sectors as follows: industry 44%, transport 16%,
heating of buildings 28% and other 13%.

In 2023, the Energy sector’s emissions were about 47% below the 1990 level and over half of the emission
level in 2003. At the end of 1990s total energy consumption increased but emissions changed very little. This
was due to increased use of wood fuels, nuclear energy and net imports of electricity which lowers the
condensing power production and thus emissions. Net imports of electricity declined in the beginning of the
2000s and the Energy sector emissions were at the highest in 2003. In 1990, the share of renewable energy in
total energy consumption was just 18%, after which it has grown steadily. In addition, the net import of
electricity has been at high level from 2012 on until 2021 (Figure 2.2-2 and Figure 2.2-3). The increased use
of renewable and nuclear energy compared to the situation in 1990 has replaced fossil fuels increasingly and
is the main reason for the decreased emissions despite the increase in energy consumption.
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Figure 2.2-2 Development of total energy consumption by energy source (PJ) and the Energy sector’s
greenhouse gas emissions (Mt CO; eq.) in Finland (GHG Inventory and Energy Statistics)
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Figure 2.2-3 Development of energy consumption, net imports of electricity, conventional condensing power
and the greenhouse gas emissions from electricity and heat production (Mt CO; eq.) in Finland in relation to
1990 (GHG Inventory and Energy Statistics)

The consumption of wood fuels decreased by 1% in 2023 from the 2022. Major share of wood fuels are derived
from the by-products of the forest industry, including black liquor derived from the pulp-making process and
bark, sawdust and other industrial wood residues. Also logging residues or other low-value biomass from
silvicultural and harvesting operations are used for energy generation. Wood fuels covered 28% of total energy
consumption and they were the most used energy source in Finland. (Figure 2.2-4)
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Figure 2.2-4 Development of energy consumption of wood fuels in Finland (Energy Statistics)

Energy industries

Energy industries (mainly electricity and district heat production) caused approximately 35% (10.1 Mt CO;
eq.) of the total emissions in the Energy sector in 2023. Emissions from the energy industries were 22% lower
in 2023 than in 2022 and 47% lower than in 1990.

In 2023, the production of electricity in Finland amounted to 78.3 TWh, which was 13% more than in the
year before. Domestic production of emission-free electricity grew significantly in 2023: production of wind
power increased by 25% and production of nuclear power by 35% when Olkiluoto 3 nuclear power plant was
in use the first whole year. The amount of electricity produced with hydro power increased by 13% and with
solar power by 83% from the previous year. However, solar power only accounted for 1% of the total electricity
production. Increased electricity production reduced net imports of electricity and only covered 2% of total
electricity consumption. Fossil-free electricity production, that is, renewable energy sources and nuclear
energy covered 94% of electricity production in 2023. Electricity produced with fossil fuels and peat decreased
40% from the year before (Figure 2.2-6) (Production of electricity and heat, Statistics Finland).

The production of district heat totalled 38.5 TWh in 2023, being 1% higher than in the previous year. Both
2022 and 2023 were warmer than usual. However, the autumn of 2023 was colder than the previous year,
which increased the use of district heat. The use of fossil fuels and peat in the production of district heat
decreased by 21% since 2022. The use of hard coal decreased by 45%, peat by 14% and oil by 55%. The use
of natural gas increased by 93% from the previous year. In 2022, some of the natural gas usage was replaced
by oil. In 2023, this change was reverted, and natural gas was used again. The use of renewable fuels in the
production of district heat increased by 7% from the year before. 30% of district heat was produced with fossil
fuels and peat, and 52% with renewable fuels. Most of district heat was produced with wood fuels (47%). The
production of district heating from burning fuels has decreased, while the use of alternative production methods
has increased. In 2023, these alternative methods accounted for 18% of district heating. These methods include
heat recovery with a flue gas scrubber, heat pumps, and electric boilers. The production of district heating from
burning fuels decreased by 1.6 TWh compared to the previous year.
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Manufacturing industries and construction

Manufacturing industries and construction produce much energy for their own use. Their share of energy-
related emissions was around 18% in 2023 (5.1 Mt CO; eq.). Emissions from manufacturing industries and
construction have declined by 62% since 1990. The main reasons for this trend are the increased use of biofuels
in the forest industry and the outsourcing of power plants from industry to the Energy sector. The fuel switch
from fossil to biomass can be seen clearly in pulp and paper industry (1.A.2.d) as well as in electricity and heat
production (1.A.1.a) (Figure 2.2-7).

In 2023, energy use in manufacturing decreased by 2%, being 126.0 TWh. The volume of electricity
purchased by manufacturing decreased by 3%. Natural gas consumption decreased by 13%. The use of peat
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dropped by 17% compared to 2022. The consumption of oil decreased by 3%, while coal usage increased by
3%, partly due to the relatively stable output of the metal industry. The consumption of wood fuels remained
the same and its share was 41% of all energy consumption (Energy use in manufacturing, Statistics Finland).

The production of industrial heat was 44.9 TWh in 2023. Production declined by 5% compared to the
previous year. This was impacted by a significant decline in demand for forest industry products, driven by
general uncertainty caused by inflation, rising interest rates, and high stock levels. Additionally, the
construction industry faced challenges that further contributed to the gloomy outlook for the industry. 54% of
heat produced for the needs of manufacturing came from black liquor. In all, 81% of the production of
industrial heat was based on renewable fuels. One of the largest users of industrial heat is the forest industry,
which uses its own fuels such as black liquor and other wood fuels in its production. In the chemical, forest
and metal industries, part of the use of heat is considered as direct fuel use in the statistics and is thus not
visible in the production figures on industrial heat (Production of electricity and heat, Statistics Finland).

In the greenhouse gas inventory in Finland, the fuels used in the industry are allocated to CRT categories
regardless of if they are used directly or for the production of electricity or heat. The changes in the
consumption of different fuel groups are presented by subcategories (1.A.1.a Public electricity and heat
production, 1.A.2 Manufacturing industries and construction, 1.A.2.d Pulp and paper) from 1990 to 2022 in
Figure 2.2-7 below.
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Figure 2.2-7 Fuel combustion in sectors 1.A.1.a, 1.A.2 and 1.A.2.d

Transport

In 2023 the use of energy in transport decreased by 2% in 2023. The share of domestic transport was 16% of
final energy consumption. Energy consumption in road transport fell to its lowest level in over 20 years. The
consumption of diesel declined by 5%, but petrol increased by 1%. These total volumes of transport fuels
include the shares of liquid biofuels. (Energy supply and consumption, Statistics Finland)

The share of transport of energy-related emissions was 33% in 2023. Emissions from transport decreased by
4% from 2022 mainly due to a decrease in road transport kilometres. Liquid biofuels accounted for 16% of all
energy sources in road transport. From around 2013, the bioshare in diesel oil has varied annually, causing
fluctuations in the annual emissions. Finland’s biofuel legislation allows the distributors to fulfil the bio-
obligation flexibly in advance.

At the beginning of the time series, the magnitude of the growth of emissions in road transport was smaller in
Finland than in many other Annex | countries, mainly due to the effect that the economic recession in the early
1990s had on transport (see Section 3.2.5).

Commercial and residential sectors

Energy consumption in households fell by over 1 TWh in 2023 from the previous year, being 63 TWh. This
was despite the fact that in 2023 the heating demand was higher than in 2022. About two thirds of the energy
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used in housing is used for heating residential premises (Energy consumption in households, Statistics
Finland).

Emissions from the residential sector have decreased by 82% and from the commercial sectors by 54%
compared with the 1990 levels. The decrease is mainly due to substitution of direct oil heating with district
heating and electricity.

2.2.2 Industrial processes and product use

Emissions from the Industrial processes and product use sector have decreased by 10% (0.5 Mt CO; eq.) since
1990. 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 reaching the 1990 level in
1996. The increase of emissions continued until 2009, when emissions decreased fast due to the economic
downturn as the demand for industrial products decreased. The implementation of N,O abatement technology
happened at the same time, which is why the emissions stayed at lower level even when the production started
to grow after the recession in 2010. In the 2010s, emissions from the Industrial processes and product use
sector decreased slowly towards the level of 1990.

CO, emissions have increased by 5% from 1990 to 2023, reasons are increased production of hydrogen and
increased use of limestone and dolomite. Main part of methane emissions is from ethylene production (fugitive
emissions) and these emissions have decreased by 42% since 1990. Nitrous oxide emissions have fluctuated
during the period 1990 to 2023 first a fast decrease due to the closing of a nitric acid production plant and after
that a slow increase of emissions, the second fast decrease that started in 2009 originated from the
implementation of a new N2O abatement technology in nitric acid production and the decreased demand of
fertilizers. Since 1990, nitrous oxide emissions have decreased by 1.3 Mt CO; eq. (91%).

The emissions of F gases increased 25-fold between 1990 and 2008. A key driver behind the trend has been
the substitution of ozone depleting substances (ODS) by F gases in many applications. During 2010s, F gas
emissions started to decline due to reduced leakage rates and the replacement of high GWP HFC refrigerants
with alternative low-GWP non-HFC refrigerants in many applications (See also Annex 7). Between 2022 and
2023, F gas emissions decreased by 8%. The decrease in emissions resulted mainly from decreased emissions
from commercial refrigeration.
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Figure 2.2-8 Relative development of greenhouse gas emissions by gases in the Industrial processes and
product use sector relative to the 1990 level (1990=100)
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2.2.3 Agriculture

Agricultural emissions decreased by 21% (1.6 Mt CO» eq.) over the period 1990 to 2023. Total agricultural
emissions have been quite steady since the beginning of the 21% century (yearly variation from 6.1 to 6.6 Mt
CO; eq.) and were about 2% higher in 2023 than in 2022. The main driver behind the decreasing trend since
1990 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 a major part of the emissions from enteric
fermentation in Finland, thus the 40% decrease in the number of cattle since 1990 has influenced 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 cause considerably more methane emissions compared with solid storage
or pasture. Nitrous oxide emissions from manure management are smaller in slurry systems than in solid
storage systems, which have had an impact on the decreasing trend in N,O emissions.
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Figure 2.2-9 Relative development of greenhouse gas emissions by main sources in the Agriculture sector
relative to the 1990 level (1990=100)

The most important sources of N,O emissions in the agricultural sector are agricultural soils. Nitrous oxide
emissions from agricultural soils have decreased by 12% compared with the 1990 level. The main reasons for
the decreasing trend are the reduction in animal numbers, which affects the amount of nitrogen excreted
annually to soils and the reduced use of inorganic fertilizers. Also, the reduced use of lime has significantly
reduced the CO, emissions from liming. The N.O emissions from cultivated organic soils have increased as a
result of the increased area of these soils.

2.2.4 LULUCF

The determining factor of the annual net removals or emissions of the LULUCF sector is the net balance in
Forest Land category. The most important components of the forest net balance are the increment of growing
stock and the harvest removals. The annual increment of growing stock was 77.7 million m?, based on the 8
National Forest Inventory (NFI) (measured 1986 to 1994), 107.8 million m® based on the NFI12 (2014 to 2018)
and 103.0 million m® based on NFI13 (2019 to 2023). The rapid increase in increment in the 1980s and 1990s
has leveled out and the increment has decreased according to the last inventory measurements. In the NFI
based increments, there is less fluctuation between years contrary to the harvest rates. The economic situation
and the international market of forest industry products have brought about the amount of domestic commercial
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roundwood removals and caused the inter-annual fluctuation in the sink. The global economic downturn had
a considerable negative effect on the demand for forest-based industry products in 2009. In 2013, a slight
economic upturn increased the demand of wood and forest industry products. From 2014 to 2018, the drain
had an increasing trend. In 2018, the total drain reached their highest level ever, 93.1 million m?, and has
remained at a high level compared to historical time series. In 2023, the drain reached 86.8 million m2,
Emissions from organic soils have increased considerably in recent years while the carbon sink of mineral
soils has decreased, turning into a source of emissions. Emissions from other land-use categories have been
more stable. Emissions from drained organic soils have a slight increasing trend in croplands. On wetlands,
the emissions from drained organic soils had an increasing trend until 2006, after which they have levelled off.
The net sink of harvested wood products (HWP) decreased by 51% from 2022 to 2023 mainly due to decreased
production of all HWP products (sawn wood, wood-based panels and wood pulp).
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Figure 2.2-10 Relative development of greenhouse gas emissions by main sources in the LULUCF sector,
categorized by land use and harvested wood products, relative to the 1990 level (1990=0%)

2.2.5 Waste

Emissions from the Waste sector have declined quite constantly since 1990. The decrease of 68% (3.6 Mt CO,
eg.) since 1990 has mainly been due to the implementation of the new Waste Act in Finland in 1994. In 2023,
the emissions from waste were 5% lower than in 2022. At the beginning of the 1990s, around 80% of the
generated municipal waste was taken to solid waste disposal sites (landfills). After the implementation of the
new Waste Act, minimisation of waste generation, recycling and reuse of waste material and alternative
treatment methods to landfills have been endorsed and only minimal amounts of organic waste are landfilled
presently. While the emissions from solid waste disposal on land have decreased, the emissions from biological
treatment of waste have increased. The increase of waste incineration has decreased the emissions from
landfills from 2008 onwards. The implementation of landfill gas recovery has also reduced the emissions from
landfills significantly. 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.
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3 ENERGY (CRT 1)

3.1 Overview of the sector

3.1.1 Description

The following technical challenges of the ETF inventory tool have been identified:
- the notation key explanations and information from documentation boxes are missing from CRT tables but included
as a separate attachment to the NID, Annex 8.

- Notation key C prevents the aggregation in parent cells resulting in incorrect emission figures. Therefore, notation
key IE is used instead of C for confidential data in subcategory 1.A.5b and 1.A.3e.

The Energy sector is the main source of greenhouse gas emissions in Finland. In 2023, the sector contributed 69%
to total national emissions, totalling 28.5 million tonnes of carbon dioxide equivalent (Mt CO; eq., Figure 3.1-1).
Most of the emissions originate from fuel combustion which reflects 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 35%

Manufacturing industries
and construction 18%

Energy 69%
Transport 33%

Heating of buildings, other fuel
use in agriculture, forestry and
fishing 11%

Fugitive emissions from fuels 0.4%

Other fuel use 3%

Figure 3.1-1 Emissions from the Energy sector compared with total emissions in 2023. Due to independent
rounding, the sums do not add up

Emissions from the Energy sector are divided into three main categories: emissions from fossil fuel combustion
(CRT 1.A), fugitive emissions from fuels (CRT 1.B) and CO; transport and storage (CRT 1.C). In the Finnish
inventory, emissions from fuel combustion include direct greenhouse gases (CO, CHa, N2O) and emissions of
NOx, CO, NMVOCs and SO, which need to be reported in the greenhouse gas inventory. The emissions of all
mentioned gases are calculated within the same system. Point sources, transport and other fuel combustion are
included. Fugitive emissions from fuels in Finland consist of CH4 and NMVOCs emissions from oil refining and
storage. CO2, CH4 and N»O emissions from flaring at oil refineries and the petrochemical industry are included as
well, as are CH. emissions from natural gas transmission and distribution. Indirect CO, emissions from
evaporative NMVOC and CH4 emissions in the Energy sector are included in the total greenhouse gas emissions
but not included in the Energy sector emissions (See Chapter 9). A general assessment of completeness can be
found in Section 1.7 and a more detailed assessment is included in Annex 5.

Consistent with the UNFCCC guidelines, emissions from the Energy sector are divided into subcategories

presented in Table 3.1-1. This table also includes methods and type of emission factors used in the Finnish
inventory.
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Table 3.1-1 Reported emissions, calculation methods and type of emission factors for the Energy sector in the
Finnish inventory in 2023 (CS = country-specific, CR = Corinair, D= default, PS= plant-specific, OTH= other)

CRT Source Emissions  Method Emission
reported factor
1.A Fuel combustion activities
1.A1 Energy industries CO2 Tier 3 CS,D, PS
CH4 Tier 3 CS
N20 Tier 3 CS
1.A2 Manufacturing industries and construction  CO: Tier 3 CS, PS
(stationary sources) CH4 Tier 3 CS
N20 Tier 3 CS
1.A2 Manufacturing industries and construction CO: Tier 3 CS
(mobile sources) CH4 Tier 3 CR
N20 Tier 3 CR,D
1.A3 Transport (6107) Tier 2, Tier 1* CS
CH4 Tier 3, Tier 1 CR,CS,D, OTH
N20 Tier 3, Tier 1 CR, CS,D, OTH
1.A4 Other sectors (stationary sources) CO2 Tier 3, Tier 2, Tier 1 Cs,D
CHq Tier 3, Tier 2, Tier 1 CS,D
N20 Tier 3, Tier 2, Tier 1 CS,D
1.A4 Other sectors (mobile sources) CO2 Tier 3, Tier 2 CS
CH4 Tier 3, Tier 1 CR, OTH
N20 Tier 3, Tier 1 CR,OTH,D
1.A5 Other CO2 Tier 2 CS
CHq Tier 2 CS
N20 Tier 2 CS
1.B Fugitive emissions from fuels
1.B.1 Solid fuels NA NA NA
1.B.2 Oil and natural gas and other emissions CO: CS CS
from energy production CH4 Tier 1, Tier 2, CS CS,PS,D
N20 CS CS
1.C CO: transport and storage
1.C.1 Transport of CO2 CO; IE** NA

* Combination Tier 1 and country-specific emission factor refers to piston-engined aircrafts, see Section 3.2.5.3.
** CO2 emissions are calculated from the amount of PCC produced from captured CO.. Therefore, no losses during the

capture, transfer and production are reported separately.
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3.1.2 Quantitative overview

Energy-related emissions vary much from year to year (Table 3.1-2, Figure 3.1-2) mainly following the economic
trend, the structure of the energy supply and climatic conditions. Compared with 1990, the emissions in the Energy
sector in 2023 were about 47% lower. The main contributors to the descent are lower emissions in the
manufacturing industries and construction with a 62% reduction (8.3 Mt CO; eq.), energy industry with 47%
reduction (8.9 Mt CO; eq.) and household, services etc. with a 61% reduction (4.7 Mt CO- eq.) in emissions
relative to 1990. It should be noted that part of the emission reduction in manufacturing industries and construction
is related to reallocation of some autoproducer power plants to the energy industry due to outsourcing of these
power plants. In 2023, emissions from transport were 22% (2.6 Mt CO- eq.) lower compared to 1990. During the
time series, the emissions from these source categories have been fluctuating. In 2023, emissions in the Energy
sector decreased 13% since the year before. The trends are discussed in more detail in Chapter 2 and the category-
specific sections in this Chapter.

Table 3.1-2 Emissions from the Energy sector by subcategory and gas (Mt CO- eq.)

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Total energy 53.4 553 537 537 602 442 407 434 4.0 420 39.0 344 342 329 285
Fuel combustion 533 661 636 536 601 441 405 433 408 419 389 343 341 328 284
CO, 5265 642 527 527 591 433 398 424 400 410 380 336 333 320 277
CH, 03 033 03 032 03 031 020 031 031 031 030 026 029 027 026
N,O 048 052 053 053 058 050 048 051 050 053 052 046 050 048 044
Fugitive emissions from fuels 012 018 013 015 015 012 015 014 018 012 0410 010 009 0.090 013
CO, 011 007 006 007 010 008 011 010 015 009 007 008 007 006 009
CH, 001 010 007 008 005 004 004 004 003 003 003 002 002 003 004
N,O 0.0011 0.0007 0.0006 0.0007 0.0009 0.0008 0.0011 0.0010 0.0014 0.0009 0.0006 0.0007 0.0007 0.0007 0.0009

Table 3.1-3 Emissions from fuel combustion and fugitive emissions from fuels in Finland (Mt COzeq.)

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Total energy 534 553 537 537 602 442 407 434 410 420 390 344 342 329 285
Fuel combustion 533 551 536 536 601 441 405 433 408 419 389 343 341 328 284
Energy industries 190 240 224 221 309 209 178 191 175 186 162 131 134 129 101

Manufgcturing industries and 3 ) 4159 449 143 100 74 67 68 66 68 66 63 64 59 54

construcion
Transport 121 113 121 129 127 108 109 121 M5 M7 13 105 100 9.8 94
Other sectors 7.8 6.3 6.0 57 52 43 42 44 43 40 4.0 38 36 34 31
Other 1.1 1.3 14 15 1.2 1.0 1.0 0.9 0.9 0.7 0.8 0.7 0.7 0.8 0.7
Fugitive emissions from fuels 012 018 013 015 045 0142 015 014 048 012 010 010 0.09 0.09 013
Qil refining 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001
Natural gas 0.006 010 006 007 004 003 003 003 002 002 002 002 002 002 003
Flaring 011 008 006 007 010 008 011 011 015 009 007 008 007 007 009
Town gas 0002 NO NO NO NO NO NO NO NO NO NO NO NO NO NO
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Figure 3.1-3 Consumption by fuel types (PJ)

3.1.2.1 Emissions from fuel combustion (CRT 1.A)

Total emissions from fuel combustion amounted 28.4 Mt CO- eg. in 2023 and were 13% less than the previous
year. Emissions from fuel combustion are now 59% lower than the 2003 record level and 47% below the 1990
level.

CO; emissions from fossil fuel combustion (27.7 Mt) accounted for 97% of the Energy sector’s total emissions
and for 67% of total greenhouse gas emissions in 2023.
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The share of N2O emissions of the Energy sector’s total emissions in 2023 was 1.6%. N>O emissions come mainly
from fluidised bed combustion and transport. The share of CH4emissions is 0.9% respectively. CH, emissions are
mainly due to the incomplete combustion of wood fuels (small-scale combustion).

Fuel combustion by fuel (PJ) and related CO,, CHs and N2O emissions for total time series are given in
Appendix_3b at the end of the Chapter 3.

3.1.2.2 Fugitive emissions from fuels (CRT 1.B)

Fugitive emissions from fuels comprise only about 0.3% of total greenhouse gas emissions in Finland. Emissions
totalled 0.13 Mt in 2023 and 0.12 Mt in 1990. These emissions have increased by 1% from the 1990 level and
37% from the previous year and have fluctuated somewhat during the time-series. (Table 3.1-3 and Figure 3.1-4).

The growth in the emission level in 2017 was partly due to the opening of two LNG terminals (late 2016 and
2017) and partly to unexpected disturbances in the start-up of a petrochemical plant after a maintenance shutdown.
Some disturbances in oil refineries and the petrochemical industry in the beginning of the time-series caused
higher than normal flaring emissions. After the beginning of 2000 flaring emissions started an increasing trend up
to 2017.

Emissions from natural gas transmission vary depending on operation, maintenance and extension works; part of
the emissions from gas transmission are caused by the normal running of older compressor stations in the
transmission network, another source of emissions is the exhaustion of pipelines during maintenance breaks and
extension work.

In October 2023 there was an offshore pipeline damage in Balticconnector gas pipeline between Finland and
Estonia. Reason for this pipeline damage has been trying to examine, Finnish investigators found an anchor from
near the damaged pipeline and it appeared to have caused the damage (https://yle.fi/a/74-20057930). Finnish
natural gas transmission network company (Gasgrid Finland, 2024) reported in its annual report that damage in
the gas pipe occurred in the Finnish economic zone, but outside the Finnish territorial waters. The total emission
was 467.7 t CH4 (0.013 Mt CO- eq.)

Natural gas distribution in the Helsinki area network started gradually in 1991. The previously distributed town
gas included only 1% CHo., and these almost negligible emissions are included in the inventory. Emissions from
natural gas distribution were at their highest in 1994 and have declined 89% since. The amount of emissions from
distribution depends on the amount of exhaustion of natural gas from distribution pipelines. Exhaustions are done
during the maintenance and extension works. These emissions have decreased due to better maintenance and
renewal of pipelines.
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3.1.3 Key categories

The key categories in Energy are summarised in (Table 3.1-4).

Table 3.1-4 Key categories in the Energy sector in 1990 and 2023 (Approach 1 and Approach 2)

IPCC category Gas Identification Method
criteria
1.A.1 Energy industries — Liquid fuels CO2 LT Tier 3
1.A.1 Energy industries — Solid fuels CO2 LT Tier 3
1.A.1 Energy industries — Gaseous fuels CO2 LT Tier 3
1.A.1 Energy industries — Other fossil CO2 LT Tier 3
1.A.1 Energy industries — Peat CO2 LT Tier 3
1.A.1 Energy industries — Biomass N20 LT Tier 3
1.A.2 Manufacturing industries and construction — Liquid fuels CO2 LT Tier 3
1.A.2 Manufacturing industries and construction — Solid fuels CO2 LT Tier 3
1.A.2 Manufacturing industries and construction — Gaseous fuels ~ CO2 LT Tier 3
1.A.2 Manufacturing industries and construction — Other fossil CO2 LT Tier 3
1.A.2 Manufacturing industries and construction — Peat CO2 LT Tier 3
1.A.3.a Domestic aviation - Liquid CO2 T Tier 2, Tier 1*
1.A.3.b Road transportation — Diesel oil (6107) LT Tier 2
1.A.3.b Road transportation — Diesel oil N20 LT Tier 3
1.A.3.b Road transportation — Motor gasoline (6107) LT Tier 2
1.A.3.b Road transportation — Motor gasoline CH4 T Tier 3
1.A.3.b Road transportation — Motor gasoline N20 T Tier 3
1.A.3.d Domestic navigation — Liquid fuels CO2 LT Tier 2
1.A.4 Other sectors — Liquid fuels (6107) LT Tier 3, Tier 2, Tier 1**
1.A.4 Other sectors — Peat (6107) T Tier 2
1.A.4 Other sectors — Biomass CH4 LT Tier 3, Tier 2, Tier 1***
1.A.4 Other sectors — Biomass N20 LT Tier 3, Tier 2, Tier 1***
1.A.4 Other sectors — Gaseous CO2 T Tier 2
1.A.5 Other (not specified elsewhere) — Liquid fuels (6107) LT Tier 2
1.B.2 Qil and Natural gas and other emissions from energy production CO2 L CS
1.B.2 Oil and Natural gas and other emissions from energy production CHa T CS

* Tier 1 for Aviation gasoline (piston-engined aircrafts, see Section 3.2.5.3.) which covers 1% of CO2 emissions from 1.A.3.a Liquid fuels in 2023.
** Tier 1 for 1.A.4.c.i which covers 9% of CO, emissions from 1.A.4 — Liquid fuels in 2023.
“** Tier 1 for 1.A.4.c.iii which covers 0.003% and 0.09% of CH+ and N20 emissions respectively from 1.A.4 — Biomass in 2023.

3.1.4 Description of the ILMARI calculation system

Calculation of emissions from fuel combustion are principally made with the ILMARI system developed in
Statistics Finland. Emissions from mobile sources are mainly calculated with separate models, but aggregate
results are included in the ILMARI system. The current version of the ILMARI calculation system was developed
in 2002 and has been continuously improved since then. In addition, the calculation results of separate subsystems,
which calculate fugitive emissions and emissions from the Industrial processes and product use sector (excl. F
gases), are imported to the ILMARI system before compiling the CRT tables.

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 3 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 YLVA data, see Section 1.3 and
Annex 6) makes it possible to take into account changes in the technology of combustion processes.

ILMARI combines three main types of activity source data of fuel combustion activities:
1. Detailed bottom-up data for point sources (around 2 500 boilers, 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)
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The ILMARI calculation system has been used for national emission estimations of CO,, SO, NO, CO, CHy,
N2O, NMVOC and PM (particulate matter) emissions of fuel combustion from 1990, except for 1991. The CRT
tables for 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.

For point sources, ILMARI includes in addition to identification data (plant owner, name, location etc.) also
technical data on the combustion processes, such as type of power plant, capacity, combustion technique, emission
reduction technology, etc. In Finland, it is typical to use power plants fired by a combination of fuels in which the
fuel mix varies according to the changes in the availability of fuels as well as their prices and taxes and to the
price of CO; in the European Union Emissions Trading System. This causes annually changes in the fuel mix,
emission estimates and implied emission factors for different types of plants. All these changes cannot be reported
individually in the NID due to the number of boilers and fuels used (see also in Section 3.2.4.2 factors affecting
implied emission factors).

The input data for ILMARI come from various databases, models and other information sources. The data sources
of the ILMARI calculation system are presented in Figure 3.1-5 and the production process of ILMARI and CRT
1 data tables is described in Table 3.1-6.

In the production process, the data of point sources are firstly taken to ILMARI for checking and corrections (see
also 3.2.4.4). Thereafter, the data from the transport models and heating energy model are imported and the
statistical corrections of fuel consumption and non-specified consumption of fuels and are taken into account. The
total fuel consumption figures are compared with the total figures taken from the Energy statistics. If this
verification check reveals significant differences, the reasons will be studied and possible corrections made to
either the Energy statistics data or the GHG inventory data, depending on the case. Generally, differences causing
more than 50 kt of CO, will be checked immediately, smaller differences will be left to next submission, but this
depends also on time available before submission date. Energy statistics and GHG inventory are prepared in the
same unit in Statistics Finland, which enables fluent co-operation. In the draft EU submission on 15 January
energy statistics data used for the inventory are preliminary and more updated data are available for the final EU
submission on 15 March. Therefore, updates between draft and final submissions are often performed in the
Finnish inventory. The more detailed QA/QC procedures of the subsectors of the Energy sector are described in
the corresponding chapters.

The calculation systems of mobile sources (LIPASTO) are described in detail in Section 3.2.5 Transport. Most of
the emission calculation of domestic transport and non-road machinery are done in the LIPASTO model of VTT
Technical Research Centre of Finland Ltd. Statistics Finland calculates emissions of civil aviation based on
information received from Eurocontrol. Statistics Finland aggregates the transport data received from VTT to be
used in ILMARI, following appropriate CRT categories, see Table 3.1-5. So far vehicle type data of road
transportation in the current ILMARI system is aggregated due to the procedure for handling comparisons to
Energy Statistics. Therefore, emissions and activity data from categories 1.A.3.b.ii, 1.A.3.b.iii and 1.A.3.b.iv are
included in category 1.A.3b.i.

Table 3.1-5 The differences between LIPASTO reporting and greenhouse gas inventory

LIPASTO submodel GHG inventory
LIISA (road transport) 1.A.3b.i—iv Road transport
- data reported by vehicle types - Data taken from LIISA reported by fuel categories (vehicle
types aggregated)

- Emissions from categories 1.A.3.b.ii, 1.A.3.b.iii and
1.A.3.b.iv are included in category 1.A.3.b.i.
- Both fossil and biogenic fuels
RAILI (railways) 1.A.3c Railways
- includes exhaust gas emissions and energy consumption - fuels and emissions from fuels taken from RAILI
caused by railway transport

MEERI (navigation) 1.A.3d Navigation
- includes split to domestic navigation and foreign shipping - Domestic navigation taken from MEERI
traffic - Bunkers are calculated separately (different definition)
- breakdown by type of fleet/activity - Breakdown by fuel type
- includes fishing, reported separately - Fishing reported in 1.A.4c.iii
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LIPASTO submodel

GHG inventory

TYKO (non-road working machinery)
- breakdown by machine type and fuel type (over 50
combinations)

Breakdown by following Off-road vehicles and other machinery
categories (and fuel types) aggregated from TYKO:

- 1.A.2.g.vii Manufacturing industry and construction

- 1.A.4.a.ii Commercial/institutional

- 1.A4.b.ii Residential

- 1.A4.c.ii Agriculture/forestry/ fisheries

Table 3.1-6 Production process of ILMARI and CRT 1.A data tables

Production of CRT data tables for Energy sector

1. YLVA data input to ILMARI

Checks, corrections

New data for plants

Comparison

2. EU ETS data input to ILMARI
3. LIPASTO and aviation data input to ILMARI

4. Energy Statistics data input to ILMARI
5. Comparison to Energy Statistics and EU ETS data

6. Fugitive emissions input to ILMARI

7. Industrial processes and product use (excl. F gases) data input
to ILMARI
8. Final annual data sheet

(output to ILMARI, stored in SAS time series database)

9. CRT query from SAS database
(output to excel sheets)
10. CRT time series in excel sheets

11. QA/QC checks

Comparisons between ILMARI and CRT data
Comparison of the results to previous submission

Visual IEF checks

Point source data input from database

Missing data (plants, fuels, emissions)

Erroneous data

Order of magnitude errors

Quantity units

Fuel codes

Technical data

Classifications

New emission factors

Totals by plants

Previous years’ data

Other plant level data

Companies’ environmental reports

Point source data input for comparison and supplementation of
YLVA data

Manual input of transport and off-road vehicle and other machinery
data

Manual input of heating fuels data and other fuel consumption data
Totals and plant level data by fuel

Manual input from subsystem in which fugitive emissions are
calculated

Manual input from subsystem in which emissions from industrial
processes and product use (excl. F gases) are calculated

2 000 plants + 50 sectoral sources

identification data, classifications, technical data, fuels, emission
factors etc.

SAS database functions

Manual cut and paste or linking to ETF GHG Inventory Tool excel
import sheets
SAS and manual checks to detect data transfer or other errors
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Main data inputs of ILMARI

Point Sources
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road transport . .
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railways Tran S
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ILMI data -

[domestic + international)
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Figure 3.1-5 Data sources of the ILMARI calculation system.
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3.2 Fuel combustion (CRT 1.A)

3.2.1 Comparison of the sectoral approach with the reference
approach

The reference approach (RA) is carried out using import, export, production and stock change data from the energy
balance (EB) sheet published in the Energy Statistics. However, the RA table requires liquid fuels reported at a
more disaggregated level than in the EB sheet. These disaggregated data are taken from the background data files
of the EB and for 1990 to 1994 from the published foreign trade statistics (National Board of Customs, 1990 to
1994). Another difference is that in the EB sheet, stock changes and statistical differences are combined for certain
fuels, whereas in the RA table, only the stock changes are reported. Stock change data are not available as
complete time series for each fuel separately. Therefore, certain stock change figures have been estimated using
other available data.

Comparison of annual RA and SA data brings out uncertainties, which are not present in the SA, for example,
errors in import/export and stock change data, different aggregation practises and, especially, treatment of
statistical differences. Therefore, we have more confidence in the SA data than in the RA data.
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Figure 3.2-1 Carbon dioxide emissions of the Reference and Sectoral Approach in Finland

The difference between the CO; emissions in RA and SA was 1.1% for 2023 and 0.3% for 1990 (Figure 3.2-1).
In 2023 difference in liquid fuels is -0.1%, in gaseous fuels is 0.7%, in peat 0.3% and in other fossil fuels there is
no difference.

For the discrepancy in solid fuels (6.7% in 2023) there are some uncertainties related to stock change and
feedstock data because the information received from companies is not completely suitable for the reference
approach calculation and reporting. Meanwhile, the information for the sectoral approach is highly reliable
because the point source data (fuel combusted in facilities) are checked annually from at least three independent
data sources for each facility. Therefore, the fuel combustion data for the sectoral approach are the best available
data and that the emissions are not under- or overestimated.

The reasons behind the highest differences during the time series between the RA and SA are explained in below.

The largest difference occurs in 2021 (-6.9%) and 2022 (-6.7%). The difference is related to liquid fuels and
reporting of bioshares in IEA reportings and their inclusion in RA calculations (see also Annex 7). Since the end
of 2010s challenges for the RA-SA comparison have emerged, when more biocomponents have been included in
transport fuels. It is not always clear, whether these biocomponents and biogenic feedstocks are included in import
and export data. This subject has become important, because production and also import and export of transport
biofuels are growing in Finland. Due to this problem, in the latest inventory submissions, the RA-SA difference
for liquid fuels is highly dependent on whether biocomponents are included in gasoil or not.
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SA figures are considered reliable as there are several independent sources for sales and/or consumption data on
most of the fuels. Therefore, the difference is related to the RA background data, presumably to stock change data
(very high stock changes in 2020, 2021 and 2023, especially in gas/diesel oil) and to bioshares in import and
export data (the shares of biogenic additives/mixed hard to be separated from the total export and import).

In 2013, the difference between RA and SA was 5.0% for the CO. emissions. This difference is partly due to
corrections in stock level data of certain oil products in 2012 to 2013; this correction affects in 2013 and 2014
data (opposite signs in RA-SA difference in Liquid fuels and also Total fuels).

No obvious reasons for differences in 1991 (4.7%) and 1992 (-4.7%) have been found, although some possible
explanations were identified in the background data of a study by Torniainen (2006). The final conclusions on the
reasons for the differences cannot be made without further data, which are no longer available for 1991 and 1992.
Therefore, explaining the differences between RA and SA fully would be resource consuming and require
demanding investigations. In addition, these differences are not exceptionally high when compared with data
reported by other countries, and within 5% range which the 2006 IPCC Guidelines gives the thresholds for
explaining differences. Due to the resource demands of the task, as well as the low significance of the issue, there
are no plans to further investigate the reasons for the differences in the RA and SA for 1991 and 1992.

There are statistical differences in oil balances, which can be seen in the RA-SA comparison. These differences,
among other, were addressed in the study by Torniainen (see above). As an example, we could mention statistical
differences of crude oil, which vary from —1,317 to +783 kt during 1990 to 1997. These figures alone correspond
to several percentage differences in the RA-SA comparison.

Collaboration with energy statistics group, the greenhouse gas inventory unit, other authorities (the Customs and
Tax Administration) and most important fuel producers and importers is continuous. Aim of this collaboration is
to understand the reasons behind large annual statistical differences and different figures in oil balance,
import/export statistics and Reference Approach. One result of this co-operation is the revision of fuel properties
(density, NCV and CO; emission factor) for the latest years (especially fossil diesel) for the 2019 and 2020
submissions.

In addition, the energy statistics group and greenhouse gas inventory unit have combined plant-specific data from
different reporting and data collection systems concerning refineries and petrochemical industry in single sheets
for internal use. This has made the data more transparent, comparable and usable and has increased the
understanding on how different types of feedstocks and fuels are reported in import and export statistics, refinery
plant data, fuel surveys. As a result, energy statistics group can provide more accurate and correctly allocated data
for IEA/Eurostat Joint Questionnaires.

In general, cumulative difference between RA and SA over 1990 to 2023 is -0.9% of total cumulative CO-
emissions, which seems acceptable.

The energy balance for the 2023 inventory is included in Annex 3. Differences between RA and IEA data are
explained in Annex 7/ Comparisons with other international reportings.

Recalculations

Compared to 2024 submission no recalculations for 1990 nor 2005 were done for reference approach calculations.
Recalculations in the sectoral approach also reflects to the RA-SA difference. The total difference between RA-
SA changed from -0.5% to 6.7% in 2022 from the previous submission due to recalculations described below.

The largest recalculation concerning reference approach was revised methodology for correcting (taking into
account) the effect of transport biofuels in RA emission data. As described above, is it not always clear, whether
these biocomponents and biogenic feedstocks are included in import and export data. For the 2025 submission so
colled biocomponent correction (apparent consumption of liquid biofuels deduced from imported gasoil) was
taken into account, as without it the RA-SA difference in liquid fuels would become too large in 2023. This
recalculation affected mostly years 2008-2022. For 2005 this recalculation had no effect, as biofuel use in
transport was zero. Overall, this recalculation affected RA liquid fuels emissions from -0.2 Mt in 2008 to 1.9 Mt
CO; in 2022 (in 2002-2007 the figures are very low).
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Another recalculation was due to the change of reporting unit of gaseous fuels (m? to TJ) in order to reduce unit
conversion errors of natural gas and LNG.

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

Emissions from international bunkers were 1.9 Mt CO; eq. in aviation and 0.9 Mt CO; eq in navigation in 2023.
The amount of emissions in international aviation has increased gradually from 1993 until the 2008 recession,
after which the trend stabilised until 2016. After that emissions increased due to continuing growth in Far East
and North America travel (Figure 3.2-2). In 2020 and 2021 emission from international aviation dropped due to
COVID-19 pandemic. In 2023 emissions increased 18% compared to previous year but are still nearly 25% below
the level in 20109.

The trend of emissions in international navigation has fluctuated during most of the period. The most important
reason for these fluctuations has been the variation in bunker fuel prices. Especially the ferries between Finland
and Sweden can refuel in one or the other country depending on fuel prices. The Finnish currency was devalued
in the early 1990s, which affected fuel prices strongly. This effect has disappeared due to Finland’s EU
membership and the common currency. Since the beginning of the 2000s refuelling in Finland diminished to a
very low level until 2015. Since then, marine bunker sales have increased again. In 2023 marine bunker emissions
decreased 16% compared to 2022. The use of LNG in international navigation started in 2016.
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Figure 3.2-2 Emissions from international bunker, Mt CO- eq.

The emissions are calculated using the ILMARI calculation model of Statistics Finland (see Section 3.1.4 for
more details). Fuel consumption data by transport mode are obtained from the energy statistics and they include
fuel sales to ships and aircrafts traveling abroad. The country-specific CO, emission factors are the same as for
domestic aviation and navigation. The average non-CO, emission factors have been partly selected from the IPCC
Guidelines and partly derived from the results of ILMI calculation system (see Section 3.2.5.3) and Eurocontrol
data.

The case of Aland could be seen as an exception to the IPCC definitions. In the present inventory, all trips to
Sweden via Aland are treated as international, because the number of passengers (or cargo) leaving or entering
the ships in Aland is very low. A small share of Aland transport has been allocated to domestic navigation (see
Section 3.2.5.6). The fuel volumes (gasoil and residual fuel oil) of the Aland correction are subtracted from the
original bunker fuel data and added to total domestic fuel consumption.

No uncertainty estimation for international bunkers has been carried out.
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Bunker fuel quantities are originally taken from the Energy statistics. The data have been checked against the data
reported to the IEA Oil Questionnaire. There were small differences (< 0.5%) in physical quantities, caused
probably by differing roundings during the time series. The NCVs used by the IEA may differ from those used in
the inventory. Also, the Aland correction mentioned above causes some difference, because it has not been
included in the IEA bunker fuel data. Until 2008 and again from 2020 on, the difference has been less than 2%.
The difference is largest from 2012 to 2014 (13 to 15%), because the total marine bunker sales have been very
low due to market situation.

The bunker fuel figures reported in Sectoral background data for energy tables; Table 1.D ‘International aviation
and international navigation (international bunkers) and multilateral operations’ and Table 1.A (b) ‘CO- from fuel
combustion activities— Reference approach’ are as consistent as possible. Note: the weighted average NCV for
residual fuel oil used in the RA is slightly different from the value used for bunker fuels in the SA, which causes
a small deviation.

Recalculations

CH,4 emissions from aviation were recalculated from 2018 to 2022 due to changes in Eurocontrol data (0.03 kt
CO2 eq. in 2022).

Sector-specific planned improvements

There are no sector-specific planned improvements.

3.2.3 Feedstocks and non-energy use of fuels

The emissions from the non-specified burning of feedstocks are calculated by a separate module in ILMARI. The
ILMARI system includes point source (bottom-up) data on feedstock combustion in the petrochemical industry
and these emissions are reported in corresponding subcategories of 1.A.2. These specified energy uses of
feedstock are subtracted from the corresponding total amounts of feedstock. For the rest of the feedstock, 100%
of carbon is estimated to be stored in products (mainly plastics).

Residual fuel oil, PCl-coal and coke are used as feedstocks in the metal industry and corresponding amounts are
subtracted from the reference approach. Some of this carbon is estimated to be released as CO, during the process
and emissions are reported in category 2.C.1 (see Section 4.4.2), while the rest of the carbon is mainly included
in blast furnace gases and will be used for energy production (reported under category 1.A, see more details in
Section 4.4.2.2). Natural gas, heavy fuel oil, LPG, naphtha and other oil products are used as feedstock in the
chemical industry. Carbon included in these feedstocks is subtracted from the reference approach. Most of carbon
is stored in the products, but certain process emissions are reported in sector 2.B.10 (see Section 4.3.6).

From other feedstocks, only carbon from paraffin waxes is estimated to be oxidised and these emissions are
reported in sector 2.D.2 (Section 4.5.3).

The ILMARI system includes point source (bottom-up) data also on waste oil (used lubricants) combustion in
different branches of industry, and these emissions are reported in corresponding subcategories of 1.A.2.

For the rest of lubricants, we use a top-down calculation methodology, presuming that 33% of carbon is stored in
products (recycled lubricants) and 67% of carbon is released as CO; either in burning of lubricants in motors (two-
stroke oil and part of motor oil in four-stroke engines) or illegal combustion of waste oil in small boilers. These
non-specified emissions from burning of lubricants (excluding above mentioned emissions reported in 1.A.2) are
included in category 2.D.1 (Section 4.5.2).
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Table 3.2-1 Reporting of carbon stored and emissions related to use of feedstock and lubricants (figures show
approximate ranges for the years from 2010 on.

Use in kt kt CO2 Reported in inventory
Feedstock for metal industry 1100-1 400 1700-2 400 2.C.1; in RA subtracted from
residual fuel oil and coke oven coke
Feedstock for hydrogen production 280-430 (1 000 m3) 550-870 2.B.10; in RA subtracted from
natural gas
Feedstocks for petrochemical industry 1100-1 200
Combusted on site 150-210 420-550 1.A2.c
Flaring 10-40 40-90 1B.2.c
Stored in products (plastics, chemicals) ~ 700-900 1900-600 RA carbon stored; subtracted from

LPG, naphtha and other oil
‘apparent consumption emissions'

Lubricants
Combustion of recycled waste oil 10-30 30-100 1.A.1and 1.A.2
Non-specified consumption 40-60
- of which, estimated combustion (2/3)  25-40 80-120 2.D.1
- stored carbon (in recycled lubricants) ~ 10-20 30-50 RA carbon stored; subtracted from
lubricants 'apparent consumption
emissions’
Paraffin waxes
burning of candles 5-8, included in 18-20 2.D.2; in RA subtracted from other
other oil oil

According to 2006 IPCC Guidelines emissions from 2-stroke oil should be reported in the Energy Sector. We do
not have data on sales of 2-stroke oil separately, thus we have not separated these emissions from the use of 4-
stroke oil and other lubricants. However, we have made a rough estimate for 2013, showing that CO emissions
from 2-stroke oil might be around (less than) 7 kt. To be able to reallocate these emissions to Energy Sector, we
would have to split the figure to four subsectors (road transport, residential non-road machinery, commercial non-
road machinery and leisure boats). As we do not have full time series of activity data to allocate these emissions
to Energy subsectors, we are not able to do the split and have included them in 2.D.1, correspondingly to the top-
down calculation methodology described above. This practise of aggregation and allocation does not result in an
over- or underestimation of the emissions.

3.2.4 Energy industries and Manufacturing industries and
Construction (CRT 1.A.1, CRT 1.A.2)

3.2.4.1Category description

Energy industries (CRT 1.A.1) and Manufacturing industries and construction (CRT 1.A.2) include emissions
from fuel combustion in point sources in energy production and industrial sectors (power plants, boilers
Pre>5MW and industrial plants with boilers and/or other combustion). In addition to these point sources the
emissions from off-road vehicles and other machinery in Manufacturing industry and construction are reported
under this category. The emissions from Energy industries by relevant subcategory and gas are presented in Table
3.2-2 and emissions from Manufacturing industries and construction in Table 3.2-3.

In Finland, three pulp and paper mills, one paper mill and two hydrogen plants are capturing and directing part of
their fuel combustion-based CO; emissions to PCC (Precipitated Calcium Carbonate). The calculated amount of
this stored CO, (around 0.05 to 0.2 Mt annually) is reported as recovered in gaseous fuels in subcategory 1.A.2d
(See Section 3.4).

In 2023, the greenhouse gas emissions from Energy industries amounted to 10.1 Mt CO; eg. and Manufacturing
industries and construction 5.1 Mt CO; eq. The share of energy industries was 35% of the Energy sector’s total
emissions. The corresponding share was 18% for manufacturing industries and construction. These two subsectors
together accounted for 37% of the total greenhouse gas emissions of Finland.
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Table 3.2-2 The emissions from Energy industries by relevant subcategory and gas (Mt CO; eq.)

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Energy industries 190 240 221 221 309 209 178 191 175 186 162 131 134 129 101
Co, 18.8 238 219 219 306 207 175 189 172 184 159 128 131 126 99

Public electncity and heat

production 1656 211 191 189 277 178 149 169 163 164 140 110 116 109 8C

Petroleum refining 204 25 25 26 27 25 22 17 16 16 17 16 12 14 15

Manufacture of solid fuelsand 035 032 035 039 024 030 033 034 033 030 029 027 033 032 032

other energy industries
CH,

Total 0.011 0.017 0.021 0.028 0.033 0.029 0.027 0.030 0.032 0.035 0.034 0.033 0.038 0.036 0.034
N,O

Total 010 016 018 022 031 024 022 024 022 025 024 021 023 023 021

Table 3.2-3 The emissions from Manufacturing industries and construction by relevant subcategory and gas (Mt

COzeq.)
1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Manufacturing industries and
construction 134 122 119 113 100 71 67 68 66 68 66 63 64 59 5.1
co, 132 120 17 112 99 69 66 66 65 66 64 61 62 57 49
Iron and steel 250 266 369 367 300 098 083 091 088 09 083 081 089 080 076
Non-ferrous metals 034 011 015 010 012 010 010 011 010 012 011 010 008 009 009
Chemicals 119 130 109 1256 078 074 075 078 067 074 073 070 073 070 0861
Pulp, paper and print 533 477 386 339 344 270 268 264 248 255 246 219 221 187 130
Food processing, beverages
and tobacco 083 070 033 021 024 023 015 017 015 013 015 013 010 010 009
Non-metallic minerals 137 080 089 08 072 059 059 064 067 060 058 057 058 057 042
Other 164 165 174 162 160 157 149 140 153 160 157 164 166 153 165
CH,
Total 0.018 0.020 0.021 0.019 0.021 0.025 0.024 0.024 0.025 0.025 0.024 0.023 0.025 0.022 0.021
N,O
Total 015 014 016 015 012 012 012 013 013 014 014 012 014 012 0.1

Fuel combustion CO, CH4 and N2O emissions by fuels are given in Appendix_3b at the end of the Chapter 3.

3.2.4.2 Methodological issues

Methods

Emissions from fuel combustion in point sources are calculated with the ILMARI calculation system (See Section
3.1.4). Emissions within CRT 1.A.1 and 1.A.2 (except off-road vehicles and other machinery) are based on actual
bottom-up data. In the ILMARI system, emissions are calculated using the annual fuel consumption data. Fuel
combustion data are available by installation and by fuel type. For each point source, SO,, PM, NOxand CO;
emissions are reported by plant. In the ILMARI system, SO,, PM and NOyemissions are split into each fuel. CO»,
N.O, CH; and NMVOC are calculated based on fuel combustion data. The calculated CO, emissions from each
fuel in a certain plant are summarised and compared with total CO, 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),
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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, SO, and NOy).

Calculation of the CO; emissions is based on a country-specific method (consistent with Tier 3!, 2006 IPCC
Guidelines) using detailed activity (fuel consumption) data and fuel-specific emission factors. For off-road
vehicles and other machinery reported under CRT 1.A.2.g.vii see Section 3.2.5.7.

The SO, and NOy emissions are based on the emission data reported by the plants and recorded in the YLVA
system. The emissions of each plant are split into fuel-based emissions (CRT 1) by each fuel and non-fuel-based,
i.e. process emissions (CRT 2).

The allocation of fuel combustion and process CO, emissions in the Iron and steel sector is described in Section
4.4,

The emissions of CH4, N2O and CO are based on a country-specific method (consistent with Tier 3, 2006 IPCC
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).

In Finland, it is typical to use multi-fuel fired power plants in which the fuel mix varies according to the changes
in the availability of fuels as well as fuel prices and taxes and to the price of COin the European Union Emissions
Trading System. This causes annually changes in the fuel mix, emission estimates and implied emission factors
for different types of plants. All these changes cannot be reported individually in the NID due to the number of
boilers and fuels used and also due to confidentiality issues (see also subtitle Factors affecting implied emission
factors in this Section).

Emission factors and other parameters

Mainly country-specific or plant-specific emission factors are used in the calculations, although IPCC default
emission factors are used for some fuels of minor importance. CO; emission factors, oxidation factors and default
net caloric values for different fuels are presented in Table 3.2-4.

Table 3.2-4 CO;emission factors, oxidation factors and net caloric values (NCV) by fuel

Fuels Year NCV Unit Emission factor Oxidation Source of
g CO2/MJ factor emission factor
Liquid fuels
Town gas al 16.9 GJ/1000m3 594 1 Neste 1993
Refinery gas (+ other gases) 49.4 (30-55) GJit 49.1-614 1 Plant-specific
LPG (liquefied petroleum gas) 1990-2012 46.2 GJit 65 1 Neste/ET2004
LPG (liquefied petroleum gas) ~ from 2013 46.3 GJit 64.9 1 SF 2014
Naphtha 44.3 GJit 72.7 1 EE
Motor gasoline (fossil part) 1990-2012 43 GJit 729 1 VTTI/LIISA
Model/Neste
Motor gasoline (fossil part) from2013 434 GJit 715 1 SF 2018
Aviation gasoline 43.7 GJit 71.3 1 EE/Neste
Jet fuel 43.3 GJit 73.2 1 EE /Fortum 2002

17 Bottom-up installation level activity and technology data; technology dependent non-CO2 emission
factors.
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Fuels Year NCV Unit Emission factor Oxidation Source of
g CO2/MJ factor emission factor
Other kerosenes (vaporising oil, 431 GJit 715 1 EE/2006 IPCC GL
lamp kerosene)
Diesel oil (fossil part) 1990-2012 42.8 GJit 73.6 1 VTTILIISA
Model/Neste
Diesel oil (fossil part) from2013  42.8-43.2 GJit 72.9-734 1 SF 2018
Gasoil (light fuel oil, heating fuel ~ 1990-2012 42.7 GJit 74.1 1 Neste/EE
oil) (fossil part)
Gasoil (light fuel oil, heating fuel from 2013 43.2 GJit 73.1 1 SF 2018
oil) (fossil part)
Gasoil (for non-road use) (fossil ~ 1990-2004 74.1
part)
Gasoil (for non-road use) (fossil ~ 2005-2012 42.8 GJit 73.6 1 EE (same as diesel
part) oil)
Gasoil (for non-road use) (fossil from 2013~ 43.2 GJit 73.1 1 SF 2018
part)
Residual fuel oil (RFO, heavy fuel ~ 1990-2012 41.1 GJit 78.8 1 Neste/EE
oil), low sulphur
Residual fuel oil (RFO, heavy fuel from 2013  40.4 GJit 79.2 1 SF 2014
oil), low sulphur
Residual fuel oil (RFO, heavy fuel ~ 1990-2012 40.5 GJit 78.8 1 Neste/EE
oil), normal
Residual fuel oil (RFO, heavy fuel from2013  40.2 GJit 78.4 1 SF 2014
oil), normal
Residual fuel oil (RFO, heavy fuel from 2015  42.1 GJit 76.1 1 SF 2014
oil), sulphur < 0.1%
Residual fuel oil (RFO, heavy fuel from2016  41.5 GJit 77.0 1 SF 2014
oil), sulphur < 0.5%
Other residual fuel oil (heavy 40.2 GJit 79.2 1 Neste/EE
bottom oil)
Petroleum coke 33.5 (20-36) GJit 97 (89-102) 1 Plant-specific
Recycled waste oil 41 GJit 78.8 1 EE
Other petroleum products 35 (30-47) GJit 78.8 (65-78.8) 1 EE
Solid fuels
Anthracite 33.5 GJit 98.3 0.99 2006 IPCC GL
Hard coal (bituminous) 1990-2004 25.2 (21-32) GJit 94.6 0.99 StatFi 2005
Hard coal (bituminous) 2005-2007 24.9-25.3 (23-31)  GJit 93.7-94.0 0.99 EE
Hard coal (bituminous) from2008  24.6-25.2(23-30)  GJit 92.7-94.1 0.99 ETS from 2008
onwards
Coal briquettes 30 GJit 94.6 0.99 EE
Coal tar 36.5 GJit 90.6 0.99 Plant-specific
Coke 29.3 (25-35) GJit 107 0.99 2006 IPCC GL
Coke oven gas 16.7 GJ/1000m3 415 0.99 Plant-specific
Blast furnace gas (BFG) 3.6 GJ/1000m3  263-265 0.99 Plant-specific
Carbon monoxide 10.9-11.5 GJ/1000m3 155 0.99
Gaseous fuels
Natural gas 1990-2012 36 GJ/1000m3  55.04 1 Gasum
Natural gas from2013  36.3-36.76 GJ/1 000 m3  55.19-55.52 1 Gasgrid
LNG 2013-2018 49.3 GJit 55.8 1 EE2015
LNG from2019  49.6-49.7 GJit 55.3 1 EE2020
Biomass fuels
Motor gasoline (biogenic part) 27.2-29.9 GJit 64.0-70.2 1 Neste, various
sources
Diesel oil (biogenic part) 38.5-43.9 GJit 71.4-81.0 1 Neste, various
sources
Gasoil (light fuel oil, heating fuel 43.5-44.0 GJit 70.9-71.8 1 Neste/EE
oil) (biogenic part)
Gasoil (for non-road use) 441 GJit 70.9-71.8 1 Neste/EE
(biogenic part)
Biogenic parts of MSW/REF etc. 5-33 GJit 110-140 1 EE2023
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Fuels Year NCV Unit Emission factor Oxidation Source of
g CO2/MJ factor emission factor
Biogenic parts of rubber waste 33 GJit 91 1 EE2015
Wood fuels (solid, includes e.g. 7.8-16 GJit 112 0.99 2006 IPCC GL
firewood, bark, chips, sawdust
and other industrial wood
residues, recycled wood, pellets
and briquettes)
Black and sulphite liquors 7.3-15 GJit 95.3 0.99 2006 IPCC GL
Other by-products from wood
processing industry
pine oil and tar 37 GJit 77 0.99 EE
methanol and turpentine 19.5-45 GJit 70 0.99 EE
fibrous sludge 25 GJit 112 0.99 2006 IPCC GL
wastepaper 11-13 GJit 112 0.99 2006 IPCC GL
stink gas 20 GJ/1000m3 59 0.99 EE
other by-products 15 GJit 112 0.99 2006 IPCC GL
Plant and animal residues 5-37 GJit 72-110 0.99 EE
Biogas (landfill gas, biogas from 15-20.5 GJ/1000m3 546 1 2006 IPCC GL
wastewater treatment, industrial
biogas and other biogas)
Biogas (gasified biomass) 5 GJ/1000m3 108 1 EE
Hydrogen 10.8 GJI1000me 0
Other fuels, peat
Peat (milled) 1990-2011  10.1 GJit 105.9 0.99 VTT 2003
Peat (milled) from2012  9.5-10.2 GJit 106.3-107.9 0.99 ETS
Peat (sod peat) 1990-2011  12.3 GJit 102 0.99 VTT 2003
Peat (sod peat) from 2012 11.7-12.4 GJit 103-104 0.99 ETS
Peat (pellets and briquettes) 18.0 GJit 97 0.99 VTT 2003
Other fuels, wastes etc. (fossil
parts)
Mixed fuels* (REF, RDF, PDF) 3-30 GJit 80-110 0.99 StatFi 2004, ETS,
EE2015
Mixed fuels* (MSW) 9-12 GJit 80 0.99 StatFi 2004, EE2015
Gasified solid waste* 13.3 (7-30) GJ/1000m3 59 0.99 EE
Demolition wood* 8-15 GJit 114 0.99 StatFi 2004, EE2015
Impregnated wood* 12 GJit 114 0.99 StatFi 2004. EE2015
De-inking sludge* 4 GJit 60 0.99 EE
Other residues and by-products 30 GJit 78.8 0.99 EE
Plastics waste 33 (25-40) GJit 74.1 0.99 EE
Rubber waste 33 GJit 9N 0.99 EE2015
Hazardous waste 15 (10-15) GJit 117 0.99 Ekokem 2004
Other  non-specified ~ waste 15-30 GJit 75 0.99 EE

(industrial waste, etc.)

* Mixed fuels: contains fossil and non-fossil carbon
REF = recovered fuel
RDF = refuse-derived fuel
PDF = package derived fuel
MSW = municipal solid waste

Sources:

EE, EE2015; EE2023: expert estimation Kari Gronfors, Statistics Finland

ETS: aggregated data or plant level data taken from EU Emissions Trading System
Neste 1993: Composition and properties of natural gas and liquefied petroleum gas (in Finnish, Neste 1993)

Neste: product data sheets, personal communications
Neste/ET2004: EF from Energy Statistics which is based on information from Neste (Energy Statistics, 2004)

VTT/LIISA Model: Calculation system of road traffic emissions

StatFi 2004: Mixed fuels in Finland’s greenhouse gas inventory and on compilation of the energy statistics (Jokinen, M 2004)

StatFi 2005: Not published research of Oinonen, T. 2005Ekokem 2004: Environmental report 2004
Gasum, Gasgrid: annual personal communication (Nuppunen)

VTT2045: Properties of fuels used in Finland, VTT 2000 (Alakangas, 2000)

Fortum 2002: Composition of kerosenes (Fortum, 2004)
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VTT 2003: Vesterinen 2003

SF 2014/2018: Results from projects by Statistics Finland in which CO, emission factors and NCVs of liquid fuels were checked and updated based on
information and measurement data received from oil refineries and importers.

Oxidation factors for liquid and gaseous fuels follow the 2006 IPCC Guidelines’ default value (1). For solid fuels,
the national default value 0.99 is used. The background for this decision is that there are a small number of coal
fired power plants that measure the oxidation factor and report the values in ETS data. Based on these very few
results, we regard 0.99 as a good approximation for solid fuels. The same decision was also applied to peat, waste-
derived fuels and wood fuels.

The default NCVs are practically constant over time. There are some exceptions concerning plant-specific fuels
like refinery gases and certain waste-derived fuels. For these fuels the range of the NCV values over time are
given in the table above.

The operators should report both fuel quantities as well as energy contents of the fuels used to the YLVA system.
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. In addition, plant level NCVs are compared to default NCVs, as described later
in this Section.

Appendix_3b presents the shares of each fuel in the fuel combustion subsector.

The inventory and energy statistics team collaborate with the main operators/companies in the field to ensure that
data on the fuel’s properties are up-to-date. The collaboration is based on established contacts and discussions,
among others during annual/periodic meetings.

Emission factors for liquid fuels prior 2013 are based on information received from Neste between 2004 and 2008.
Properties of liquid fuels were checked and updated in a project during 2014. In the project, measurements and
market data of liquid fuels in the Finnish oil market were gathered, and based on these data, average CO, emission
factors and NCVs suitable for Finnish conditions were calculated for LPG, diesel oil, gas oil and low sulphur
residual fuel oil. These CO, emission factors are used, starting from 2013.

In 2018 we received more information from the oil companies on the properties of gasoil, gasoline and diesel oil,
and the emission factors were updated again, back to 2013. The use of fossil paraffinic diesel has increased fast
since 2013, which has had a remarkable impact on the average properties of fossil diesel oil. The range of the
NCV values and emission factors for diesel oil are given in the table above. From 2018 on, information on changes
of the fuel properties is collected every few years from the most important oil suppliers.

In the Finnish inventory, solid fuels include hard coal, coke and other fuels (BFG, coke oven gas) derived from
coal. These coal-based fuels are originally imported. Until 2004, the national CO; EF for hard coal was used based
on a research study (Oinonen, 2005). In this study, the applicability of the default IPCC CO; emission factor of
coal (94.6 g CO2/MJ) in Finnish conditions was studied. The emission factor was found to be suitable for the
Finnish inventory in years 1990 to 2003 even though there is annual variation between 93.2 to 94.9 g CO,/MJ due
to different properties of imported coal. Starting from 2008, the installations in EU ETS are obliged to monitor
the CO; EF. The country-specific CO, EF for hard coal has been determined annually based on the ETS data,
starting from 2008. The verified values taken from the EU ETS in 2008 to 2023 are considered to be accurate. For
years 2005 to 2007, annual country-specific CO2 emission factors were estimated using the annual average NVC
taken from EU ETS data.

Peat is one of the main fuels in Finland and it is a domestic energy source. In stationary combustion, it is the
fourth largest fuel (after wood, hard coal and natural gas), representing typically 3% to 7% of total primary energy
supply (TPES) and 5% to 10% of combustible fuels. Due to local weather conditions in peat production and
storage areas in 2012 and again in 2013, the quality of peat was lower than usually. This can be seen from
measured plant level data: NCV and CO, emission factors have exceeded the normal range of accepted values (+-
1% variation has been seen as normal). Therefore, the annual CO; emission factors for milled peat and sod peat
have been taken into account starting from 2012.

The CO; emission factor of natural gas (55.04 g/MJ, until 2012) is clearly lower than the IPCC default value (56.1
g/MJ). Until 2019, all natural gas used in Finland was imported from Russia and consisted almost totally (>98%)
of methane. The sole importer of natural gas (Gasum Oy) has monitored monthly CO, EF from January 2005.
Monthly emission factors from January to August 2005 varied between 54.99 and 55.09 g/MJ. Usually, the
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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 the annual average emission factor, although the second decimal represents
likely a “too accurate” value (personal communications with Arto Riikonen and Tuomo Saarni from Gasum Oy,
2005). During the centralised review of 2011 submission, more information on the CO; EF was requested. Gasum
Oy provided monthly data for 2005 to 2010 (Nuppunen, A 2011). The range of EF was 54.98 to 55.22 g/MJ and
the range of NCV was 35.838 to 36.408 MJ/m?®n. Annual average EF varied from 55.02 to 55.07 g/MJ. Based on
these results, the country-specific NCV and EF seem to be well applicable. However, later data received from
Gasum (Nuppunen, 2015 and 2016) showed that the NCV and EF have started to change slightly. Starting from
2013 data, annual values have been used.

In 2020 the situation changed, as new import pipeline (Baltic Connector) was opened. From 2020 national grid
operator Gasgrid is responsible for the natural gas data, including NCV and CO- EF. Figures were calculated as
weighed average values from import pipelines. The import of pipeline gas from Russia to Finland ceased in May
2022. In October 2023 Baltic Connector pipeline was damaged and out of use for the rest of the year (see Section
3.3.2.1). For 2021, the CO, EF was 55.34 g/MJ, whereas the average NCV was 36.51 MJ/m?®n and for 2022, the
CO, EF was 55.37 g/MJ, whereas the average NCV was 36.76 MJ/m?3n and for 2023, the CO; EF was 55.52 g/MJ,
whereas the average NCV was 37.44 MJ/m®n.

In 2016 and 2017 two LNG terminals were opened. Preliminary estimates of properties (NCV and CO; EF) based
on literature was used. Starting from 2019 we have received measured data from these terminals. As the import
of pipeline gas ceased the import volumes of LNG increased considerably during 2023. Also new LNG terminals
(incl. LNG floating terminal) were opened.

Each reported batch of mixed fuels (mainly different types of wastes and waste-derived fuels) has been split to
fossil and biogenic part, using either a default share for each type of mixed fuel or plant-specific values based on
the ETS data. In certain cases, the operators participating in EU ETS are obliged to measure plant-specific CO;
emission factors for each fuel from 2008 onwards. Using these data, the share of fossil/non-fossil energy has been
adjusted; this concerns a relatively small number of plants. In CRT tables biogenic part is reported in biomass and
fossil part in other fuels in categories under 1.A.1.a and 1.A.2.

Table 3.2-5 Default biogenic shares of mixed fuels, calculated from the energy content

Mixed fuel Percentage, %
SRF (REF, PDF, RDF) 60
MSW 50
Rubber waste 25
Demolition wood 90
Impregnated wood 90
Other (non-specified) 10

As described above, plant-specific values (from EU ETS) used for certain operators show annual variation.

Plant-specific NCVs and emission factors have been used for refinery gases. From 2005, EFs are based on ETS
data. For 1990 to 2004 (prior to ETS), EF and NCV values have been estimated using ETS data (average values
for 2005 to 2013). There are changes in refinery processes, which partly explain the declining trend in the CO;
IEF of refinery gas. The output palette of the refineries has been developed to get lighter products (gasoline, LPG,
diesel oil) instead of heavy fuel oil, which also led to much higher use of natural gas in one plant. These clearly
affect the properties of refinery gases because releases of methane and hydrogen are also collected in the fuel gas
system. This change has been taken into account in the estimation of CO EF of one plant. Therefore, CO; EF is
slightly higher in 1990 to 2004 than in later years.

The CHa4, N2O, CO and NMVOC emission factors used in the Finnish inventory were originally based on the
compilation of research data by Prosessikemia Oy (Bostrom et al. 1992; Bostrom 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 for 1990 for Finland’s first national
communication to the UNFCCC. The emission factor database has been expanded to fit ILMARI’s more detailed
classification of boilers and processes. As new boiler types have been included in the boiler database, the emission
factors have been determined based on expert judgment (when no data have been available from other sources).
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The research study at VTT Technical Research Centre of Finland Ltd. has evaluated the non-CO; (CH4 and NO)
emission factors used in the Finnish inventory. In 2005, VTT measured the non-CO; emissions at several power
plants in Finland. The power plants were selected based on a literature survey of the emissions and advice from
the project’s 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.

CH.and N0 emission factors by main category/fuel are presented in Table 3.2-6 and Table 3.2-7.

Table 3.2-6 CH, emission factors of stationary sources in the ILMARI calculation system

Type of installation Main category Combustion technique* |/ Fuel Emission
capacity, MW 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/BFBi/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) Al />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 All/ <50 3
plant, other)
All/ > 50 1
Gas turbine 122 (gas turbine plant, gas) and 130 (combined All/<5 3
cycle power plant)
All/>5 1
Engines 141 (diesel power plant, oil) and 143 (diesel Diesel /<50 4
power plant, other liquid fuel)
Diesel / > 50 2
Gas engines 142 (natural gas fired engines) and 143 (biogas Otto or Diesel engine 240
fired engines)
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
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Table 3.2-7 N,O emission factors of stationary sources in the ILMARI calculation system

Type of installation

Main category

Combustion technique*

Emission
factor, mg/MJ

Coal fired boiler 0 (>80% coal) and 81 (50% - 80% coal) CFB 30
0 (>80% coal) and 81 (50% - 80% coal) BFB/PFB 20
10 (>80% coal) and 81 (50% - 80% coal) Grate + combined techniques, not specified 3
0 (>80% coal) and 81 (50% - 80% coal) Pulverised comb. 1
Peat fired boiler 0 (>80% peat) and 84 (50% - 80% peat) CFB 7
BFB + combined techniques 3
Grate + combined techniques, pulverised 2
comb., gasification, not specified
Wood/bark fired boiler 50 (> 80% wood) and 85 (50% - 80% wood) CFB 7
BFB 3
Grate + combined techniques, gasification, 1
not specified
Multi-fuel fired boiler 88 (no primary fuel > 50%) CFB 7
BFB + combined techniques 3
Grate + combined techniques, pulverised 2
comb., not specified
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 All 4
plant, other)
Gas turbine 122 (gas turbine plant, gas) and 130 (combined cycle All 1
power plant)
Engines 141 (diesel power plant, oil) and 143 (diesel power Diesel 4
plant, other liquid fuel)
Gas engines 142 (natural gas fired engines) and 143 (biogas fired Otto or Diesel engine 1
engines)
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

Factors affecting implied emission factors

There are several factors which have an effect to the implied emission factors of different plants or fuel groups in

different CRT categories:

1. InFinland, it is typical to use multi-fuel fired power plants in which the fuel mix varies according to the
changes in the availability of fuels as well as fuel prices and taxes and to the price of CO2 in the European
Union Emissions Trading System. This causes annually changes in the fuel mix, emission estimates and
implied emission factors for different types of plants. In addition, the use of peak and reserve boilers

varies according to heating degree days and prices of fuels, etc.

2. Inabottom-up-system, there are always some sub-sectors, which consist of a very small number of plants.
In a small set of plants (or actually plant- fuel combinations), there may be different technologies, which
have different CH4 and N>O emission factors. The changes in annual operation of plants easily change
the share of each fuel and each plant/technology within the sub-category, which is immediately reflected

in the implied emission factors.
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3. Inthe Finnish industries it is typical, that there are a lot of CHP plants and heat boilers at industrial sites,
producing steam for the manufacturing industry. In some cases, these heat and power plants are owned
by the industrial companies, and sometimes by energy companies. There may be changes in the ownership
during the time series, for example a power plant belonging to industrial company may be outsourced to
an energy company or vice versa. Due to these ownership changes allocation of plants with different
technologies to CRT categories may change (1.A.l.a versus 1.A.2.X). In these cases, we may see
unexpected variations for example in IEFs at aggregated level (combination of CRT source category and
CRT fuel category), although time series of each plant are consistent (see example Figure 3.2-3).

All these changes cannot be reported individually in the NID due to the number of boilers and fuels used, and
confidentiality. This type of bottom-up system differs from the situation, where emission factors have been
defined for sector-fuel combinations using top-down-estimates. It seems clear, that implied emission factors are
more unstable in a bottom-up system, but this reflects actual variations in fuel palettes in each sector/technology
(unlike in top-down calculations).

The effect of outsourcing (bullet point 3) can be seen for example in the increase of the CO, implied emission
factor of Solid fuels in 1.A.1.a (Figure 3.2-3) from 2014 on. Correspondingly the CO; IEF in 1.A.2.a decreases.
Power plants from iron and steel production were outsourced to energy industries (two new plants were built by
energy companies, replacing older power plants and boilers owned by industry). These new power plants use a
remarkable amount of BFG (EF 264 Gg/TJ) and carbon monoxide (CO-gas, 155 Gg/TJ). Together these two fuels
affect to the CO; IEF of Solid fuels in these categories.

As it comes to changes in CO; IEF in 1.A.2.1, the share of coke, hard coal and CO-gas from coke varies annually

in different plants. CO- IEF in 1.A.1.a peaks during the most recent years as the share of used hard coal from the
total solid fuels has declined (see also 2.2.1 and Table 3.2 8).
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Figure 3.2-3 Indexed CO; implied emissions factor of solid fuels

Changes due to legislation can be seen for example in the use of heavy fuel oil which has decreased rapidly (bullet
point 1) in 1.A.1.a. Mostly heavy oil has been substituted by wood fuels. In reserve and peak load use there has
also been a shift to lighter oil products due to legislation on SO, emissions. All in all, the use of oil has decreased,
and the remaining use consists of lighter products, thus CO, emission factor becomes lower (Figure 3.2-4).

The petroleum refining industry (1.A.1.b) uses their own refinery gases and the petrochemical industry (1.A.2.c)
their own fuel gases as energy source. These fuels are mapped under Liquid fuels. The CO, emission factor of
these gases is much lower than other liquid fuels, for refinery gases 55-60 Mg/TJ and for fuel gases around 50
Mg/TJ varying annually. The share of these fuels is dominant in these categories, but it also has some annual
variation which has an effect to CO, implied emission factor (bullet point 2, Figure 3.2-4). CO, emission factor
of refinery gas is slightly higher in 1990 to 2004 than in later years due to changes in refinery processes (see also
3.2.4.2 Emission factors and other parameters).
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Figure 3.2-4 Indexed CO; implied emissions factor of liquid fuels

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 YLVA system (see also Section 1.3 and Annex 6). Supplementary
data are obtained from other plant level data sources.

The YLVA data contain, for example:

e Basic data, like identification of plants, location, etc.
Technical data, like boiler or process type, emission reduction technology, capacity, etc.

e Fuel consumption data, like fuels used by individual point sources (power plant units, boilers,
industrial processes, etc.)

e Emission data (annual end-of-pipe emissions from these point sources.)

The YLVA system includes detailed (boiler/process level) data, which allows emissions calculation using
technology-specific emission factors for non-CO. emissions. There are numerous emission components reported
directly in the YLVA system; CO,, SO, NOx, PM emission data are used as input for the ILMARI system. These
input data from the YLVA system are supplemented with plant level data taken from other sources like:

Data from the EU Emissions Trading System (by the Energy Authority)

Fuel consumption statistics of manufacturing industries (survey by Statistics Finland)
Electricity and heat production statistics (survey by Adato Energia Oy and Statistics Finland)
District heating statistics (survey by the Finnish District Heating Association)

Fuelwood consumption data from Natural Resources Institute Finland (Luke)

Structural business statistics (survey by Statistics Finland)

Business Register (by Statistics Finland).

Individual plants and boilers from the YLVA data are linked to statistical data collection units (local kind-of-
activity unit) to allow comparisons with fuel consumption surveys 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 YLVA system are also linked to the national
fuel classification (http://tilastokeskus.fi/tup/khkinv/khkaasut_polttoaineluokitus.html).

The total number of plants (sites) included in the ILMARI system is ~1,000, including ~2,500 individual
combustion units or process installations annually.

April 2025


http://tilastokeskus.fi/tup/khkinv/khkaasut_polttoaineluokitus.html
file://///ad.stat.fi/dfs/O/koktuotteet/khkin/tuotanto/3_muokkaus/2024/EU/)%20included%20in%20the%20IL

96
Many point sources in this category are part of the EU Emissions Trading System. Monitored data for CO>
emissions from these sources have become available from the Emissions Trading System for the inventory starting
from 2005. In the Energy sector, ETS data have been mainly used in:
¢ Identifying (and completing) missing point sources
Checking, updating or verifying fuel consumption data
Verifying emission data
Verifying NCVs and CO, emission factors by fuel type
Defining plant-specific CO, emission factors for refinery gases, starting from 2005
Defining plant-specific NCV and CO- emission factors for refinery gases for data prior to ETS
Defining national NCV and CO- emission factors for hard coal, starting from 2008
Defining plant-specific CO, emission factors for MSW/REF, starting from 2008
Defining national annual NCV and CO, emission factors for peat, starting 2012.

Quality assurance of emissions trading data is described in Appendix_3e of Energy.

Fuel combustion totals by fuel (PJ), as well as greenhouse gas emissions and implied emission factors by fuel for
1990 to 2023 are given in Appendix_3b at the end of the Chapter 3.

The fuel consumption data by fuel categories in Energy industries and Manufacturing industries and construction
are presented in Table 3.2-8 and Table 3.2-9.

Waste combustion

Energy use of waste has increased significantly in Finland over the last years. There are eleven waste incineration
plants in operation in Finland at the moment, the oldest was built in 2007. Waste is also co-incinerated in Finland
in boilers using typically peat and/or biomass as primary fuel. There are 20 co-incineration plants, which use
significant amounts of waste in Finland. Different types of waste are used in incineration and co-incineration
plants. Incineration plants typically use source separated municipal solid waste. In co-incineration plants, high
quality industrial waste, solid recovered fuels and recovered wood are typically combusted (Finnish Energy,
2023).

All waste incineration/combustion plants are equipped with energy recovery, mostly combined heat and power
production. Therefore, no MSW incineration has been reported in the Waste sector.

As described in Section 3.2.4.2, waste derived fuels are split to fossil and biogenic parts. The split is done as
expert estimates by Statistics Finland (fuel data collection systems do not originally include this split, except
indirectly in a very small number of ETS plants). Fossil shares are included in “Other Fuels” and biogenic shares
in ”Biomass”.

There are some plants licenced for incineration or co-incineration of hazardous wastes. Also these plants contain
energy recovery, and they are included in subcategories of the Energy sector.
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Table 3.2-8 Fuel consumption in Energy industries (CRT 1.A.1.) (PJ)

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Liquid fuels Heavy fuel ol 161 211 171 168 1756 77 85 71 56 28 22 09 17 17 09
Light fuel oil 05 11 09 o7 06 07 07 17 20 25 20 17 40 83 46
Refinery gases 161 168 154 163 184 171 166 202 200 198 217 198 147 208 215
Other liquid fuels 39 43 45 51 51 53 45 50 46 47 71 64 53 70 67
Solid fuels Hard coal 992 1069 880 732 1393 838 583 757 662 634 490 287 325 412 208
Other solid fuels 21 32 32 34 30 94 104 106 100 107 91 95 116 96 99
Gaseous fuels  Natural gas and other gaseous fuels 479 688 944 1045 1046 619 508 418 348 4569 412 426 406 114 1686
Biomass Woodfuels 31 162 346 585 807 927 888 960 966 975 1002 944 1216 1202 1179
Biogas NO 01 01 10 04 03 04 04 35 31 29 24 28 19 23
Other non-fossil fuels NO 04 03 36 59 83 99 114 120 134 130 135 141 134 127
Peat Peat 378 B35 506 570 822 485 460 452 432 505 458 349 310 35 214

Other fuels Mixed fuels and waste (fossil part) 0.01 04 14 15 22 5.2 b8 6.9 7.8 82 8.5 8.3 8.9 8.1 83
Other liquid fuels includes e.g. petroleum coke, LPG, recycled waste oil and some other oil products
Other solid fuels includes e.g. coke, coke oven gas and blast furnace gas.

Table 3.2-9 Fuel consumption in Manufacturing industries and construction (CRT 1.A.2.) (PJ)

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Liquid fuels Heavy fuel oil 342 277 226 183 111 78 76 78 71 60 59 61 57 62 55
Light fuel oil 144 142 161 161 171 158 151 141 160 169 169 174 169 175 169
LPG 45 47 82 100 92 85 86 89 83 78 37 32 33 30 29
Refinery gases 50 57 66 79 90 87 91 93 79 93 97 93 97 97 73
Recycled waste oil 05 05 09 13 12 08 05 05 06 04 04 07 05 06 06
Other liquid fuels 23 19 13 19 15 22 23 25 25 35 33 26 24 24 18
Solid fuels Hard coal 284 164 103 73 54 33 38 55 53 45 42 34 39 38 13
Coke 59 49 54 56 45 12 11 11 09 11 10 10 09 08 07
Other solid fuels 90 119 152 147 125 70 58 65 62 61 59 54 62 55 54
Gaseous fuels
Natural gas and other gaseous fuels  39.9 431 398 364 359 273 250 240 233 248 269 274 292 228 197
Biomass Woodfuels 421 439 512 391 356 423 416 442 455 442 449 424 478 430 4341
Black/sulphite liquor 87.4 1111 139.8 1294 1357 1419 1421 146.3 154.8 167.0 169.7 158.1 166.2 142.4 141.8
Biogas 01 03 03 03 08 17 18 17 29 38 40 36 41 39 39
Other non-fossil fuels 13 15 21 22 39 48 44 47 47 48 45 41 52 54 A7
Peat Peat 141 149 114 122 130 106 99 88 83 91 86 67 58 38 29

Other fuels Mixed fuels and waste (fossil parf) 10 11 19 24 30 52 46 47 50 47 49 48 56 58 58
Other liquid fuels includes e.g. petroleum coke.
Other solid fuels includes e.g. coke oven gas and blast furnace gases.

3.2.4.3 Uncertainty assessment and time series’ consistency

Quantitative estimates of uncertainty are provided in Annex 2. The annex also documents assumptions made
for the analysis. A description of the uncertainty analysis is included in Section 1.6.

The uncertainty analysis is carried out at a fairly detailed level, covering more than 30 fuel types mainly at the
“h CRT category level (e.g. 1.A.1.a). The disaggregation level is such that uncertainties of AD and EFs (within
the same year) can be considered independent (in most cases).

Uncertainties in the activity data are based on expert estimates, taking into account both observed differences
and errors in the plant level fuel consumption data and statistical differences in the national fuel balances.

The aggregation of fuels follows the level shown in Table 1_App_3b (around 30 fuel types, aggregated from
originally around 50 different fuel categories).

The uncertainties in activity data vary from fuel type to another and from subcategory to another. CO, emission

factors are independent of the subcategory. In most cases, CO; emission factors are not studied annually, but
the same EF has been used throughout the time series.
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The EU ETS started from 2005, the second period from 2008 and the third period from 2013. This has provided
more reliable data on both activity data and properties of fuels. These new data have been taken into account
in the revised uncertainty estimation. There are three main types of changes:
e The uncertainty of the activity data has become lower
e The uncertainty of the CO, EF has become lower, although the EF itself has not changed (the same
EF has been used over the years)
o Annual CO; EF has been taken from ETS data; in addition, the uncertainty has become lower.

The first two bullet points are relevant to most of the fuel types. The third bullet point refers mainly to hard
coal, peat, waste-derived fuels and refinery gases.

In the 2015 submission, a new type of time series correction was launched. Country-specific default values for
NCV and CO; EF (prior to measured ETS data) were re-estimated using the data taken from EU ETS. This
approach was taken for refinery gases (1990 to 2004) and hard coal (2005 to 2007).

Discussions with the refinery plant staff (Ryyppd, 2015) showed, that there are no reliable direct sources for
revision of activity data available for the early years (beginning of 1990s). The most reliable (and the only
reliable) data for the whole time series are feedstock input data [ktonnes of feedstocks]. A decision was made
to use that data as starting point to estimate the total production of refinery gases. Annual production data of
refinery gases in 1990 to 2004 are calculated as a constant share from the feedstock use. The share was judged
based on the average from more reliable recent data (2005 to 2013).

In general, the uncertainties in activity data and CO, EFs for fossil fuels (oil, gas and coal) are lower than for
domestic fuels (peat and wood). There are two reasons for this. First, the national balance of domestic fuels is
more uncertain because both production and consumption figures are partly based on surveys instead of more
accurate total sales statistics. Secondly, the properties of peat and wood fuels include higher variation (density,
NCV, wet content, carbon content).

This variability of CO, EF for peat has been studied in a measurement project done at VTT Processes
(Vesterinen, 2003). In the study, the CO,emission factor for peat combustion was measured from five different
power plants. The selected power plants were located at 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 the variation of the measured emission factors, and was +5%, which was
chosen as the base year uncertainty. The uncertainty of EF for 2023 was chosen to be 2%. As described in
Section 3.2.4.2 CO; EF for peat is based on monitored and verified ETS data from 2012 onwards.

Emission factors for CH, 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 N,O
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, NOy reduction technologies).

The research and measurement project at VTT on non-CO; (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, a £60% uncertainty was chosen for CH4 and
N>O emission factors in all stationary combustion categories.

The Monte Carlo simulation has been used to combine the uncertainties of each calculation parameter in order
to get the total uncertainty of the category (see Section 1.6).

Minor inconsistencies in the earlier inventories caused by missing data of some plants, changing
classifications, etc. are corrected annually. Overall, methodologies and data sources are as consistent as
possible with reasonable resource demands. The only exception is 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 1990 and 1992 data at CRT category and fuel category level.
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Due to ownership changes allocation of plants with different technologies to CRT categories may change
(1.A.1.aversus 1.A.2.x) resulting unexpected variations for example in IEFs at aggregated level, although time
series of each plant are consistent (see also subtitle Factors affecting implied emission factors in this Section).

3.2.4.4 Category-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 1.5. The QC procedures are performed according to the QA/QC plan in the
Energy sector in order to attain these quality objectives. The bilateral quality meeting or quality desk review
is held annually between the inventory unit and the sectoral expert.

QC procedures

Several QC procedures are used in the ILMARI system. The most resource demanding and the most important
QC procedure is the checking of point sources’ bottom-up fuel data, which are used for emission calculation.
Automatic checking routines are included in the YLVA data input process. For example, fuel data should be
reported in physical quantities (t or 1,000 m®), 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 all cases.

Checking of installations’ combustion technology and other technical properties is performed continuously
and minor corrections are done annually.

The ILMARI system is a part of Statistics Finland’s YEIS database system. The YEIS database has links
between records from several different sets of bottom-up fuel data (see also Section 3.2.4.2/ Activity data),
which are included in the same database system:
o ILMARI/YLVA, installation data
ETS, installation data (in some cases production site data)
Manufacturing industry fuel survey; local kind-of-activity-unit data
Electricity and heat production survey; production site data.
District heating statistics (survey by the Finnish District Heating Association)
Fuelwood consumption data from Natural Resources Institute Finland (Luke)
Other plant level data

Automatic SAS checks facilitate the comparison of different data sets at plant level. The checks include, for
example, comparison with previous years’ data (total and single values) and comparison with fuel data from
EU ETS and surveys of Statistics Finland. The output of the automatic check is manually looked through and
several corrections to point sources’ fuel data are performed.

Both the original data from the YLVA system and possibly corrected data are stored in the ILMARI system,
thus, corrections can be checked afterwards. The results of point source checks concerning year 2018 are
presented in Table 3.2-10 as an example.

Table 3.2-10 An example of the results of the point source QC procedures concerning year 2018

Number Quantity PJ
Fuel records total (final values) 4000 47 500 620
Fuel records original (data from YLVA before corrections) 2000 40 300 540
Non-corrected original (data from YLVA, accepted as such) 1400 22 400 310
Imputed fuel records (missing from YLVA, taken from other 1850 7100 80
sources)
TJ corrected 170 0 -80
Quantity corrected 70 -1900 0
Quantity and TJ corrected 280 -2 800 -60
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Number Quantity PJ
Fuel code corrected 180 -240 -400
Total corrected records (net Quantity and PJ corrections) 2600 7200 80

Note: Rounded values. 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 m3 or in 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 sources’ 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. If there are notable differences, the reasons will be studied and possible
corrections made to either 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 a bottom-up calculation. This means
that energy surveys, ETS data and GHG inventory data are used to complement each other to find out the total
consumption of peat.

CO; emissions from the ILMARI system and ETS data are checked at CRT and plant level data. If the amount
of CO; emissions in a specific CRT category or in some plant differs, the reason will be checked from plant
level data. In some cases this comparison reveals different CO, emission factors which are then taken into
account in the inventory.

One reason for deviations have been found to be wrong allocation of ETS plants in the ILMARI system; ETS
plants in the ILMARI system have been classified as non-ETS plants or vice versa. As a result, this check has
improved the quality of ETS plant classification in the ILMARI system and consistency between these data.

There is also another cross checking of plant level CO; emissions. The ILMARI system includes calculated
CO, emissions from each fuel batch. It also includes plant level CO, emissions reported by the plant operators
to the YLVA system, but those data are not split between different fuels and non-fuel-based emissions
(although CO, from biomass is separated from fossil CO,). The reported data are compared with the calculated
data and out-of-range differences are checked. However, this checking is very resource-intensive, and is done
only for a subset of plants, depending on the available time.

When transferring the ILMARI data to the ETF GHG Inventory Tool several QC checks are performed. SAS
guery is used to aggregate the ILMARI data at the CRT level. Results are compared to the ILMARI data. The
data are imported to ETF GHG Inventory Tool with Excel. Finally, xml data exported from the ETF GHG
Inventory Tool are checked against the original data in order to detect any errors in the data transfer.

QA procedures

Statistics Finland has its own internal quality audit system (statistical auditing). The objectives of this quality
audit are, for example, to evaluate and question ways of working, methods and techniques, and to identify and
search for good practices (Piela, 2011). The internal quality auditing of the greenhouse gas statistics was
performed in autumn 2020 and its focus was on energy and IPPU (excl. F gases) calculation processes.
Improvement needs identified during the audit included for example suggestions to reduce manual work during
data checks (see also Section 1.5).

The documentation of Energy sector calculations in the NIR were audited in 2017 by an independent person
who is not involved in the Finnish inventory but has some knowledge of Finland‘s Energy sector and in-depth
knowledge of the greenhouse gas inventory system and calculation methodologies. The objective of this audit
was to improve the transparency of the NIR. In the audit report it was concluded that in general the quality of
the Finnish NIR is high but some improvements could be made to improve the transparency. For example,
some significant changes in the time series should be explained and more comparisons could be presented at
aggregate level (Nielsen, 2017). Results of the audit were taken into account when the 2018 and 2019
submissions were prepared.
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During 2014, the comparison of different statistics of total amounts of sales of oil products, including
bioshares, in the Finnish market was started together with Energy Statistics, Finnish oil companies and the
Finnish Petroleum and Biofuels Association. The work continued until 2018. Starting from the end of 2018,
the situation changed, as the operation of Petroleum and Biofuels Association ended. Statistics Finland has
been responsible for oil statistics data collection since autumn 2018. This requires even more increasing direct
co-operation with Finnish oil companies.

In 2014, the inventory unit together with the energy statistics team visited one Finnish steel production plant.
During the visit, the material flows and emission measurements of the plant were studied and compared to the
inventory information. As a result, a new fuel code was included in the Finnish fuel classification and as
regards to classification, the Finnish response to the IEA questionnaire was slightly changed. Also, the
assumptions behind the inventory calculations were checked and found suitable.

Nordic cooperation has occasionally been used as a quality assurance tool:

e A comparison and review of the emission factors in the Energy sector in Swedish and Finnish
inventories was carried out in 2006.

e In the 2011 meeting between the Finnish and Swedish inventory teams, the use of EU ETS data in
inventories was discussed.

e From 2015 on Nordic greenhouse gas inventory experts’ meetings, which included participants from
Finland, Sweden, Norway and Denmark, have been held almost annually. In these meetings, several
issues concerning the Energy sector have been discussed and approaches and EFs have been compared.
The topics discussed have included for example confidentiality issues, the use of ETS data, the use of
emission and oxidation factors, small scale combustion, transport and SA-RA comparisons. It is
decided to continue cooperation in order to get input to the QA and verification of inventory data and
to create a network for sharing information.

A voluntary bilateral cross-country review on the testing of adjustment procedures was conducted between
Finland and Germany in 2004. The review covered emission categories 1.A.1 and 1.A.2 in the Energy sector.

Verification

The sectoral approach of the Energy sector is annually compared to the Reference approach and differences
are explained (see Section 3.2.1). Reference approach is compared to data reported to IEA (Annex 7/
Comparisons with other international reportings.).

Each year, the latest inventory calculations (activity data and CO, emissions) are verified by crosschecking the
results against the national energy balance. This reference calculation is based on the energy balance and shows
activity data (PJ) and CO, emissions. The idea of this crosschecking is to compare the results of the bottom-
up calculation (reported as the Sectoral approach in the CRT data) with the top-down calculation (from the
energy balance sheet). Figures based on the energy balance are aggregated to the best matching CRT and fuel
categories.

The Finnish Environment Institute (Syke) calculates the final data for the UNECE Air Pollutant inventories
and NEC directive. The calculation system is separate from the GHG calculation system but uses mostly the
same basic data sources for calculating emissions from fuel combustion. This independent calculation system
is used as a verification tool for the GHG inventory, and moreover, as a source of additional corrections in
point source data. Comparisons between the data in these two calculations systems are performed continuously
during the inventory preparation. The annual calculation in Syke is performed a bit later than the GHG
inventory and, thus, the source data set usually includes more updated data than used in the preliminary EU
GHG inventory. The thorough comparison between the Air pollutant and GHG inventory in accordance with
the EU Commission Implementing Regulation (EU) 2020/1208 is performed after 15 February and the
differences are either corrected or accounted for by the 15 March submissions.

Calculation of emissions from fuel combustion are principally made with the ILMARI system. A new

calculation system was under development during 2021 and 2022, but implementation has delayed. During
this development results received from the ILMARI system and new calculation system were compared.
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Deviations are explained and corrections were made when needed. Both systems calculated similar results for
the most recent inventory years and comparisons work was a good verification tool.

ETS data

CO,emission data taken from the EU ETS (Emissions Trading System, see Section 1.3) are annually compared
with the calculated emission data in the ILMARI system. Both systems include point source (bottom-up) data.
In the ILMARI system, the boilers and plants included in the ETS are marked. Thus, summaries of total ETS
and non-ETS plants can be made. Quality assurance of emissions trading data is described in Appendix 3e.
The calculation method of the amount of transferred emissions in the GHG data is explained in Section 3.4.1.

Total CO; eq. emissions taken from the ETS data were 15.4 Mt in 2023 as also the corresponding emission
data taken from the GHG inventory. The difference between the ETS and GHG emission data was -10 kt CO;
eq in 2023 and has varied from 217 kt CO; eq. to -48 kt CO- eq. in 2005 to 2023 (Figure 3.2-5).

There are more differences in the allocation of emissions to CRT categories. The most important difference is
in the Iron and steel sector, which is almost totally allocated to the Industrial processes and product use sector
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 and
product use sectors. 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 and product usem
sector in the ETS.
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Figure 3.2-5 Difference between the ETS data in the inventory and ETS data reported to emissions trading
system

Relatively high difference in 2006 requires some explanation. During the first period of ETS (2005 to 2007)
plants were allowed to use default CO, emission factors for solid fuels (instead of monitored data). As
described earlier (see Section 3.2.4.3), CO, EF for hard coal was re-estimated afterwards for inventory
calculations 2005 to 2007. The difference between the original default value (94.6) used in ETS and corrected
value used in the inventory (93.7) is highest in 2006, causing most of the difference seen in Figure 3.2-5.

NCVs, CO. emission factors and fuel consumption data taken from the ETS plants are aggregated at the most
detailed fuel code level and compared with the corresponding data in the ILMARI system. If there are
significant differences, corrections will be 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 are generally less than +-1%. For different types of wood fuels, the differences in NCVs are
somewhat larger (generally +-2% to 10%). This is mainly due to difficulties of plant operators in
disaggregating different types of wood residues to the existing fuel code system, but also due to variations in
the moisture content of wood fuels. The difference in total amount of woodfuels (incl. black liquor) in TJs was

1.4% in 2023.
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3.2.4.5 Category-specific recalculations

For 1990 and 2005 no recalculations were performed. Erroneous CO. emission factor of biogenic part of light
fuel oil was corrected (-0.04 kt bio-CO- eq.). For 2022 few point source data corrections were performed (-
1.8 kt COz eq.).

In general, minor updates and corrections in the point sources’ data (activity, combustion technology or
allocation) to remove inconsistencies in plant level time series are performed annually. These corrections in
some cases reflects also in category 1.A.5, which includes residuals of certain fuels. In most cases, the reasons
for these recalculations are updates in the latest years’ source data or minor, previously undetected, errors in
the older data.

3.2.4.6 Category-specific planned improvements

There are no category-specific planned improvements.

3.2.5 Transport (CRT 1.A.3) and off-road vehicles and other
machinery

3.2.5.1 Category description

In 2023, the greenhouse gas emissions from transportation amounted to 9.4 Mt CO; equivalent. Compared to
2022, emissions decreased 4% in 2023 mainly due to decrease in road transport kilometrage and fuel
consumption of vehicles with combustion engine. The share of the transport sector of the total greenhouse gas
emissions was approximately 17% (12.1 Mt CO,) in 1990 and 23% (9.4 Mt CQOy) in 2023. CO; emissions from
transport decreased considerably in the early 1990s. The reason for the decrease was the economic depression
that was much deeper in Finland than in other European countries. The bottom was reached in 1993 and after
that, the increase has been fairly constant reaching the 1990 emission level in 2000. The increase has happened
mainly in road transport due to the increased kilometrage. In 2008, the emissions deviated from the upward
trend. The worldwide economic downturn that began that year decreased the kilometrage of all transport
modes. At the same time the increased use of biofuels has lowered the CO, emissions from road transportation.
In 2010s, the bioshare in diesel oil has varied annually and caused fluctuations in the annual emissions (see
Table 3.2-15).

Transport (CRT 1.A.3) include all emissions from domestic transport sectors: civil aviation, road transport,
railways and domestic navigation. Emissions from pipeline transportation (natural gas transmission pipelines)
are addressed under Transport in Section 3.2.5.7 but reported in CRT 1.A.5.a due to confidentiality issues.
Emissions from off-road vehicles and other machinery are reported in the Manufacturing industries and
construction (CRT 1.A.2) and Other sectors (CRT 1.A.4). However, the calculation methodologies are
described in Section 3.2.5.8 as off-road vehicles and other machinery model TYKO is part of the LIPASTO
model developed by VTT Technical Research Centre of Finland Ltd. (see Section 3.2.5.2). More detailed
information on the emissions sources and how the emissions are allocated is given in Table 3.2-11.

The trend in the emissions of these categories is given in Figure 3.2-7 and in Table 3.2-12. In Figure 3.2-6, the
emissions of the transport category are given by gas. The fuel consumption in the transport sector in 1990 to
2023 can be seen in Table 3.2-13. Road transportation is the most important emission source in transport,
covering 95% of the category’s emissions in 2023. The emission trends for each sub-category are discussed in
the corresponding sections.

April 2025



104

Table 3.2-11 Reporting categories in the transport and off-road vehicles and other machinery categories

Reporting category Description Remarks

CRT1.A3

a. Civil aviation Jet and turboprop powered aircraft (turbine Emissions from helicopters are not calculated
engined fleet) and piston engined aircraft, separately. These emissions are included in
domestic flights only calculation of category 1.A.5.

b.i-b.iv. Road transport Transport on roads by vehicles with Farm and forest tractors driving on roads are
combustion engines: cars, vans, buses, included in CRT 1.A.4.c.iii Agriculture/Forestry.
coaches, lorries, articulated vehicles, Fuel consumption and emissions from military
motorcycles and mopeds and diesel microcars  vehicles are included in category 1.A.5.
(light quadricycles). Emissions from 1.A.3-b.i-iv are reported

aggregated in 1.A.3.b.i (see Section 3.1.4).

c. Railways Railway transport operated by diesel
locomotives

d. Navigation Sea-going ships (between domestic ports), Fishing boat emissions are included in the CRT
icebreakers, working boats, cruisers, 1.A4.c.ii.

ferryboats and leisure boats

e.i Pipeline transportation ~ Emissions from pipeline transportation (natural  Calculation methodologies of Pipeline
gas transmission pipelines) are received from  transportation are described in Section 3.2.5.7
the YLVA system (see 3.1.4 and Annex 6). but reported in 1.A.5.a due to confidentiality

issues.
Off-Road vehicles and Non-road machinery and other vehicles from  Calculation methodologies of Off-Road vehicles
other machinery the TYKO model cover several types of and other machinery are described in Section
machines, for example road maintenance 3.2.5.8 but reported in following CRT categories:
tractors, forklifts, all-terrain vehicles and 1.A.2.g.vii Manufacturing industry and
snowmobiles. construction

1.A.4.a.ii Commercial/institutional
1.A.4.b.ii Residential
1.A.4.c.ii Agriculture and forestry
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Figure 3.2-6 Emissions from transport sector by gas (Mt CO- eq.)
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Figure 3.2-7 Emissions from transport by subcategory (Mt CO- eq.)

3.2.5.2 Methodological issues

In the Finnish calculation system, separate models have been developed for the different categories of
transport, allowing detailed use of traffic data and data on transport equipment fleet. The emissions and energy
consumption of all traffic modes except aviation are calculated with the LIPASTO models developed by VTT
Technical Research Centre of Finland Ltd.

The LIPASTO system is comprised of four sectoral submodels:
Road transport emissions model LIISA

Domestic navigation emissions model MEERI and
Railways emissions model RAILI

Off-road vehicles and other machinery model TYKO.

VTT s responsible for running the calculation models LIISA, MEERI, RAILI and TYKO. Finavia has
estimated the emissions from aviation for 1990 to 2008 (ILMI model). From 2009 on, Statistics Finland, with
expert support from Finavia, has estimated the aviation emissions based on Eurocontrol data (see Section
3.2.5.3).

Statistics Finland aggregates the results of these models to sub-categories of the CRT sector 1.A Fuel
combustion (see Section 3.2) and to national energy balances as well. MEERI includes both domestic and
international transport, but only domestic transport data are taken to ILMARI as part of the greenhouse gas
inventory calculations. The definition used for international transport in MEERI is different from the IPCC
definition, thus, Statistics Finland (see Section 3.2.2) separately calculates bunker emissions.

In order to ensure consistency between LIPASTO transport submodels, greenhouse gas inventory and Energy
Statistics, Statistics Finland supply VTT the information on the total diesel oil, gasoline and natural gas
consumption, the share of biofuels and on the properties of fuels (bio additives change the density and NCV
of fuels). Only small differences (average between 2014 to 2023 -0.1% and between 1990 to 2013 -0.6%) in
total diesel oil and gasoline consumption data taken as a sum from the LIPASTO transport submodels
compared with total fuel sales data taken from the Energy Statistics have been identified. These differences
are caused by disaggregation, conversions between quantity units and roundings in different stages of the
process, and the share of biofuels (bio additives change the density and NCV of fuels). Also, in some cases
total fuel consumption figures are updated during the inventory process. These differences are taken into
account in the ILMARI system in road transport, which is the largest subcategory of diesel oil and gasoline
consumption, to ensure full consistency between the Energy Statistics and the GHG inventory. The
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corresponding CO-, emissions are updated as well; both updates in activity data and bioshares of fuels affect
the final CO, emissions. All other emission components in the Transport sector are based on the LIPASTO

models and split to fossil and biogenic parts according to energy (TJ) shares.
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Table 3.2-12 Emissions from the Transport sector by subcategory (Mt CO; eq.)

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Total transport 121 11.3 121 129 12.7 10.8 10.9 121 11.5 11.7 11.3 10.5 10.0 9.8 94
CO,;
3. Transport 118 111 11.9 12.7 12.6 10.7 10.8 12.0 11.4 11.6 11.2 10.4 9.9 9.7 94
a. Givil aviation 0.39 026 038 0.30 023 018 018 018 0.19 022 021 0.09 0.08 014 013
b. Road transportation 108 102 108 118 17 101 101 13 10.7 109 105 99 94 92 89
c. Railways 0.19 0.19 0.16 0.13 0.10 0.08 0.07 0.06 0.07 0.07 0.07 0.06 0.07 0.06 0.06
d. Navigation 044 046 053 0.50 0.53 0.41 042 0.41 042 042 043 0.35 0.35 0.34 032
e. Other transportation * C C C C C C C C C C C C C C C
CH,
3. Transport 0126 0098 0.066 0.041 0.025 0.019 0.018 0.017 0.016 0015 0014 0014 0014 0.012 0.012
N;O
3. Transport 0143 0137 0114 0.086 0.072 0.072 0.072 0.074 0.075 0077 0078 0076 0076 0.074 0.072
a. Gl aviation 0003 0002 0003 0002 0002 0001 OQOO4 0OO1T 0001 0002 0002 0001 0001 0001 0001
b. Road transportation 0137 0132 0108 0080 0066 0067 0068 0070 0070 0072 0073 0073 0073 0071 0069
¢ Railways 00013 00012 00009 00006 00004 00004 00003 00003 00003 00003 00003 00003 00003 00003 00002
d. Navigation 0.0026 00026 00031 00030 0003 00026 00027 00026 00027 00027 00027 00022 00023 00022 00021
g. Other transportation * C C C C C C C C C C C C C C C

* Reported in CRF 1.A ba due to confidentiality
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Table 3.2-13 Fuel consumption by fuel type in transport (PJ)

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Civil aviation
Aviation gasoline 011 008 o008 004 o004 003 003 002 002 003 003 003 003 002 003
Jet kerosene 515 351 511 409 307 245 242 246 261 292 28 119 107 18 181
Road transportation
Gasoline 807 767 M2 749 626 558 555 553 532 h24 512 472 475 442 442
Diesel oll 66.9 621 765 862 971 833 838 1007 939 98 924 3830 814 818 769
Matural gas NO NO 005 0N 020 015 015 017 020 029 046 058 068 080 094
Liquid biofuels NO NO NO NO 541 206 206 73 162 152 177 164 277 224 231
Gaseous biofuels NO NO NO 00001 O0QO02 OO OO0 001 OO0 OO4 007 017 022 036 037
Railways
Gasoll 258 261 217 173 130 115 093 087 091 098 09 087 097 080 076
Liquid biofuels NO NO NO NO 0020 NO NO NO NO NO NO NO NO NO  NO
Navigation
Residual oll 15 1.79 223 174 174 064 045 041 043 044 047 024 047 047 015
Gasoil 252 244 282 309 319 320 351 334 354 360 357 250 248 289 247
Gasoline 180 188 194 18 163 135 142 137 135 136 136 157 172 140 132
Diesel oll NO NO NO NO 052 035 035 039 035 035 034 038 035 030 o028
LNG NO NO NO NO NO NO NO 0084 010 008 016 018 019 013 014
Liquid biofuels NO NO NO NO 014 014 014 009 013 013 015 018 035 033 034
Other transportation *
Natural gas C C C C C C C C C C C C C C C

* Reported in 1.A ba due to confidentiality
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There have been some changes in legislation and fuel tax decisions concerning the use of diesel oil and gasoil
over time. A new fuel product, non-road gasoil, was introduced during 2005. Non-road gasoil is technically
the same fuel as diesel oil but has lower taxes and includes a Euromarker to allow monitoring of illegal use.
During 2011 to 2013 the situation changed again. Almost all gasoil is presently sold under the title “sulphur
free gasoil”, which is in practise the same product as non-road-gasoil. In this report, we use the terminology
“non-road-gasoil” to describe the use of gasoil in diesel engines in off-road vehicles and other machinery and
domestic navigation (wherever it is allowed to use lower taxed gasoil instead of higher taxed diesel oil). All
other uses of gasoil (heating, industrial use etc.) are allocated under heating gasoil.

In leisure boats, the use of diesel oil (instead of gasoil) was made obligatory from the beginning of 2008. Table
3.2-14 shows the changes in the allocation of diesel oil, non-road gasoil and heating gasoil used in different
subsectors of the inventory.

Table 3.2-14 The allocation of diesel oil, heating gasoil and non-road gasoil (PJ); numbers include bioshares

PJ (including bio-shares) 1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Road transportation Diesel oil 669 621 765 862 996 1011 1017 10563 1067 1085 1065 1005 1045 994 945
Leisure boats 04 05 ) 04 04 04 04 04 04 04 04 04 03
Domestic navigation _ 44 41

Railway transport 26 26

Off-road vehicles and 204 283

other machinery

Energy production, Light fuel oil 690 634 595 536 441 341 314 332 317 302 286 269 209 331 262
heating, industry (=heating gasoil)

Total gasoil + diesel oil 172.7 161.0 1732 176.9 181.9 1721 1705 1745 1769 1769 1749 1664 171.7 170.0 1559

Bioshares of transport fuels

Increasing amounts of biogenic additives or biofuels are mixed in road transport fuels and some other liquid
fuels (Table 3.2-15). Activity data of blended biofuels for 2002 to 2007 are based on a separate survey made
by Statistics Finland (Energy statistics team). The data includes the amount of blended biogasoline (ethanol),
starting from 2002, as well as blended biodiesel, starting from 2007. Due to the expiration of the periodic
deduction of fuel tax, there was no consumption of bioethanol in 2005 (Ministry of Economic Affairs and
Employment, 2006), but in 2006 bioethanol re-entered the market. The data of other biogenic compounds, like
ETBE (ETBE = ethyl tert-butyl ether, a bioethanol-based gasoline component), are not available for 2002 to
2007, but their shares are estimated to be almost negligible.

The activity data of blended and pure biofuels from 2008 to 2015 was collected by Finnish Customs, data from
2016 to 2020 by Tax Administration and data from 2021 on by Energy authority. These data include the
following biofuels and bio-components?é:

e Bioethanol, BTL-gasoline, bioshares of ETBE, TAEE and tHXEE

o Biodiesel and synthetic renewable diesel (mostly BTL-diesel, bioshare of FAME)

e Biogasoil mixed in the non-road gasoil (mostly BTL-diesel, bioshare of FAME)

FAME is produced from glyceride and methanol. The end product contains fossil carbon if the methanol is
produced from a fossil fuel (e.g. natural gas). Fossil content of FAME has been taken into account. Fossil share
has been included in fossil diesel, correspondingly fossil shares of ethers have been included in fossil gasoline.

Time series on biogas (CBG) use in transport starting from 2002 are available in the Energy statistics. Use of
LBG started in 2017.

The consumption of biofuels was originally included in the total sales data of gasoline, diesel oil and gasoil
which was prior 2018 received from Petroleum and Biofuels Association both for the LIPASTO system and
for the ILMARI system. Since the operation of Petroleum and Biofuels Association ended in 2018, Statistics
Finland has been responsible for this oil statistics data collection. Shares of biofuels are calculated in the

18 TAEE = tertiary amyl ethyl ester, THXEE = tert-hexyl ethyl ether, BTL = biomass to liquid,
FAME = fatty acid methyl ester
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ILMARI system by Statistics Finland based on data received from Finnish Customs, Tax administration and/or
Energy authority.

Calculations in LIPASTO transport submodels are performed using total fuel consumption data, including
biofuels. In the LIPASTO system, the CO emission data include only fossil emissions; thus CO, emission
factors are defined to include the fossil share of total fuel mix.

After the LIPASTO data are imported to the ILMARI system (see Section 3.1.4), the fuel consumption data
are split to fossil and biogenic parts using calculated bioshares. Biogenic emissions are from 2008 onwards
allocated to the transport and machinery subcategories according to the consumption of these fuel types. CO»
emissions are calculated separately in the ILMARI system for fossil parts and biogenic parts of transport fuels.
All other emission components in the Transport sector are based on the LIPASTO models and split to fossil
and biogenic parts according to energy (TJ) shares.

From 2013 until 2020 the bioshare of gasoil was at a very low level (0.1 to 0.2%). Because the share was so
low, we decided to allocate this bioshare into road transport (diesel oil) instead of non-road use. By this way
we could avoid the disappearance of very small figures in disaggregated data due to roundings. Distribution
obligation of biofuel oil started in 2021. The bioshare of gasoil was 4.2% in 2023 both in transport and heating.

In 2023 bioshares of gasoline and diesel oil were 11.1% and 18.6% respectively (calculated from TJ). The
share of biogas (incl. LBG) in transport and non-road machinery gas consumption was 26% in 2023. (Table
3.2-15 and Figure 3.2-8)

The CO, emission factors for biogenic components of gasoline and diesel oil are based on the stoichiometric
C-contents of 52% for bioethanol (C;HsOH) and 85% for biodiesel (C1sHss); these give respectively 1.913 t
COa/t of bioethanol and 3.12 t CO2/ t of biodiesel. Emission factor for bioethanol (per mass unit) has been used
for all types of bioadditives in gasoline, and correspondingly EF for biodiesel have been used for different
types of biodiesel (HVO and FAME). Emission factors per TJ in Table 3.2-4 have been calculated using NCVs
and shares of different biocomponents in gasoline and diesel oil (see also Section 3.2.5.4). For biogas used in
transport, the same CO-, EF (56.1 t/TJ) has been used as for other uses of biogas.
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Table 3.2-15 Amount of biocomponents in liquid fuels, amount of biogas and avoided fossil CO,, 2002 to
2023 (TJ)

Non-road Heating Avoided fossil
Gasoline Diesel oil gasoil gasoil Biogas  CO,, kt
2002 33 NO NO NO 0.01 2
2003 176 NO NO NO 0.07 13
2004 186 NO NO NO 0.07 14
2005 NO NO NO NO 0.07 0.004
2006 34 NO NO NO 0.11 3
2007 71 5 NO NO 0.22 6
2008 2704 473 NO NO 0.29 232
2009 3209 2 456 393 544 1 484
2010 3040 2605 878 713 2 531
2011 3881 4 564 670 641 3 716
2012 4034 4 317 258 231 3 648
2013 2943 6789 IE NO 4 706
2014 3082 17 859 IE NO 7 1523
2015 2899 18 027 IE NO 6 1524
2016 3008 4 541 IE NO 8 547
2017 3586 12 929 IE NO 14 1205
2018 3738 11775 IE NO 4 1134
2019 3918 14178 IE NO 65 1323
2020 4144 12612 IE NO 171 1230
2021 4998 23212 1244 925 222 2230
2022 5222 17714 1461 1300 356 1893
2023 6006 17 617 1543 1047 373 1931
IE = included in diesel oil
40%
30% — diesel oil*
%’ gasoline
é 20% gas
gasoll
10% e t0tal bioshare**
0%
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2023
2.0 mdiesel oil*
8N mgasoline
; 15 W biogas
E. non-road gasoil
o 10
2
T 05
|||I|"I"" |
0.0 - —— T

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2023

* Minor bioshares of non road gasoil have been included in diesel oil from 2013 to 2020.
** Total bioshare of diesel, gasoline, gas and gasoil in transport (1.A.3) and non-road machinery

Figure 3.2-8 Bioshares in transport and non-road machinery fuels and avoided fossil CO, emission
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3.2.5.3 Civil aviation

Emissions from civil aviation include all domestic civil aviation: jet and turboprop powered aircraft (turbine-
engined fleet in air transport) and piston engined aircraft (mostly general aviation). Helicopters are not included
in the calculations of civil aviation as a separate category due to the small number of flights and lack of
emission factors. However, the fuel consumption of helicopters is included as part of sector 1.A.5 (part of jet
fuel consumption).

The share of the emission from civil aviation of total emissions in the transport category was 1.4% and the
amount of the emissions was 0.14 Mt CO; eq. in 2023. These emissions decreased 2% compared to 2022. In
1990, the emissions were 0.39 Mt CO; eg. See Figure 3.2-9 and Table 3.2-16.

The variations in fuel consumption and emissions are caused by the variations in the number of flights, flight
hours and aircraft fleet. The economic recession in the early 1990s decreased the number of flights. In the late
1990s, the demand on domestic air transport and the number of commercial flights increased. During the 2000s,
the overall emission trend has been decreasing, partly due to renewed fleet and partly due to the recession that
started in 2008. In 2013 to 2016, the emissions were almost at the same level, 50% below the 1990 emissions.
From 2017 to 2019 some increase can be seen, as the number of flights has started to increase. The years 2020
and 2021 are exceptional as the number of flights dropped due to COVID-19 pandemic. In 2022 and 2023
emissions are still below the emission level in 2019.
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Figure 3.2-9 Emissions from domestic civil aviation (Mt CO; eq.)

Table 3.2-16 Emissions, fuel consumption and number of flights or flight hours by fuel type in the Civil
Aviation (1.A.3.a) sector

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Civil aviation, emissions, Mt CO,eq. 0.39 026 0.38 030 023 018 018 018 019 022 021 009 008 014 0.14
Aviation gasoline

Fuel consumption, PJ 0.11 0.08 008 0.04 004 003 003 002 002 003 003 003 003 0.02 0.03
Flight hours (general aviation) - - - 52662 51104 39097 33964 26448 25923 35005 31117 32692 36435 26585 30 100
Jet kerosene

Fuel consumption, PJ 515 351 511 409 3.07 245 242 246 261 292 285 119 107 185 1.81
Number of flights (air transport) - - - 67857 57203 44349 43185 42014 42618 44488 43503 18633 18800 27 053 27 135

number of fights and flight hours notavailable for 1990-2004.
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Methods

From 2005 on jet fuel and emission data for domestic aviation (jet and turboprop engines) have been taken
from Eurocontrol calculation system (see description Eurocontrol, 2018). The methods for calculating CO>
emissions from turbine-engined fleet are comparable with the IPCC Tier 2 level.

Emissions from domestic aviation from 1990 until 2004 and partly until 2008 have been calculated by the
ILMI calculation model maintained by Finavia. The results from ILMI (fuel consumption of jet fuel and
aviation gasoline and emissions of air pollutant emissions) have been used for the years 1990 to 2004 (see
description of ILMI model below). From 2010 on Finavia has not performed the calculations and ILMI model
has not been updated since then (see also Section 1.2.1.2). Therefore we decided to use Eurocontrol data for
jet and turboprop engines starting from 2005, as described above.

Calculation of piston-engined aircraft (using aviation gasoline) continued using ILMI results for 2005 to 2008,
corrected with changes in flight hours for later years. Eurocontrol data could not be used here, because the
system covers only a small portion of piston-engined flights. The methods for calculating CO,, CH4 and N.O
emissions from piston-engined aircrafts are estimated to be comparable with the IPCC Tier 1 level method for
whole time series. In this method (Vol 2, Eq.3.6.1) emissions are calculated by multiplying fuel consumption
data with emission factors (separate CH4 and N2O emission factors have been used for LTO and cruise).

The description of the ILMI model

Energy consumption of civil aviation within the Finnish Flight Information Region (FIR) have been calculated
using the ILMI calculation model from 1990 to 2004 and for aviation gasoline also from 2005 to 2008 (Figure
3.2-10, Savola M. & Viinikainen M., 1995, in Finnish only). The model also includes calculation of air
pollutants but the model has not been updated since 2009. Therefore, greenhouse gas emissions are calculated
separately from the model in order to comply the requirements of the 2006 IPCC Guidelines and to ensure
time series consistency. The model is meant for emission studies on jet and turboprop powered aircraft
(turbine-engined fleet in air transport). Furthermore, it includes a simplified routine for estimating emissions
from piston-engined aircraft (mostly general aviation). The ILMI model has been prepared and maintained
until 2009 by Finavia and the data have been fed to the ILMARI system (see Section 3.1.4).

In the ILMI model, each flight operation is divided into the following flight segments: taxi in, take-off, climb-
out, cruise, descent, approach, taxi out. Only the flight segments and flight time within the Finnish FIR are
included. 1t means that the full length of domestic flights is covered, but international flights and overflights
are not (only the parts within the Finnish FIR). Domestic and international flights and overflights are shown
separately in the summary results. The emissions from domestic flights are reported under CRT 1.A.3.a. The
emissions from international flights, such as they are included in the ILMI model, do not follow the definition
of bunker fuels in 2006 IPCC Guidelines (the coverage of flight segments is different). Therefore, the
emissions from International bunkers are calculated separately (see Section 3.2.2).

In the ILMI model fuel burn is calculated separately for each aircraft type assuming fixed and representative
aircraft type and engine type pairs, more detailed information of engine type of all turbine engined fleet are
not available or applicable for the model. The model contains approximately 140 aircraft and jet engine pairs
and 90 aircraft and turboprop engine pairs.

The calculation is based on traffic statistics and aircraft performance data of each flight segment from the
ICAO (International Civil Aviation Organisation) database (Engine Emission Databank).

The fuel consumption per flight segment (fs) is calculated by the formula:

FUEL BURN per fs = FF per fs * FLIGHT TIME per fs * NUMBER OF ENGINES

The methodology for assessing fuel burn from general aviation (piston engine aircraft) is different from the
one used for air transport. It is based on the statistics of total flight hours annually published by the Finnish

Civil Aviation Authority. The fuel burn is generalised for two typical reference aircraft types only. Therefore,
the results are not as reliable as for air transport.
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Air transport (jet and turboprop powered aircraft, turbine engined fleet)

Finavia's traffic database

- Type of aircraft

- Take-off and landing airport
- Airline company

- Flight time

- Number of identical flights

L

CALCULATION SOFTWARE

- Compilation of data
- Calculation of fuel consumption by flight segments for every flight
- Addition of flight based results

Engine and performance data Emission and fuel flow factors (ICAO)
(engine and aircraft manufacturers) - Type of engine

Turboprop and jet aircraft - Factors with different power settings
- Type of engine

- Weight of aircraft
- Power settings during different segments of flight
- Duration of flight segments of different aircraft

General aviation (piston engined aircraft)

- Flight hour statistics (published by Finnish Civil
Aviation Authority)

- CO; according to fuel type and calculated fuel
consumption

ILMI results used in the greenhouse gas emission calculation
- Fuel consumption

Figure 3.2-10 Calculation of jet fuel consumption data in the ILMI calculation model (inventory years 1990
to 2004)

Activity data

Jet fuel consumption data in civil aviation is taken from the ILMI model for 1990 to 2004. From 2005 on data
is received from Eurocontrol separately for LTO and cruise. Aviation gasoline consumption data are taken
from the ILMI model from 1990 to 2008 and calculated based on flight hours from 2008 on.

As regards to Eurocontrol fuel consumption data, for the LTO cycle average fuel consumption data are
assumed for each combination of aircraft type and type of engine. For the cruise phase the masses of fuel burnt
are calculated by flight segment basis. In this Eurocontrol method best estimate of the 4D trajectory for every
EU-28 flight during the year exists. Then, the mass of fuel burnt during the LTO and cruise phases of every
EU-28 flight are calculated by processing the trajectories with advanced emission model (AEM) (Eurocontrol,
2018).

In the ILMI model the traffic data for calculating the air transport were taken from Finavia’s database for the
calculation year for years 1990 to 2004. The database was adopted to serve as a source of flight data for
statistics and also for charging the airlines for airport and air navigation services. Some of the information
came electronically from the airlines; some was fed into the system manually at the airports. Calculation of
fuel consumption data in the ILMI model is described in section ‘Method’.

Emission factors and other parameters

Emission factor for N2O (2 kg/TJ) is from the 2006 IPCC Guidelines (Volume 2, Table 3.6.5) for both jet fuel
and aviation gasoline and for LTO and cruise. The emission factors for CH, are also taken from the mentioned
table. For jet fuel cruise mode CH. emissions are assumed to be negligible. For LTO cycle emission factor 5
kg/TJ is used. The same factors are used for aviation gasoline.

CO; emission factors are country-specific (see Table 3.2-4: jet fuel 73.2 g/MJ and aviation gasoline 71.3 g/MJ).
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Uncertainty assessment and time series’ consistency

Quantitative estimates of uncertainty are provided in Annex 2. The annex also documents assumptions made
for the analysis.

A summary of the uncertainty analysis methodology used in the inventory is given in Section 1.6. The Monte
Carlo simulation has been used to combine the uncertainties of each calculation parameter in order to get the
total uncertainty of the category.

Consistency of fuel consumption data between the two models (ILMI and Eurocontrol) has been studied.
Before switching to using Eurostat jet fuel data, both data sets for 2005 to 2008 were compared. The results
were fairly close, with a 3 to 10% difference. The result was expected because the latest changes in the fleet
had not been fully updated to the ILMI system. After this comparison, it was decided that Eurostat jet fuel data
could be used starting from 2005.

Category-specific QA/QC and verification

Jet fuel and aviation gasoline consumption data are summed up in the ILMARI system with other user’s
estimated consumption and the calculated totals are compared with total sales of these fuels. Also comparisons
have been made to EU ETS aviation sector data. The differences were expected, taking into account slightly
different coverage of flights and different set of operators (only data on domestic operators’ flights were
available from EU ETS).

Category-specific recalculations

Years from 2018 to 2022 were recalculated due to Eurocontrol taxi data changes (+ 1.9 kt COz eq. in 2022).

Category-specific planned improvements

There are no category-specific planned improvements.

3.2.5.4 Road transportation

Road transportation (CRT 1.A.3.b) covers all transportation on roads in Finland except farm and forest tractors
and ATVs (all-terrain vehicles) driving occasionally on the roads (their emissions are included in emissions of
off-road vehicles) or military vehicles. Types of vehicles with combustion engines are cars, vans, buses and
coaches, lorries and articulated vehicles, motorcycles and mopeds. Vehicle type data of road transportation in
the ILMARI system is aggregated due to the procedure for handling of differences in data between LIISA
model and Energy Statistics. Therefore emissions and activity data from categories 1.A.3.b.ii, 1.A.3.b.iii and
1.A.3.b.iv are included in category 1.A.3.b.i (see also Sections 3.1.4 and 3.2.5.2). More disaggregated
information provided in the NID are taken from the LIISA model.

Road transportation is the most important emission source under the Transport category. The emissions of road
transportation were 9.4 Mt (CO- eq.) in 2023; that was 95% of the transport emissions and 22% of the total
emissions. Compared to 2022, emissions decreased 4%, mainly due to decrease in kilometrage and fuel
consumption of vehicles with combustion engine. Emissions were 11.1 Mt (CO; eq.) in 1990. Emissions in
2023 were 19% lower than in 1990 (Figure 3.2-11).

The road transport emissions decreased strongly in early 1990s due to an economic depression causing a
decrease in the road transport kilometrage. The emissions stabilised in 1994 but in 1997 a new decade long
period of growth started due to yearly increasing kilometrage. The 1990 level of emissions was reached by
1999.
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From

2008 onwards, the emissions have decreased due to many simultaneous different factors, both societal

and legislative.

Emissions, Mt CO, &g

- Economic depression in 2008 and the COVID-19 pandemic in 2020 and 2021 and strong
fluctuations in fuel prices in 2022 have decreased kilometrage and thus emissions as well. The
total kilometrage of road transport remained stable, increasing by 0.1% from the previous year
in 2023. However, the increasing proportion of BEVs and PHEVSs in the vehicle fleet in service
is gradually starting to have a more significant impact on overall emissions.

- The fuel consumption of cars has started a continuous steady decrease trend due to the CO,
limits set to the car manufacturers by the EU.

- In 2010s, biofuels have lowered the CO, emissions. The bioshare in diesel oil has varied
annually (Figure 3.2-8) and caused fluctuations in the annual emissions. This is due to Finland’s
biofuel legislation which allows the distributors to fulfil the bio-obligation flexibly in advance
(e.g. in years 2014 and 2015). While gasoline has a technical limit for the maximum ethanol
blend diesel has no technical limit for HVO blending, which is used to fulfil the bioshare
obligations. The bioshare of diesel oil calculated from TJ has been at the highest in 2021
(22.1%). In 2023 the bioshare was 18.6%.
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Figure 3.2-11 Emissions from road transportation by types of vehicle (Mt CO- eq.) (LIISA Model)
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Figure 3.2-12 CO; emissions per kilometre (LIISA Model)

The economic recession of the early 1990s in Finland may perhaps explain why road traffic emissions did not
increase as rapidly in Finland as in other Annex | countries, consumption actually fell from 1990 onwards
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(Figure 3.2-13). Diesel consumption started to increase again from 1995, but gasoline consumption has
decreased, on average, by 1 PJ per year since the 1991 record-high level.
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Figure 3.2-13 Consumption of diesel oil and gasoline (including bioshares) in road transportation in 1990 to
2022 (Energy Statistics, Statistics Finland).

Methods

Emission estimations from road transportation are made using the road traffic emission model LIISA, which
is a part of the model for all transport modes, LIPASTO of VTT Technical Research Centre of Finland Ltd.
The calculations comprise the emissions of CO,, CH4 and N2O. The same model is also used for the calculation
of SO, CO, NMVOC, NO; and PM emissions.

N2O emission factors comply with both 2006 IPCC Guidelines and EMEP/EEA 2023 because the factors are
the same in both documents. CH4 emission factors comply with EMEP/EEA 2023 where factors are based on
emission factor database HBEFA (The Handbook Emission Factors for Road Transport). Factors are basically
the same as in 2006 IPCC Guidelines but in EMEP/EEA 2023 the emissions are speed dependent thus differing
somewhat from 2006 IPCC Guidelines. In addition, EMEP/EEA 2023contains factors for newer emission
standard vehicles than 2006 IPCC Guidelines. Calculation of the CO, emissions is based on fuel consumption
of road vehicles and country-specific emission factors. The calculation model is described in Appendix_3a at
the end of Chapter 3. The definition of consumption of fuel at country level is based on fuel sales. The main
fuels for Road transport in Finland are reformulated gasoline and diesel oil. Besides road transport use, the
gasoline is also used in working machines and leisure boats. Diesel oil is used in road transport and leisure
boats. Hence, the amounts of fuels used for other purposes than road transport are deducted from the total sales
of fuels before the emission calculation (see Section Activity data). The amount of fuel imported in fuel tanks
of vehicles from other countries is estimated to be small. The use of natural gas in road traffic in Finland is
quite small.

N>O and CH.emissions are based on kilometrage data (km/a) and calculated for gasoline and diesel vehicles
separately. The kilometrage (km/a) of each automobile type and model year on different road types and in
different speed classes are multiplied with the corresponding CH4 and N2O emission factors (g/km). Finally,
all emissions are summed up. The calculation model is described in Appendix_3a at the end of Chapter 3.

The kilometrage [km/a] data for automobiles consist of two main categories: kilometrage on public roads
(roads governed by the Finnish Transport Infrastructure Agency®®) and kilometrage on streets (governed by
municipalities).

19 The Finnish Transport Agency is from 1 January 2019 the Finnish Transport Infrastructure
Agency (in Finnish, Vayl8)
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Automobile kilometrage on public roads consists of aggregated kilometres driven by five vehicle types (cars,
vans, buses and coaches, lorries and articulated vehicles) in six speed limit classes (50, 60, 70, 80, 100 and 120
km/h). The model uses municipality-level data which allow detailed calculations to be performed on smaller
areas than the country. For nation-wide calculations the kilometrage is summed up.

Street kilometrage is based on a total kilometrage estimation made by the Finnish Transport Infrastructure
Agency and crosschecked by the studies made at inspection stations. The estimated street kilometrage data are
further divided into street types (main street, collector street, residential street, local plan road) based on
information from traffic calculations in some cities.

Both public road and street mileage are divided according to the vehicle technology for every vehicle type:
vehicles with/without catalytic converters, diesel, and gas (CNG). Part of the diesel technology vehicles (light
and heavy-duty vehicles) use SCR technology to lower NOx emissions by means of urea solution (AdBlue).
The consumption of AdBlue is calculated separately for each vehicle category and reported in the subcategory
2.D.3 (See Section 4.5.4). The division of kilometrage by vehicle types and technologies is done by an ALIISA
model, which is a vehicle fleet model and submodel to LIISA. The ALIISA model has 45 different vehicle
types including gasoline, diesel, FFV (Flexible-fuel vehicle), ED95 (ethanol-diesel vehicle), gas, PHEV (plug-
in hybrid electric vehicle), BEV (battery electric vehicle) and FCEV (fuel cell electric vehicle, hydrogen).
Besides kilometrage, the ALIISA model comprises data on vehicle sales, fleet, fuel consumption, biofuels,
energy and CO, emissions. The ALIISA model ensures that all foreseeable technologies can be included in the
emission calculations. Furthermore, kilometrage is divided according to vehicle age (model year) thus defining
the emission standard (Euro class).

Motorcycle, moped and diesel microcar (light quadricycle) kilometrage is specified in a separate model using
the number of motorcycles, mopeds and microcars (from Statistics Finland) and estimation of annual
kilometrage of each vehicle type on two road types (roads and streets). Mopeds have only one engine type but
kilometrage is further divided according to different emission standards (Euro 0 to Euro 5). Motorcycles have
two main type of engines, two-stroke and four-stroke. Kilometrage is divided into these main types and further
to three engine volumes (under 250 ccm, 251 to 750 ccm and over 750 ccm) and according to emission
standards (Euro 0 to Euro 5). Diesel microcars (light quadricycles) are using diesel technology and the
emission standards are Euro 2 to Euro 5.

For each automobile type, the cold driving emissions and fuel consumption surplus are calculated according
to the EMEP/EEA emission inventory guidebook 2019 (EMEP/EEA GB2019).

Activity data

The activity data in CO- calculation are the amount of fuel consumed in road traffic. Total fuel sales are from
statistics compiled by the Finnish Petroleum and Biofuels Association until 2018 and Statistics Finland from
2018 on. These data are compared to and supplemented with the data received from Tax administration. Unlike
in many parts of Europe, where through traffic is heavy, in Finland, national fuel sales correspond well with
the fuel used in Finland. Gasoline used in road transport in Finland was 49.7 PJ and in leisure boats and working
machines 4.2 PJ (7.8% of total sales) in 2023. Diesel fuel used in road transport was 94.5 PJ and in leisure
boats 0.3 PJ (0.4% of total sales). Biodiesel and biogasoline are included in these figures.

The amount of gasoline and diesel used in other purposes than for road transportation is deducted from the
total sales of gasoline and diesel. Emissions from gasoline used in working machines are calculated with the
TYKO model (See Section 3.2.5.7). Emissions from gasoline and diesel used in leisure boats are calculated
with the MEERI model (See Section 3.2.5.6).

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

For activity data for N,O and CHjy calculations, the Finnish Transport Infrastructure Agency has provided the
kilometrage [km/a] on public roads as a database. Further division to subcategories is done at VTT. Data for
total street kilometrage in Finland are obtained from the Finnish Transport Infrastructure Agency. Further
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division is made at VTT. Division of kilometrage to subcategories is based on vehicle fleet data from Statistics
Finland and the vehicle fleet model ALIISA at VTT, street kilometrage systems of the cities of Helsinki and
Espoo and population data of the cities.

The motorcycle, moped and microcars kilometrage is specified in a separate model (submodel to LIISA) using
the number of motorcycles, mopeds and microcars (from Statistics Finland) and an estimation of the annual
kilometrage of each vehicle type on two road types (roads and streets).

Road traffic kilometrage in Finland in 1990 to 2023 is presented in Table 3.2-17.

Table 3.2-17 Road traffic kilometrage in Finland [Million km/a] (LIISA)

H MC+M +
Light duty eavy duty MC+Mopeds

Year Cars trucks and Diesel Total
trucks .
buses microcars

1990 35757 3593 3440 448 43 237
1995 34 740 3743 3272 447 42 203
2000 38699 4266 3412 556 46 934
2005 41195 4676 3732 781 50 385
2010 40991 5136 3835 1045 51007
2011 40682 5145 3906 1131 50 864
2014 41064 5306 3974 1205 51549
2015 40603 5488 4026 1220 51337
2016 40 682 5511 4128 1226 51547
2017 40528 5608 3999 1225 51 361
2018 40537 5686 4022 1194 51440
2019 40 446 5720 3937 1154 51258
2020 38602 5655 3771 1125 49152
2021 37 841 5758 3733 1115 48 447
2022 36 797 5560 3659 1092 47109
2023 35999 5 541 3483 1072 46 095

note: figures do not include kilometrage of battery electric vehicles (BEV) and kilometres driven using
electricity in plug-in hybrid electric vehichles (PHEV).

The source of the number, types and age of vehicles is the Finnish Transport Register (data obtained from
Statistics Finland, the Finnish Transport and Communications Agency maintain the register, Traficom).

The activity data for natural gas, LNG, LBG and biomethane used in road transport are taken from Energy
Statistics. Information about bioshares of transport fuels can be found in Section 3.2.5.2.

Emission factors and other parameters

Emission factors are determined for all the activity categories mentioned above. Country-specific CO2emission
factors are shown in Table 3.2-4. They differ slightly from those in the 2006 IPCC Guidelines. CO, emission
factors, as well as densities and NCVs for transport fuels have been estimated by Statistics Finland, based on
product data received from refineries and the most important oil product importers.

Country-specific net calorific values and CO, emission factors are shown in Table 3.2-4. That table includes
separate data for fossil and biogenic shares of blended liquid fuels.

CO, emission factors for biogenic additives and transport fuels have been discussed in Section 3.2.5.2.
Emission factors for CH4 and N2O are based on the EMEP/EEA 2023 report. Cold driving has been taken into
account in defining the final factors following the methodology outlined in EMEP/EEA GB2019.

EMEP/EEA GB2023 includes emission factors for microcars (L6e-B light quadri-mobile, moped cars). The

separate factor file “1.A.3b.i-iv Road Transport Appendix 4 Emission Factors 2023” has the right emission
factors under the name diesel microcar which are now used in the model.
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The same CH,4 and N2O emission factors are used for the fossil and biogenic shares of the same fuel type.

Uncertainty assessment and time series’ consistency

Quantitative estimates of uncertainty are provided in Annex 2. The annex also documents assumptions made
for the analysis.

A summary of the uncertainty analysis methodology used in the inventory is given in Section 1.6. The Monte
Carlo simulation has been used to combine the uncertainties of each calculation parameter in order to get the
total uncertainty of the category.

The activity data for fuels used in road transportation are very accurate due to accurate total fuel sales statistics.
For the purposes of the uncertainty estimate, road transportation is divided into gasoline, diesel and natural gas
driven vehicles. For the estimation of N,O emissions, gasoline driven cars are divided into cars with and
without catalytic converters.

Emissions of CH, and N2O depend on driving conditions and hot and cold start-ups, for example, and vary
greatly during the driving cycle and between different vehicles. Emission estimates also depend on the vehicle
kilometrage estimates and are, thus, more uncertain than CO, emissions. CH4 emission factors are estimated
to contain uncertainty of around +60%.

N,O emissions vary more than CH, emissions and are highly dependent on the type and age of the catalytic
converters used. N2O emission factors are estimated to contain uncertainty of 150%.

The properties of fuels and hence the CO, emissions factor change over time. In some cases, small annual
changes are identified and taken into account only afterwards, e.g. when measurements become available on
the impacts.

Category-specific QA/QC and verification

The quality management process and the QA/QC plan for the whole inventory are presented in Section 1.5.
The QA/QC plan for the transport sector includes the QA/QC measures based on 2006 IPCC Guidelines. These
measures are implemented every year during the transport sector inventory. Potential errors and inconsistencies
are documented and corrections are made, if necessary. A bilateral quality meeting is held annually between
the inventory unit and the sectoral expert.

Total diesel oil and gasoline consumption taken as a sum from the LIPASTO transport submodels is annually
compared with total fuel sales data taken from the Energy Statistics. Only small differences (average between
2014 to 2023 -0.1% and between 1990 to 2013 -0.6%) have been identified (see also Section 3.2.5.2). Reasons
for larger differences have been explained and necessary updates are made to the inventory figures and to the
LIPASTO submodels in order to ensure consistency between ILMARI system, energy statistics and LIPASTO
models.

Category-specific recalculations

The speed-dependent emission and energy consumption factors were updated into the LIISA-models according
to EMEP/EEA 2023 and it’s appendix (1.A.3.bi-iv Road Transport Appendix 4 Emission Factors 2024) and
years 20152022 were recalculated. The emission factor updates were also done to the submodel MP-LIISA
and L-category was recalculated for 1990-2022. Errors found in gas consumption figures for gas powered
articulated trucks were corrected. According to newer estimates, minor adjustments were made to the amount
of FFV vehicles and to the relative share of driving on electricity for plug-in hybrid vehicles. The average fuel
consumption of vehicles with various power sources was recalibrated so that the calculated total consumption
better matches the statistics on different fuels sold for road transport.
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Also, part of the biogas previously reported in road transportation was changed as fossil gas due to information
received from energy statistics concerning biogas guarantee of origin. This resulted recalculation for years
2009 to 2022 (43 kt CO- eq. in 2022) and also was reflected to sector 1.A.5.a.

Category-specific planned improvements

There are no category-specific planned improvements.

3.2.5.5 Railway transportation

Railway transportation is a minor emission source in the transport sector. The emissions of railway
transportation were 0.06 Mt (CO- eq.) in 2023, which was 0.6% of the transport category’s emissions.
Emissions decreased 5% from the previous year. The emissions were 0.19 Mt (CO; eq.) in 1990 (Figure
3.2-14). Greenhouse gas emissions from diesel trains have decreased since 1994, because the electrification of
railway lines has progressed and transportation in minor, non-electrified railway lines has ceased. The
recession and the rapid restructuring in Finland’s forest industry significantly reduced freight carryings on rail
in 2008 and 2009. There was a decrease to a lower transport volume level in 2015 due to the economic situation
in Finland and Russia. Since, the situation has stabilized with minor fluctuations. In 2022, transport activity
(gross tonne kilometres) reduced substantially especially in diesel-powered freight transport (-15%) mainly
due to the economic sanctions against Russia. This trend continued in 2023, with freight transport decreasing
by 11% while passenger transport activity increased by 3%. Overall, total rail transport activity fell by 6%
between 2022 and 2023.
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Figure 3.2-14 Emissions from railway transportation (Mt CO- eq.)

Methods

In Finland, railway emissions are calculated using the RAILI model developed by VTT Technical Research
Centre of Finland Ltd. Gross tonne kilometres for each train and locomotive type and rail section (in total 602
sections) are used as activity data. Activity data is needed in determining the regional emissions and in the
detailed calculation of consumption of trains by weight category. Fuel consumption of a train is calculated by
multiplying activity data with the specific fuel consumption of the locomotive. In Finland there are three
railway operators. The calculated fuel consumption figures are calibrated to be consistent with the total
reported consumption by the operators. This ensures that the consumption results are consistent with the reality.
Calibration is particularly important as the specific consumption figures for new locomotive types can only be
obtained from the technical specifications given by the manufacturers.

The amount of fuel used is calculated separately for passenger transport, freight transport and locomotives
without wagons, and for rail yard operations. To include the mobilisation time of the fleet, preparation and

finishing times, extra transfer, wagon heating and use of aggregates for electricity production the amount of
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fuel is multiplied by factors defined by VR-Group Ltd (the main operator in Finland). In Finland, all diesel
locomotives use gasoil for non-road use, which is technically the same product as sulphur free diesel oil.

In general, emissions are calculated by multiplying the amount of fuel used (kg) with the specific emission
factor (g/kg fuel). In the RAILI model the relevant emission compounds are CO, HC, NOx, PM, SO;, CHa,
N.O, CO; and thereto fuel consumption and energy usage. Time series of the model results are available for
1990-2050. For national purposes, also the energy use of electric trains is calculated. The formula for diesel
trains in the RAILI model is described in Appendix_3a at the end of Chapter 3. The calculation method is
consistent with the 2006 IPCC Guidelines (corresponds to the Tier 2 level method).

Activity data

The activity data in the RAILI model consisting of gross tonne kilometres of all operators is collected by the
Finnish Transport Infrastructure Agency (the national authority) and stored in their database. In detail, the
gross tonne kilometre data used in the RAILI model is segregated by the operator, train type, locomotive type
(5 diesel locomative types), train weight (10 weight categories) and gross tonne kilometres hauled by rail
section (in total 602 rail sections). Also, information on locomotives driving without wagons is included.
Shunting locomotive use (by VR-Group Ltd) is expressed as time (h/a) in all rail yards. In addition, railway
operators’ reports on their fuel consumption are essential for the calibration (described above).

In the calculation of CO, emissions from railway transportation terajoules (TJs) received from RAILI model
have been used as activity data. Gasoil consumption in railway transportation in Finland is presented in Table
3.2-13.

Emission factors and other parameters

The specific fuel consumption of locomotives of the largest operator, VR-Group Ltd, has been defined by
measuring the actual fuel consumption of locomotives hauling trains of different weights. The specific
consumption of locomotives of the two new operators, Fenniarail and Operail, was defined based on the total
consumption of the first year of their operation, in 2017 and 2020 respectively, and the gross tonne kilometres
hauled.

In the calculation of CO, emissions from railway transportation terajoules (TJs) received from the RAILI
model have been used as activity data. The country-specific CO, emission factor follows Table 3.2-4 (Gasoil
for non-road use, 73.1 g/MJ in 2021).

In 2023, the bio share of gasoil was 4.2% for all users.

CH. emission factors have been taken from IPCC 2006 Guidelines. N,O EFs have been chosen based on an
expert estimate to get consistent time series and comparable results to other relevant subcategories of mobile
sources (non-road machinery, domestic navigation, fishing boats, etc.), which are basically using the same
kind of diesel engines and the same type of fuel (non-road gasoil). The N2O emission factor for wagon heating
(0.0071 g/kg fuel) is derived from U.S. EPA (2010) (residential furnace).

Emission factors other than CH4 and N.O for the new operators (Fenniarail and Operail) are based on the
information of locomotive manufacturers that they meet the Stage 111 A level.

Uncertainty assessment and time series’ consistency

Quantitative estimates of uncertainty are provided in Annex 2. The annex also documents assumptions made
for the analysis. A description of the uncertainty analysis is included in Section 1.6.

A summary of the uncertainty analysis methodology used in the inventory is given in Section 1.6. The Monte

Carlo simulation has been used to combine the uncertainties of each calculation parameter in order to get the
total uncertainty of the category.
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All non-electric locomotives in Finland use gasoil as fuel. As the fuel quality is rather constant and carbon in
the fuel is nearly completely oxidised, uncertainty in CO2 emissions is estimated to be low. This was also
shown in a measurement project of Kymenlaakso Polytechnic (Korhonen & Maatténen, 1999). In the current
inventory, CO; uncertainties are estimated at CRT category level 1.A.

Uncertainties of CHsand N,O emission factors are larger than those of CO.. These emissions vary depending
on engine design and maintenance, and the start-ups and shutdowns of the engines are likely to affect
emissions. Uncertainty in the emission factor for CH4 was estimated based on the variation in hydrocarbon
emissions in a measurement project (Korhonen & Maéttanen, 1999). Uncertainty in the N.O emission factor
was based on expert judgement (see Monni et al., 2003) and on uncertainty in emission factors for diesel
engines used for other purposes.

Category-specific QA/QC and verification

The quality management process and the QA/QC plan for the whole inventory are presented in Section 1.5.
The QA/QC plan for the transport sector includes the QA/QC measures based on 2006 IPCC Guidelines. These
measures are implemented every year during the transport sector inventory. Potential errors and inconsistencies
are documented and corrections are made, if necessary. A bilateral quality meeting is held annually between
the inventory unit and the sectoral expert.

The calculated fuel consumption results are calibrated to be consistent with the operators’ yearly consumption
reports. This ensures that the consumption calculations are consistent with the reality.

Statistics Finland crosschecks the fuel consumption data calculated within the RAILI model.

Category-specific recalculations

The CO; emission factor for gasoil was adjusted to take into account the national bio-share of gasoil for the
years 2021 and 2022.

Category-specific planned improvements

There are no category-specific planned improvements.

3.2.5.6 Domestic navigation

Domestic navigation includes the most important domestic waterway transport in Finland: sea-going ships,
icebreakers, working boats, cruisers (sightseeing), ferryboats and leisure boats. Fishing boat emissions are
included in the Agriculture, forestry and fisheries’ sector (CRT 1.A.4.c).

Domestic navigation is a minor emission source in Transport category. The emissions of domestic navigation
were 0.32 Mt (CO; eq.) in 2023, which was 3% of the sector’s emissions. Emissions decreased 7% compared
to 2022 (Table 3.2-12). The emissions were 0.45 Mt (CO; eq.) in 1990. Emissions from domestic navigation
by ship types are presented in Figure 3.2-15.
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Figure 3.2-15 Emissions from domestic navigation by ship types (Mt CO; eq.)

The emissions from leisure boat increased little but steadily from 1990 to 2007. In 2008, two contemporaneous
changes concerning leisure boating took place, namely a significant increase in fuel price and a change in
legislation stating that all diesel driven boats had to use higher taxed diesel fuel instead of lower taxed gasoil.
All this led up to a lower use of leisure boats. In 2021, the second pandemic year, the leisure boating continued
to increase, while cargo vessel traffic continued to decrease. In 2022, the registration numbers of leisure boats
began to stabilize towards the pre-pandemic levels and decreased further in 2023. Before the crisis, emission
from passenger ships showed a stable increasing trend for the whole time series. For cargo vessels the upward
trend since 1990 changed to a downward trend in 2012 due to the prolonged economic downturn. The situation
had stabilized to a lower level with a little increase, until the drop in 2020 due to the crisis. Depending on the
ice conditions at the Baltic Sea, the fuel consumption of icebreakers can vary substantially as can be seen in
Table 3.2-18.

Methods

Calculations of emissions from domestic navigation are made with the waterway traffic emission model
MEERI, which is a part of the model for all transport modes LIPASTO. Calculation comprises emissions of
COz, CH4 and N20O. The same model is also used for the calculation of SO, CO, NMVOC, NO; and PM
emissions. Calculation methods are different depending on the vessel category. The methods are described
below.

In the MEERI model, emissions are calculated by multiplying the amount of energy used (kWh) by the
corresponding emission factors (g/kwWh). However, emissions from icebreakers, working boats, cruisers and
ferryboats are calculated by multiplying the amount of fuel used (kg/a) by emission factors (g/kg fuel). The
methods for calculating emissions from domestic navigation are equivalent with the IPCC Tier 2 method.

The activity data of ships driving in shipping channels outside ports (km/a) are calculated using the number of
port visits and the distances between the ports (km). The total energy use (kWh) is calculated for every ship
type using the data on engine power (kW), engine load (%) and speed (km/h). There are nine different ship
types in the model. Ships are further divided into different engine types (two-stroke and four-stroke). These
are further divided into different emission levels, at the moment from Tier 0 to Tier 2. Ships have seven size
categories. Emissions are calculated based on the fuels ships are using: Heavy fuel oil (HFO), HFO + scrubber,
Marine diesel oil / Marine gas oil (MDO/MGO), Diesel and LNG.

For calculating emissions in ports, the time (h) of manoeuvring and berthing is determined. Using engine power
(kW), engine load (%) and time (h) taken for manoeuvring and berthing, the total energy use in ports (kwh) is
calculated for every ship type. Total emissions are obtained by multiplying the total energy use (kWh) of ships
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by the emission factors (g/kWh) of different engine types (2-stroke and 4-stroke and auxiliary engines)
(9/kwh).

Icebreaker and ferryboat emissions are calculated using total fuel consumption (from operator statistics,
icebreaker consumption from Arctia Shipping Oy and ferryboat consumption from Destia) and corresponding
emission factors.

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

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

Calculation models are described in Appendix_3a at the end of Chapter 3.

Activity data

For the MEERI model, a detailed database on every ship visit in Finnish ports is obtained from the Finnish
Transport Infrastructure Agency. The database contains data on ship type, age, size (GT = gross tonnage),
engine power, speed, engine load, port, previous port, destination, nationality, and trip type
(domestic/international). In the database, the accurate and detailed ship movement division to domestic and
international transportation enables the calculation of domestic transportation based on this data. Ferry traffic
between Finland and Sweden is very frequent. Since 1999, all ferries have put in at the ports of Aland (which
is an archipelago between Sweden and Finland belonging to Finland) but only a very small portion of
passengers on these ferries are actually travelling between the mainland and Aland (e.g. 0.2% of all passengers
using the Helsinki to Sweden lines travel between Helsinki and Aland in 2015). The method used to separate
domestic ferry traffic from international traffic to Sweden is to define domestic ship kilometres according to
the share of passengers travelling to the archipelago of Aland.

Data on total fuel consumption of icebreakers are obtained from Arctia Shipping Ltd.

Data on the total fuel consumption of ferryboats and small ferries are obtained from road authorities
(Ferryboats are used to transport road vehicles across narrow water straits on the public road network and small
ferries are used for transport connections between islands in the Finnish Archipelago). The amount of fuels
used by ship type are described in Table 3.2-18.

The number of working boats is obtained from various official organisations (e.g. customs, sea rescue).
The number of cruisers (sightseeing boats, etc.) comes from the Finnish Transport Infrastructure Agency.

The number of larger leisure boats is received from the Transport Register in the Finnish Transport and
Communications Agency (Traficom), the number of smaller boats (under 20 hp) is an estimation based on a
thorough study made by VTT in 2004. The Transport Register data include information on the type of
engine(s), engine power and age.

The database from the Finnish Transport Infrastructure Agency is analysed to produce power and speed classes
for the ships. In addition, origin-destination matrices are produced using the data.

The Finnish Transport Infrastructure Agency’s database is very accurate and detailed. The Transport Register
is the best available source for boats.

The amount of fuels used (TJ) taken from MEERI have been used as activity data to calculate CO, emissions
of domestic navigation.

April 2025



126

Liquefied natural gas (LNG) data (consumption, import and export) for the energy balance are collected by
Statistics Finland directly from the terminals, from the information on related fuel taxes and from point sources
in energy and manufacturing industries. This, the best available data, is also used for LNG consumption in
domestic and international navigation as activity data.

The Finnish Meteorological Institute has a world leading ship emission model STEAM, where the ship
emission calculations are based on data from AIS (Automatic Identification System) on the entire Baltic Sea.
The detailed results of this model have been used to estimate characteristics of ships, auxiliary engines, speeds
and fuel types.

Table 3.2-18 Amount of fuels used in domestic navigation by ship type, PJ (MEERI)

Leisure Passenger Cargo Working
ships Cruisers Ferryboats Icebreakers
boats . vessels boats
(domestic)

1990 2.25 0.16 0.10 119 1.42 0.27 0.48
1995 2.35 0.12 0.10 1.39 1.27 0.31 0.58
2000 243 0.42 0.15 1.63 1.26 0.29 0.82
2005 240 0.47 0.12 1.24 1.26 0.28 0.98
2010 224 0.34 0.12 1.69 1.27 0.27 1.28
2014 1.84 0.52 0.12 1.15 1.27 0.28 0.49
2015 1.92 0.52 0.09 1.22 1.28 0.31 0.56
2016 1.84 0.54 0.08 1.23 1.27 0.29 0.40
2017 1.83 0.53 0.08 1.33 1.27 0.29 0.57
2018 1.84 0.52 0.08 1.38 1.27 0.27 0.60
2019 1.85 0.51 0.08 1.64 1.27 0.27 0.42
2020 212 0.18 0.08 0.88 1.27 0.27 0.23
2021 2.33 0.23 0.08 0.62 1.27 0.27 0.46
2022 1.92 0.22 0.08 0.60 1.26 0.27 0.67
2023 1.83 0.18 0.08 0.58 1.26 0.28 0.49

Emission factors and other parameters

The CO; emission factors are presented in Table 3.2-4. They are based on national data which differ slightly
from those in the 2006 IPCC Guidelines.

In 2023 bioshares of gasoline and diesel oil were 11.1% and 18.6% respectively (calculated from TJ). The
bioshare of gasoil was 4.2% in 2023.

The CH,4 and N2O emission factors for ships are the IPCC default values for ocean-going ships (2006 IPCC
Guidelines).

The CHsand N2O emission factors for working boats, cruisers, ferryboats and leisure boats are not available
in the 2006 IPCC Guidelines or EMEP/EEA 2019. Therefore, CH, factors are based on EMEP/EEA 2019
locomotive values and N.O on EMEP/EEA 2019 HDV values (see also the description in Section 3.2.5.5).

Uncertainty assessment and time series’ consistency

Quantitative estimates of uncertainty are provided in Annex 2. The annex also documents assumptions made
for the analysis. A description of the uncertainty analysis is included in Section 1.6.

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

In Finland, fuels used in waterborne navigation include residual oil, gasoil and gasoline and starting from 2008,
diesel oil. Diesel oil and gasoline are used mainly by leisure boats. The share of fuels sold for leisure boats is
rather poorly known due to lack of consumer surveys. The use of LNG in navigation started in 2016.

April 2025



127

Uncertainties in CHsand NO emission factors are greater than for CO.. These emissions vary depending on
engine design and maintenance, and the start-ups and shutdowns of the engines are likely to affect emissions.
Measurements done for diesel engines in ships have shown that variation in N,O emissions is larger than in
CH. emissions. Reducing the uncertainty in CH4 and N2O emission estimates would require more measurement
data and more information on the use of engines in ships (frequency of start-ups, shutdowns, etc.).

Category-specific QA/QC and verification

The quality management process and the QA/QC plan for the entire inventory are presented in Section 1.5.
The QA/QC plan for the transport sector includes the QC measures based on 2006 IPCC Guidelines. These
measures are implemented every year during the transport sector inventory. Potential errors and inconsistencies
are documented and corrections are made, if necessary. Also, a bilateral quality meeting is held annually
between the inventory unit and the sectoral expert.

Statistics Finland crosschecks the fuel consumption data calculated within the MEERI model. Gasoline, gasoil
and heavy fuel oil consumption data taken from MEERI are summed up in the ILMARI system with other
user’s estimated consumption and the calculated totals are compared to total sales of these fuels.

The results of STEAM model mentioned above have been used to verify the emission calculation of the MEERI

model. Also, ship emission experts from the Finnish Meteorological Institute (Dr. Jukka-Pekka Jalkanen,
February 2014) have been used to verify the calculation methods of the MEERI model.

Category-specific recalculations

No recalculations were done in this category.

Category-specific planned improvements

No sector-specific improvements are planned.

3.2.5.7 Other transportation

Emission sources of other transportation include pipeline transport (fuel used in compressor units in natural
gas transmission grid). The data is reported in 1.A.5.a due to confidentiality.

The trend follows loosely total consumption of natural gas: until 2003 the consumption increases (also the grid
is expanding), but from 2003, the consumption starts to decrease, thus emissions are also decreasing due to
lower running time of the compressors. A hew compressor unit supporting the natural gas grid was started in
2005. This new unit is an internal combustion CHP-engine while all previous compressor units are gas turbines.
These units have different CH, emission factors and natural gas consumption in different parts of the grid
varies annually resulting interannual fluctuations in the CH, implied emissions factor.

Methods

Emission data from pipeline transportation are received from the YLVA system (Annex 6), ETS and partly
directly from companies. The data are included in the ILMARI calculation system (Section 3.1.4).

Uncertainty assessment and time series’ consistency

Quantitative estimates of uncertainty are provided in Annex 2. The annex also documents assumptions made
for the analysis. A description of the uncertainty analysis is included in Section 1.6.

The Monte Carlo simulation has been used to combine the uncertainties of each calculation parameter in order
to get the total uncertainty of the category.
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Category-specific QA/QC and verification

The quality management process and the QA/QC plan for the whole inventory are presented in Section 1.5.
The QC measures based on 2006 IPCC Guidelines implemented in the sector other transportation are described
in Section 3.2.4.4.

Category-specific recalculations

There were no category-specific recalculations done.

Category-specific planned improvements

There are no category-specific planned improvements.

3.2.5.8 Off-road vehicles and other machinery

Emissions of off-road vehicles and other machinery are allocated to CRT categories 1.A.2.g.vii Manufacturing
industry and construction, 1.A.4.a.ii Commercial/institutional, 1.A.4.b.ii Residential, and 1.A.4.c.ii
Agriculture/forestry/fishing. A complete list of machine types included in each CRT category is presented in
Table 3.2-20. The emissions from off-road vehicles and other machinery amounted 2.4 Mt (CO; eq.) in 2023,
they were 6% of total greenhouse gas emissions. In 2023, emissions were 3% lower than in 2022 and in 1990.
Total emissions from by CRT categories in are presented in Mt CO; eq. in Table 3.2-19.

The economic depression at the beginning of the 1990s can be seen in the emission trend of off-road vehicles
and other machinery as slightly decreasing emissions. Since then, especially emissions from leisure time
activities have increased (gasoline; ATV (all-terrain vehicle), snowmobiles), while emissions from business
activities have decreased (gasoil/diesel). The economic depression that began in 2008 has lowered leisure time
activity and hence the emissions in 2008. In 2010, the market began to recover and the use of these vehicles
and other machinery increased. The market has been fairly stable including some fluctuation.

Table 3.2-19 Greenhouse gas emissions from the TYKO model by CRT categories (Mt CO- eq.)

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Off-road vehicles and other machinery 245 238 255 260 256 252 255 247 262 258 268 270 248 247 238
1.A 2gvii Manufacturing and constructon 094 093 1.02 1.07 116 1.08 1.02 095 110 113 113 117 114 113 1.1

1.A 4aii Commerdial/Institutional 043 041 045 043 037 037 036 035 034 033 033 032 030 029 027
1.A 4bii Residential 014 016 018 019 0.19 021 020 020 0.19 0.18 0.18 017 0.17 0.16 0.16
1.A 4cil Agriculture/Forestry 094 083 091 091 084 086 096 097 099 094 105 104 087 089 0.84
Methods

The TYKO model from VTT Technical Research Centre of Finland Ltd estimates emissions and energy
consumption of non-road machinery, which are reported in the Finnish inventory under sectors 1.A.2.g.vii
Manufacturing industry and construction, 1.A.4.a.ii Commercial/institutional, 1.A.4.b.ii Residential and forest
machinery reported under 1.A.4.c.ii Agriculture/forestry/fishing. Emissions and energy consumption of
agricultural machinery (also reported under 1.A.4.c.ii Agriculture/forestry/fishing) are based on TYKO model
until 2014. From 2015 onwards, information from other sources were used as additional sources to estimate
the revised fuel consumption in agriculture.

The machinery included in the TYKO model is divided into five main categories: Drivable diesel, drivable
gasoline, moveable diesel, moveable gasoline and handheld gasoline, totalling 51 different machine types. The
model calculates the machinery in the categories mentioned above. The division into different CRT source
categories is made afterwards for the ILMARI system (see Section 3.1.4) by Statistics Finland. As the TYKO
model calculates emissions of non-road machinery in Finland, this model description is valid for all source
categories, except agriculture from 2015 onwards, that deal with machinery. Emissions by CRT subcategories
are presented in Table 3.2-19.
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Emissions are calculated separately for gasoline, diesel and LPG machinery. The main method is to sum up
the product of the machinery population, engine power, load factor, activity hours and emission factors. The
machinery population is based on the previous year’s population, wastage factor and sales.

The calculation formula, which applies to all non-road machinery in the TYKO model, is presented in
Appendix_3a at the end of Chapter 3.

The calculation method is in general consistent with the 2006 IPCC Guidelines (corresponds to the Tier 2 level
method). The method is widely used, for example, in the U.S. EPA Nonroad model (1998) and CORINAIR
Off-Road vehicle and Machines model (Andrias et al., 1994). The emission factors of CH, and N2O are based
on EMEP/EEA 2019.

Activity data

In the TYKO model, data on machine population are based on national machinery registrations, sales figures
and knowledge on the life expectancy of machinery. Activity data include annual usage hours separately for
each machine type. This basic machine-specific hourly data of certain machine types are adjusted according
to the annual index on working hours, combined from civil engineering and mining and quarrying statistics.
The activity data in TYKO are based on national and international research as well as national expert
estimations. Starting from 2023 submission, some additional sources of information were used to produce a
revised fuel consumption estimate for agricultural machinery from 2015 onwards. These new sources include
fuel survey for agriculture (every 3 — 4 years) and annual profitability survey, both by Natural resources
Institute Finland annual energy tax refund data and national accounts data.

Emission factors and other parameters

The CO. emission factors for off-road vehicles and other machinery are presented in Table 3.2-4. In 2023, the
bioshare of gasoline was 11.1% and diesel oil 18.6% (calculated from TJ). The bioshare of gasoil was 4.2% in
2023.

The emission factors of CH4 and N>O are based on EMEP/EEA 2019 (see also description in Section 3.2.5.5).

Uncertainty assessment and time series’ consistency

Quantitative estimates of uncertainty are provided in Annex 2. The annex also documents assumptions made
for the analysis. A description of the uncertainty analysis is included in Section 1.6.

The Monte Carlo simulation has been used to combine the uncertainties of each calculation parameter in order
to get the total uncertainty of the category.

Category-specific QA/QC and verification

The quality management process and the QA/QC plan for the entire inventory are presented in Section 1.5.
The QA/QC plan for the transport sector includes the QC measures based on the 2006 IPCC Guidelines. These
measures are implemented every year during the transport sector inventory. Potential errors and inconsistencies
are documented and corrections are made, if necessary. Also, a bilateral quality meeting is held annually
between the inventory unit and the sectoral expert.

Statistics Finland crosschecks the fuel consumption data calculated within the TYKO model. Gasoline, gasoil

and LPG consumption data taken from TYKO are summed up in the ILMARI system with other user’s
estimated consumption and the calculated totals are compared to total sales of these fuels.
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Table 3.2-20 Breakdown of different machine types in the TYKO model to CRT subcategories

CRF subcategory Type of machine Fuel
1.A 2gvii Oftroad vehicles and other machinery Cranes diesel
(in Manufacturing and construction) Bulldozers diesel
Rollers diesel
Wheel loaders diesel
Backhoe loaders diesel
Excavators, skid steer diesel
Excavators, rubber fre diesel
Tractors in industry diesel
Dumpers diesel
Telehandlers diesel
Generator sefs diesel, gasoline
Compressors diesel
Compactors diesel
Plate compactors diesel
Other lifts diesel
Forklift gasoline
Forkiift gas
Mini excavators, skid steer diesel
Other moveable machines diesel
1.A 4aii Oftroad vehicles and other machinery Graders diesel
(in Commercial/Institutional) Maintenance fractors diesel
Skid steer loaders diesel
Forklifts diesel
ATV, 2-stroke, professional gasoline
ATV, 4-sfroke, professional diesel, gasoline
Snowmobiles, 2-sfroke professional gasoline
Snowmobiles, 4-sfroke professional gasoline
Other drivable machines diesel
1.A 4bii Oftroad vehicles and other machinery Other fractors diesel
(in Residental) Riding mowers gasoline
Lawn fractor diesel
Lawn movers, handheld gasoline
ATV, 2-sfroke, leisure gasoline
ATV, 4-sfroke, leisure gasoline
Snowmobiles, 2-sfroke leisure gasoline
Snowmobiles, 4-stroke leisure gasoline
Other movable machines gasoline
Snow blowers gasoline
Chain saws, hobby gasoline
Trimmers gasoline
Other drivable gasoline
Other handheld machines gasoline
1.A 4cii Of-road vehicles and other machinery Farm tractors diesel
(in Agriculture) Combine harvesters diesel
Soil culivator gasoline
1.A 4cii Of-road vehicles and other machinery Forestharvesters diesel
(in Forestry) Forwarders (forest tractors) diesel
Professional chain saws gasoline
Clearing saws gasoline

Category-specific recalculations

No recalculations were done in this category.

Category-specific planned improvements

There are no category-specific planned improvements.
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3.2.6 Other sectors and Other (CRT 1.A.4, CRT 1.A.5)

3.2.6.1 Category description

Subcategory CRT 1.A.4 includes emissions from stationary combustion and off-road vehicles and other
machinery in commercial, institutional and residential sectors. In addition, emissions from heating of
agricultural buildings, non-road machinery in agriculture and forestry, as well as fishing boats are included in
this category. Subcategory CRT 1.A.5 includes emissions from non-specified consumption of fuels, military
use and statistical corrections of fuel consumption. In addition, emissions from CRT 1.A.3.e pipeline transport
(fuel used in compressor units in natural gas transmission grid) are reported in 1.A.5.a due to confidentiality
reasons.
9,0

8,0
7.0
6,0 4
5,0 1
4.0 4
3.0 A

Emissions, Mt 0. eq.

2,0 1
1,0 1

0,0 A
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m M aobile combustion including machinery and fishing vessels (1A4ail, 14400, 1A4cii, 1A4c0ii)
m Stationary combustion in commercial and institutional buildings (1A4ai)

m Stationary combustion in residential buildings (1A4bi)

m Stationary combustion in agriculture, forestry and fisheries (1A4ci)

Figure 3.2-16 Emissions from stationary and mobile sources in the Other Sector (CRT 1.A.4)

The emissions of Other sectors (1.A.4) were 3.1 Mt and Other (1.A.5) 0.7 Mt (CO- eq.) in 2023. The emissions
of these subcategories covered 14% of the Energy sector’s emissions and 10% of total greenhouse gas
emissions of Finland. Emissions of these two sectors (1.A.4 and 1.A.5) have declined by 9% since 2022 and
57% since 1990. The main reason for the decrease from 1990 is the increased use of district and electric heating
in residential, commercial and public buildings. The peak in 2010 heating energy consumption is due to
exceptionally high heating degree days.

Emissions from stationary combustion (1.A.4.a.i, 1.A.4.b.i, 1.A.4.c.i) accounted for 55% of the emissions in
the Other sectors (1.A.4) in 2023. Mobile combustion in agriculture and forestry (1.A.4.c.ii) accounted for
31% of sectors’ emissions, stationary combustion in commercial and institutional buildings (1.A.4.a.i) for 28%
and stationary combustion in residential buildings (1.A.4.b.i) for 14%.

Emissions from these sectors in 1990 to 2023 by subcategory are presented in Table 3.2-21.
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Table 3.2-21 Emissions from CRT categories 1.A.4 Other sectors and 1.A.5 Other by subcategory (Mt CO,)

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Co;
4. Other sectors 749 602 6577 542 489 404 393 405 39 374 376 354 335 313 282
a. Commercial and institutional 247 158 157 148 134 121 113 120 119 117 147 106 116 109 113
i. stationary 205 147 113 106 098 084 077 085 085 084 084 075 087 081 086
i. mobile 042 041 044 042 036 037 036 035 034 033 032 031 029 028 o0
b. Residential 315 269 253 231 198 139 126 129 120 111 102 091 084 064 038
i. stationary 30 254 23 213 180 119 107 110 102 094 085 075 068 048 023
ii. mobile 014 015 017 019 019 020 019 019 018 0417 017 017 016 016 015
c. Agriculture, forestry and
fisheries 187 174 167 163 157 144 155 156 156 146 157 157 134 140 1.3
i. stationary 077 072 063 081 063 048 049 051 048 044 043 043 037 042 037
ii-iii. mobile 110 103 104 102 095 09 106 106 108 102 114 113 096 098 094
5. Other 113 132 140 149 120 095 09 0589 093 072 075 070 069 080 0.72
CH,
4. Other sectors 018 019 019 023 026 023 022 024 024 023 023 019 021 019 0.19
i. stationary 0.01 0004 0004 0004 0004 0004 0003 0004 0004 0004 0004 0003 0004 0004 0.004
ii-iii. mobile 0176 018 019 023 026 023 022 024 023 023 022 019 021 019 018
5. Other 0.004 0.004 0.004 0.005 0.004 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
N;O
4. Other sectors 0.078 0.067 0.065 0.068 0.070 0.060 0.056 0.060 0.058 0.057 0.055 0.052 0.055 0.050 0.048
i. stationary 0.016 0.010 0.009 0009 0009 0007 0007 0007 0007 0007 0007 0007 0008 0007 0.008
ii-iii. mobile 0.062 0057 0056 0059 0062 0053 0049 0052 0051 0049 0048 0045 0047 0043 0040
§. Other 0.008 0.009 0.009 0.009 0.007 0.006 0.006 0.006 0.006 0.004 0.005 0.004 0.004 0.005 0.005

Table 3.2-22 Fuel consumption in CRT categories 1.A.4 and 1.A.5 (PJ)

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Liquid fuels Heavy fuel ol 192 75 67 70 54 31 31 27 27 23 19 17 19 18 17
Light fuel oil 867 783 T45 689 579 496 480 489 472 440 445 429 402 381 337
LPG 20 24 28 30 34 30 32 26 30 36 38 39 44 60 3¢9
Other liquid fuels 35 45 b2 59 60 51 50 55 52 48 51 49 40 40 47
Solid fuels Hard coal 052 020 021 017 019 011 011 011 009 011 002 008 010 008 007

Gaseous fuels  Natural gas and other 31 58 7186 81 81 62 64 62 73 45 46 39 40 33 37
gaseous fuels

Biomass Woodfuels and other 4563 456 468 594 716 641 600 655 647 638 629 575 661 613 598
biofuels

Peat Peat 14 1.0 1.3 16 26 20 20 23 23 23 23 1.3 15 14 1.3

Other Mixed fuels and waste  0.003 0001 0001 00003 NO NO NO NO NO NO NO NO NO NO NO

3.2.6.2 Methodological issues

Methods

Emissions from stationary sources of subcategories 1.A.4 and 1.A.5 are calculated within the ILMARI system,
which has been described in Section 3.1.4, Table 3.1-6 and Figure 3.1-5. Calculation of the greenhouse gas
emissions from stationary sources in 1.A.4 and 1.A.5 is mostly based on a Tier 2 method using fuel
consumption data and fuel-specific emission factors. Emission factors are either country-specific or default
depending on a fuel. There are parts of the calculation, which are more likely Tier 3 and some parts Tier 1, but
in general Tier 2 seems to be the best corresponding choice.

Emissions from off-road vehicles and other machinery, which are reported in 1.A.4.a.ii and 1.A.4.b.ii are
calculated with the TYKO model of VTT Technical Research Centre of Finland Ltd. The calculation method
for agricultural off-road vehicles and other machinery (1.A.4.c.ii) is described in Section 3.2.5.8. Emissions
from fishing (1.A.4.c.iii) derive from the MEERI model of VTT (See descriptions in Section 3.2.5.6). Emission
data from pipeline transportation (1.A.3.e) are received from the YLVA system, ETS and partly directly from
companies (See descriptions in Section 3.2.5.7).
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Activity data

The activity data for stationary sources of category CRT 1.A.4 are taken from annual energy statistics. Only a
small part of the emissions is based on actual installation bottom-up data (depending on the fuel type). The
fuel consumption data for CRT 1.A.4 are presented in Table 3.2-22. It covers fuels used for the heating of
commercial, institutional and residential buildings, which are estimated by the space heating estimation model
(Raklam) maintained by Statistics Finland. Fuel consumption data are estimated using building stock statistics,
average specific consumption (MJ/m?/a) and annual heating degree days.

The Raklam model takes into account secondary heating systems in residential buildings, which are
increasingly popular in Finland. For example, the number of air-to-air heat pumps has grown rapidly in the
last few years; they are used as a secondary heat source, substituting fuel or electricity consumption of the
primary heating system.

Activity data for off-road vehicles and other machinery in the residential and commercial/institutional sectors
are taken from the TYKO model of VTT. Activity data for off-road vehicles and other machinery in agriculture
and forestry is based on TYKO model until 2014. From 2015 to 2023, information also from other sources
were used to estimate the fuel consumption (See descriptions in Section 3.2.5.8). Activity data for fishing
derive from the MEERI model of VTT (See descriptions in Section 3.2.5.6.

Activity data for category CRT 1.A.5 include military fuel consumption, which are partly based on estimates.

The category also includes residuals of certain commercially traded fuels (light fuel oil, heavy fuel oil, natural
gas and LPG). Statistical corrections are taken into account in these residuals.

Emission factors
The CO, emission factors are presented in Table 3.2-4,

In 2023 bioshares of gasoline and diesel oil were 11.8% and 18.6% respectively (calculated from TJ). The
bioshare of gasoil was 4.2% in 2023 both in off-road vehicles and machinery and heating.

The other emission factors used are partly IPCC default from 2006 and 1996 guidelines and partly based on
national sources (Table 3.2-23).

Table 3.2-23 Emission factors of small combustion in the ILMARI calculation system

Small combustion boilers < 1 MW CH4 N20
kg/TJ kg/TJ
Oil 10ba 2b
Coal, residential buildings 3002 4>
Natural gas 3b 1b
Peat 50°b 4e
Wood, commercial buildings and agriculture 3ed 1.73-1.8¢4d
Wood, residential buildings 129-146 ¢.d 2.08-2.16 ¢4

References: & 2006 IPCC Guidelines (Table 2.4), b Bostrém (1994), ¢ Tsupari et al. (2005,
2006), ¢ Savolahti et al. (2019), Syke 2022, © 1996 IPCC Guidelines (Table 1-7)

As described earlier in Section 3.2.4.2 (subtitle: “Factors affecting implied emission factors”), annual variation
can be seen in implied emission factors, as there are changes in the shares of different fuel/technology
combinations. This is also the case for subcategories 1.A.4 and 1.A.5, because part of the activity data is plant-
specific; thus there are different emission factors for different type of plants (fuel/technology combinations).
Especially this involves peat and wood fired boilers, which are typical in Finland in these subsectors.
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3.2.6.3 Uncertainty assessment and time series’ consistency

Quantitative estimates of uncertainty are provided in Annex 2. The annex also documents assumptions made
for the analysis. A description of the uncertainty analysis is included in Section 1.6.

Uncertainties in the activity data were based on energy statistics expert estimates.

In general, the uncertainties in subcategories 1.A.4 and 1.A.5 are clearly higher (+10% to 50% depending on
a sector and fuel) than in other subcategories of the Energy sector. In the case of natural gas, the uncertainties
are slightly lower, £5% to 15%.

Uncertainties in emission factors for CH4 and N2O are high, because these emissions vary largely between
different boilers, furnaces, etc. Especially in biomass combustion in small-scale applications, CH4 emissions
depend much on the fuel and furnace used. There is also very little information available about the emissions
from these sources. International data cannot be applied directly, because the design of furnaces, fuel used and
the means of combustion vary. To decrease uncertainty, more measurement data would be needed from
different types of furnaces. In addition, more data on currently used furnaces and small-scale boilers, and about
the amount and type of fuels used, would be needed. Results from a research study done by VTT in 2005 are
used as a data source for CH4 and N.O emission factors, as well as uncertainties of these emission factors.
Emission factors for small scale wood combustion are taken from Syke model (Syke 2022), which includes
estimated annual shares of different furnaces.

The Monte Carlo simulation has been used to combine the uncertainties of each calculation parameter in order
to get the total uncertainty of the category.

The consistency of the time series of stationary sources of subcategory 1.A.4 is fairly good. The space-heating
model (Raklam) of Statistics Finland includes years starting from 1995. Prior to that year, fuels for different
subsectors of space heating are based on estimated disaggregation. As a result of a model revision, there is a
break in the time series of the residential heating model results between 2007 and 2008. This affects mostly
electricity consumption for heating. Heating oil consumption has been corrected for the GHG inventory by
interpolation between 2005 and 2008.

Category 1.A.5 includes residuals and statistical corrections, which reflect the problems in the energy balance
in some years. Some fuel consumption figures have been adjusted to prevent negative consumption figures
and to correct too big annual changes in this category’s total emissions. A part of these adjustments may reflect
not-so-well-known customers’ annual stock changes. All and all, it can be said that the consistency of the
original data in this subcategory is not as good as in other subcategories of the Energy sector, but it has been
improved using the adjustments mentioned above. These adjustments are checked annually by cumulative
sums to prevent systematic continuous over or under estimations.

3.2.6.4 Category-specific QA/QC and verification

There are numerous automatic and manual QC procedures used in the ILMARI system (see Section 3.2.4.4).
Each year, the latest inventory calculations (activity data and CO emissions) are crosschecked against the
national energy balance (Annex 3). This reference calculation is based on the energy balance, showing activity

data (PJ) and CO> emissions.

The allocation of different working machine types was checked against the CLRTAP reporting in order to
improve consistency between the greenhouse gas and air pollutant inventories for the 2020 submission.
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3.2.6.5 Category-specific recalculations
No recalculations for 1990 nor 2005 were performed. For 2022 following recalculations were performed:

Gaseous fuels used for residential heating (Rakldm model) were updated for 2020 to 2022 resulting
recalculations in 1.A.4.a.i (-6 kt COz eq. in 2022). This also results the allocation changes between 1.A.4 and
1.A.5 subcategory.

Part of the biogas previously reported in road transportation (1.A3.b) was changed as fossil gas due to
information received from energy statistics concerning biogas guarantee of origin. This resulted recalculation
also in 1.A.5.a for years 2009 to 2022. In addition, calculation error was corrected in the total fuel use of
gaseous fuels. Altogether these changes resulted recalculation of -31 kt CO; eq. in 2022 in subcategory 1.A.5.a.

Corrections in other categories’ fuel data are reflected as a recalculation in this category (CRT 1.A.5), which
includes residuals of certain fuels. These corrections include minor corrections in the point sources’ data
(activity, combustion technology or allocation) to remove inconsistencies in plant level time series. In most

cases, the reasons for these corrections are updates in the latest years’ source data or minor, previously
undetected, errors in the older data.

3.2.6.6 Category-specific planned improvements

There are no category-specific planned improvements.
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3.3 Fugitive emissions from solid fuels and oil and
natural gas and other emissions from energy
production (CRT 1.B)

3.3.1 Fugitive emissions from solid fuels (CRT 1.B.1)

There are no emissions reported under this sector in Finland. Emissions from peat production are reported in
the LULUCF sector (category Wetlands, CRT 4.D) consistent with the 2006 IPCC Guidelines (see Section
6.7).

There are no coal mines in Finland.
3.3.2 Fugitive emissions from oil and natural gas (CRT 1.B.2)

3.3.2.1 Category description

This category includes CO,, CH4 and N2O emissions from flaring at oil refineries and in the petrochemical
industry and at LNG terminals from 2016 onwards, fugitive methane emissions from oil refining and methane
emissions from natural gas processing, transmission and distribution. The reasons behind the emission trends
are addressed in Section 3.1.2.2. Fugitive CO emissions from natural gas transmission and distribution are
estimated to be insignificant (see Section 3.3.2.2 and Section 1.7.5).

Methane emissions from oil refining result from evaporation during the refining and storage of oil and from
the processing of liquified natural gas (LNG). Some of the emissions from gas transmission are caused by the
normal running of older compressor stations in the transmission network. Another source of emissions in
transmission is the emptying of pipelines during maintenance breaks and extension work. The emissions of
distribution originate from leaks from valves in certain old pipeline types.

Flaring is a part of the safety system in refineries and the petrochemical industry and in a normal situation
gases are recovered, not flared. Carbon dioxide from flaring is emitted in emergency situations when the
pressure in any production equipment has risen over the permissible pressure and, therefore, gases are burned
in flares. Flaring is not conditional on output and the attempt is to minimise the amount of it and, therefore,
flaring it is always related to problems in the process and it is more cost effective to generate energy or products
for sale. Some of the refinery plants have been modernised during the time series.

There are no emissions from venting, since all process gases are directed to a fuel gas system during normal
function and burned in different process heaters and boilers and reported as Fuel combustion in the Energy
sector. There are, however, other types of fugitive or venting emissions, which are reported as NMVOC
emissions in ‘1.B.2’. These include, for example, venting of oil storages, drainage systems, etc.

In 2023, the combined fugitive and flaring emissions from oil refining (and flaring emissions from the
petrochemical industry), and emissions of natural gas transmission and distribution totalled 0.13 Mt CO; eq.
This is about 0.2% of Finland’s total emissions. Emissions increased by 37% compared to 2022 and they are
1% higher than in 1990.

In October 2023 there was an offshore pipeline damage in Balticconnector gas pipeline between Finland and
Estonia. Reason for this pipeline damage has been trying to examine, Finnish investigators found an anchor
from near the damaged pipeline and it appeared to have caused the damage (https://yle.fi/a/74-20057930).
Finnih natural gas transmission network company (Gasgrid Finland, 2024) reported in its annual report that
damage in the gas pipe occurred in the Finnish economic zone, but outside the Finnish territorial waters. The
total emission was 467.7 t CH4 (0.013 Mt CO- eq.)
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Other NMVOC emissions originate from the storage of chemicals at the refineries, road traffic evaporative
emissions from cars, the gasoline distribution network and refuelling of cars, ships and aircrafts and natural
gas transmission. Indirect CO, emissions from NMVOCs and CHj, are reported separately and aggregated as
one category in the national totals (see Chapter 9).

There is no exploration or production of oil or natural gas in Finland. Also transport of crude oil in pipelines
does not take place in Finland. All our crude oil is shipped to the refinery ports and used nearby.

Table 3.3-1 Fugitive emissions from oil and gas (Mt CO; eq.)

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Co,

1.B.2¢ Flaring 0111 0.075 0.058 0.070 0.09 0084 0109 0.104 0.147 0.091 0065 0.076 0.068 0.065 0.086
1.B.2d Distribution of town gas  0.001 NO NO NO NO NO NO NO NO NO NO NO NO NO NO
CH,

1.B.2a Ol refining 0.007 0.008 0.009 0.009 0.09 0010 0.09 0.010 0.010 0.010 0010 0.009 0.007 0.008 0.008
1.B.2b* Natural gas 0.005 0.096 0.061 0.072 0.041 0026 0.032 0.027 0.024 0023 0020 0.015 0.018 0.017 0.030
1.B.2¢ Flaring 0.00006 0.00004 0.00003 0.00004 0.00005 0.00004 0.00006 0.00005 0.00007 0.00005 0.00003 0.00004 0.00004 0.00004 0.00005
1.B.2d Distribution of town gas  0.001 NO NO NO NO NO NO NO NO NO NO NO NO NO NO
N,0

1.B.2¢* Flaring 0.0011 0.0007 0.0006 0.0007 0.0009 0.0008 0.0011 0.0010 0.0014 0.0009 0.0006 0.0007 0.0007 0.0007 0.0009
Total Mt CO, eq. 013 018 043 045 015 012 015 014 018 012 010 010 0.09 009 0.3

* CH, emissions from 1B2b Natural gas includes also emissions from LNG processing for 2010-2017

3.3.2.2 Methodological issues

Methods

Refining/storage (CRT 1.B.2.a.iv)

The fugitive methane emissions from the refining and storage of oil have been calculated on the basis of the
2006 IPCC Guidelines using the default emission factors for oil refining and data from Energy Statistics on oil
refining activities.

Flaring (CRT 1.B.2.c.ii)

Flaring takes place at oil refineries and in the petrochemical industry and since 2016 also in LNG terminals.
Estimates of carbon dioxide emissions from flaring are for the recent years calculated using data from the EU
ETS and earlier the YLVA system and fuel-specific emission factors in the ILMARI calculation system.

Processing (CRT 1.B.2.b.iii)

Estimates of methane emissions from liquefied natural gas (LNG) processing and storage are reported by a
company to the YLVA system. The company informed that the LNG processing has been ended in September
2017 (Gasum, 2018) and therefore there are no emissions from LNG processing since 2018. This category
includes also fugitive CH4 emissions in LNG terminals.

Transmission and storage (CRT 1.B.2.b.iv)

Fugitive CH,4 emissions from gas transmission are calculated by Gasgrid Oy (Tolonen M, 2024). The
calculations are based on measurements for 1996 to 2023. Emissions of earlier years have been estimated by
Statistics Finland in collaboration with Gasum Oy (Slioor S, 2004), based on the volume of transmitted gas
and knowledge of malfunctions and repairing works resulting in gas releases. According to Gasgrid Qy, the
data of the composition of natural gas used in Finland contains only 0.5% by volume CO,, so these emissions
are estimated to be insignificant (see Section 1.7.5 and Tolonen M, 2022).

The volume of methane leakage of earlier mentioned pipe break of the Balticconnector sea pipeline in October
2023 is included in this subcategory.

Distribution (CRT 1.B.2.b.v)

Methane emissions from natural gas distribution are based on measurements (leakage in the distribution
network) for the years since 1996. For the years 1996 to 2015 the measurements were made by Gasum Oy and
since 2015 they have been made by Auris Kaasunjakelu Oy (Harju T, 2024). For the earlier years (1991 to
1995), the emissions are rough estimates based on the volume of total distributed gas. The amount of
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distributed gas has increased and CH. emissions decreased due to less leakage in the distribution network,
which led to a reduction of the IEF, see Section 3.1.2.2.

Since 1974 natural gas has been distributed in “newer parts” of pipeline in the Southern Finland. These pipes
are made of polyethylene and no leaks nor emissions are expected (Slioor S, 2004).

The distribution of town gas (LPG, butane) started in 1973 and it continued until 1993. Town gas was
distributed only in Helsinki area. The distribution of town gas was gradually replaced by natural gas between
1991 and 1994. Since 1994, only natural gas has been distributed in Helsinki area. The pipeline in the Helsinki
area is made of steel, cast iron and polyethylene and some leakage is expected to happen.

Town gas contained greenhouse gases, 1% methane and 20% carbon dioxide (Neste, 1993), and these
emissions are included in the inventory for years 1990 to 1993. Methane and carbon dioxide emissions are
calculated using leakage of town gas in the distribution network and percentage of them in town gas.

Emission factors and other parameters

Emission factors for the calculating emissions from the refining and storage of oil are based on the default
factor given in the 2006 IPCC Guidelines, since country-specific factors are not available. The IPCC
Guidelines offer a wide range for emission factors. Due to a lack of knowledge about the applicability of the
factors to Finnish circumstances, the mean value of the factors is used.

Plant and fuel-specific emission factors are used to calculate emissions from flaring. These can be found in
Table 3.2-4. Flaring consists of refinery gases and a very small amounts of LPG, natural gas and gasoil, used
in pilot flame, and from 2016 also LNG.

The percentages of methane and carbon dioxide in town gas are used to calculate emissions of town gas
distribution (1% methane and 20% carbon dioxide).

Activity data
Activity data for oil refining are taken from Energy Statistics, indicating the quantity of refined oil.

The amounts of flared fuels are reported to the YLVA system, and these data are used as activity data in the
calculation of emissions from flaring also ETS data have been used in the most cases from 2005. Activity data
are received from refineries and petrochemical plants, including point source data for each plant either by plant
or by each flare. Flaring includes both the pilot flame and the burning of process gases released in start-ups,
shutdowns and malfunctions.

No activity data are used to calculate emissions from gas transmission and distribution because estimates are
based on measurements and expert estimates. However, the quantity of gas transmitted and distributed is
reported as background information in the CRT tables. For the 2025 submission data on transmitted natural
gas were harmonised with the Energy Statistics for the whole time series.

Town gas sales has been used as activity data. The average of the leakage percentages (20%) of natural gas
has been used to estimate the leakage of town gas for years 1990 to 1993.

3.3.2.3 Uncertainty assessment and time series’ consistency

Quantitative estimates of uncertainty are provided in Annex 2. The annex also documents the assumptions
made for the analysis. A description of the review and update of uncertainty analysis is included in Section
1.6.

Sources of uncertainty for the estimates concerning 2023 are:
Oil refining: « Accuracy of activity data, which introduces only a small uncertainty
« Accuracy of default emission factors, which introduces a very large uncertainty
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The uncertainty in the emissions from oil refining was estimated to be 90%.
Gas transmission and distribution:
* Accuracy of measurements, which introduces only a small uncertainty.

The uncertainty in the emissions from gas transmission was estimated to be +5% and the uncertainty in the
emissions from gas distribution +3%.

Flaring: + Uncertainties as in the ILMARI system, see Section 3.2.4.3.

Transmission of gas: the figures concerning 1990 to 1995 are not based on measurements; instead, they are
estimated by experts within the industry.

For gas distribution the emission estimates of 1991 to 1995 are also more uncertain than the measurement-
based estimates for later years.

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

Emission estimates for all subcategories under Fugitive emissions from fuels are calculated using the same
methodology for the whole time series.

3.3.2.4 Category-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 1.5. The QC procedures are performed according to the QA/QC plan in order to
attain these quality objectives. In 2024, a quality meeting was held between the inventory unit and the sectoral
expert.

In the calculation of fugitive methane emissions from oil refining and methane emissions from gas transmission
and distribution, several general inventory quality control procedures have been done as mentioned in 2006
IPCC Guidelines (Chapter 1.6, Table 6.1). Some of the checks are performed annually, such as comparing with
previous emissions of the subcategory of the calculated emissions and ensuring that there are no transcription
errors in calculations and some when the calculation method has been developed.

The quality control procedures, which are mentioned in Section 3.2.4 are also used in the calculation of
emissions from flaring.

3.3.2.5 Category-specific recalculations

Amount of refined oil was corrected for 2022, emissions decreased by 0.01 kt CO; eq. No recalculations were
done for 1990 nor 2005 emissions.

3.3.2.6 Category-specific planned improvements

No improvements are planned.
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3.4 CO: transport and storage (CRT 1.C)

3.4.1 CO2 capture, transfer and storage in PCC

3.4.1.1 Category description

In Finland, two pulp and paper mills and one paper mill are currently capturing and directing a part of their
fuel combustion-based CO emissions to nearby PCC (Precipitated Calcium Carbonate) plants via pipelines
between CO- producer and user. There used to be six pulp and paper mills in Finland at the beginning of the
2000s, but since that three plants have ceased operation in 2011, 2019 and 2021. The CO; capture in pulp
production takes place in the lime kiln and in paper production in associated industrial power plants. There are
also two hydrogen producing plants, which capture their process-based CO- emissions and transport part of it
to PCC producing plants. The first PCC plant using transferred CO; in Finland started operating in 1993.

In the Finnish system the CO- producers, which transfer their CO, to PCC production, report their emissions
as total CO, emissions minus CO; emissions calculated from the amount of PCC produced. The calculation
process is similar for both pulp and paper mills as well for hydrogen plants. In this way, any losses during the
capture, transfer and production are accounted for as only the amount of CO; that has been converted to PCC
is deducted from the total emissions. Therefore, fugitive emissions from pipeline transport (1.C.1.a) are
reported as IE in the inventory.

PCC is widely used in various types of paper and paperboard as a filling or coating material. PCC in paper and
paperboard will form a long-term storage for the captured CO; except in cases where the paper or recycled
paper sludge is combusted. The emissions from combustion are taken into account separately under relevant
categories in the Energy sector (in the emissions factors (fossil/biological part) of paper or sludge) and in the
Industrial processes and product use sector (2.A.4.d Other; limestone containing sludge). Long-term storage is
the main criterion used for the inclusion of CO; capture and storage in the inventory.

3.4.1.2 Methodological issues

In the lime kilns of the pulp production process lime mud (basically CaCO3) is burned back to lime (CaCOs;
--> Ca0 + COy) and after that, the lime is reused in causticising. The lime kiln has been chosen for the CO;
source of PCC production because of the excess amount of CO is produced in the process. This is captured
and transferred to the PCC plant and used in the production of PCC. In addition, a part of the CO, comes from
the fuels used in the kilns.

In hydrogen production hydrocarbons react with water and CO, and hydrogen are produced (see Section
4.3.6.2). The formed CO; is captured, a small part of it is bottled and transported to PCC plants. Most of the
CO;, captured from hydrogen production is used in other applications from which the captured CO is released
on short term and this part is therefore not deducted from emissions reported for hydrogen production. For
example, the CO: is widely used in food processing for cooling, preservation and pH control. It is also used to
blanket chemicals, to control pH in water treatment, as a shield gas in metal welding, to stimulate biological
growth and as a fire-extinguishing agent.

The amount of CO; transferred to PCC production is estimated based on the amount of PCC produced, because
the pulp and paper mills do not measure their CO, emissions or the amount of CO, captured. In this way, any
losses during the capture, transfer and production are accounted for.

Finland exports more than 90% of its paper and paperboard. In addition, the PCC contained in these products
is exported. Possible emissions from PCC in exported paper are not taken into account, as these emissions are
not occurring within the national borders of Finland.

COqcaptured and stored = PCCproduction * [CO.]/[CaCQs]
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The calculated amount of stored CO; is subtracted from gaseous fuels in subcategory 1.A.2.d as a major part
of transferred CO; is from combustion of natural gas. The amount of CO, from hydrogen production is also
included in the same subcategory due to confidentiality reasons. The calculations are presented in more detail
in Appendix_3c. They are in accordance with the guidance for reporting given in the 2006 IPCC Guidelines.

The characteristics of the captured CO- were clarified from the calculation of the emissions of plants capturing
CO,, for PCC production.

- Before 2011, in 2013 and after 2017, part of the fuel used in the plants capturing CO. from lime kilns
in pulp production is of biogenic origin, the biogenic share of total transferred CO; is less than 30%.
Finland deducts all captured CO; from the emissions in accordance with the guidance in the 2006
IPCC Guidelines, which states that once captured, there is no differentiated treatment between
biogenic carbon and fossil carbon.

- In the paper mills, one of the power plants capturing CO- has used exclusively fossil fuels for the
whole time series. The other power plant has used fossil fuels until 2001, after which the share of
biofuels was about 60%. The operation of this power plant ceased in 2013.

- In the hydrogen producing plants, the hydrogen has been produced from natural gas (fossil fuel)

- Since 2012, a pulp mill which is transferring a part of its CO, emissions to PCC production is not
included in the EU ETS. In 2018, the same mill started to use only biomass in its lime kiln.

Statistics Finland has calculated the share of fossil CO- used in PCC production on the above-described plant-
specific information since 2000 (the plant-level PCC production data were available only since 2000). For
plants using fossil and biomass fuels, the share was calculated assuming that the CO, captured would be
proportional to the amount of fossil and biomass fuels used at a plant. Of the total amount of transferred CO,,
the average share of fossil CO; is 86% for 2000 to 2011. In 2012, 2014, 2015 and 2016, all transferred CO>
was of fossil origin. In 2013, and since 2017 a larger part of transferred CO; has been of biogenic origin (since
2017 the average of share of biogenic origin has been about 20%). More details can be found in Appendix_3c.

Table 3.4-1 PCC production and transferred CO;

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
PCC production, 1000 t NO 123 417 417 450 340 316 315 303 307 283 231 220 110 118
CO;, fransferred and subtracted fom  NO 54 183 184 198 150 139 138 133 135 124 102 97 49 52
1.A 2d (Gaseous fuels), kt

A small amount of carbonate (either PCC or other carbonates) based CO; is released in the combustion of
recycling sludge as well as part of MSW or REF (mostly in subsectors 1.A.1.a, 1.A.2.d and 1.A.2.g). These
emissions are taken into account in the Energy sector in the corresponding emission factors. When deinking
sludge is combusted, the CO, emissions from carbonates included in PCC are reported in 2.A.4.d Other process
uses of carbonates. The emissions are reported under industrial processes because the fuel (deinking sludge)
does not contain fossil energy but the fossil CO, emissions are generated from PCC. No distinction is made
whether the carbonates originate from a process using fossil or biomass-based CO; when the CO, emissions
from combustion of PCC are reported.

3.4.1.3 Category-specific QA/QC and verification

Statistics Finland clarified the characteristics of CO, storage in PCC in 2008 through literature and discussions
with experts. According to the Finnish experts?®, PCC in paper and recycled sludge disposed in landfills or
used in landscaping constitute a long-term storage for CO,. Support for the long-term nature of storage when
the recycled sludge is disposed in landfills or used in landscaping is also given in the following references:
Appelo and Postma, 1996, Garrels and Christ, 1965. However, CO, will be released when PCC containing
paper or sludge is incinerated.

The PCC production data have been crosschecked with other data sources. Statistics Finland has collected
plant-specific data on the production amounts by PCC plant for the relevant years from the YLVA system

20 prof. Eero Hanski, University of Oulu, prof. Olli Dahl, Helsinki University of Technology and
Docent Kauko Kujala, University of Oulu (see Appendix_3d).
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(national environmental permit registry), from PCC plants and from the production statistics (plant-specific
data from Statistics Finland’s manufacturing industry surveys). The data have also been crosschecked with the
amount of captured and transferred CO, reported under the EU ETS. This data exist since 2005 and include
the captured and transferred amount of CO; by plant.

The differences in the PCC production data from the different sources have been very small. The emission
data reported to EU ETS for 2008 to 2012 have been approximately 94% of the amount calculated and reported

by Statistics Finland in the greenhouse gas inventory. The amount reported to the EU ETS for 2013 to 2022 is
about 99% of the data reported to the greenhouse gas.

3.4.1.4 Category-specific recalculations

There were no category-specific recalculations done.

3.4.1.5 Category-specific planned improvements

No planned improvements.
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Appendix_3a

The formulas used in calculating yearly emissions from the transport
sector (1.A 3)

Road transportation LIISA model
Formula for CO, emissions in the LIISA model:

Ny
ECOZ — Z(Sf _ Of) eCOZ
f=1
E%?  total CO, emissions
f fuel type
N’ number of fuel types
S total sales of fuel
0 total use of fuel for other purposes than road traffic
gc0? CO; emission factor

Formula for N,O and CH4emission estimation in the LI1SA model:

6

ZZZ Z Z ( Tlefy rlefy+erlefy))

E —
r=1v=11=1x=1
EC total emissions of compound ¢
c compound
r road type (6 types)
v speed limit class (6 classes)
I type of vehicle (5 types)
X type of driving power (6 types)
f fuel type (6 types)
y emission standard level (Euro) (7 classes)
M kilometrage (given by road type, speed limit class and main type of vehicle, and divided to
vehicle subclasses using a car fleet model called ALIISA)
eoh emission factor for hot driving
e®* emission factor for cold start-ups

Railway transportation RAILI model
Formula for diesel trains in the RAILI model (for years 1990 to 2018):

4 N 4
Z <Z Z dxlwfxlw>gx o 1 dy(flech + £2e%) + (Z Z tx,l,rfxt,l> es”
r=11=1
+ (Z k; f/‘) Bl
=1

EC total emissions of compound ¢
c compound

X train type: person/freight train
I type of locomotive (4 types)
w train weight class (10 classes)
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d gross tonne kilometre

g a factor for extra fuel consumption of non-line driving *

r rail yard

N number of rail yards

t shunting time

k locomotive kilometre

f specific fuel consumption per gross tonne kilometre

f! specific fuel consumption per hour

f specific fuel consumption of heating per gross tonne kilometre

f specific fuel consumption of aggregate per gross tonne kilometre
fk specific fuel consumption per locomotive kilometre

eof emission factor of compound c¢ per fuel used

oM emission factor of compound c per fuel used for wagon heating
e“? emission factor of compound c per fuel used for aggregates

* mobilisation time of the fleet, preparation and finishing times and extra transfer of the fleet

Civil navigation MEERI model

Formula for all ships in the MEERI model (icebreakers excluded):

2 9 7 le
— d a
DPWNE L zyww
x=11=1w=1 y=1f=1
10 5
m m.a cm
+ Now | tLw9rxPLw,x Z Z (rx.ysx.f €xiw,y, f)
y=1f=1
10 5

+ tlwglxplwxz Z(Txysxfexlwyf

y=1f=1

m
o

total emissions of compound ¢

compound

engine function type (2 types): main engine / auxiliary engine
type of ship (9 types)

gross register ton (GRT) class (7 classes)
number of trips / port visits

distance of an individual trip

average design speed

average nominal engine power

engine load factor during driving

engine load factor during manoeuvre

engine load factor during berthing

engine type by two/four-stroke engine and emission standard level (Tier) (10 combined types)
share of engines by engine type

fuel type of engine (5 types)

share of engines by fuel type

time used for manoeuvre

time used for berthing

emission factor of compound c for driving
emission factor of compound ¢ for manoeuvre
emission factor of compound c for berthing

Zs —Xxo0

S o o O

U)_"'W‘<LQU(QLQ'D<Q_

— —+
(?n(?n o 3
3 o

@D
o
o
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Formula for icebreakers:

NSf
EC = Z Sfejf
f=1

EC total emissions of compound ¢
c compound

f fuel type

N’ number of fuel types

S total fuel use by fuel type

e’ emission factor for compound ¢

Formula for (diesel) working boats:

3
E¢ = Z lelec
=1

EC total emissions of compound ¢
c compound

I type of working boat (3 types)
N number of working boats

average fuel use of a working boat per year
emission factor for compound ¢

D »
©

Formula for leisure boats:

6 3 10
EC= Z Z Z Nl,y,rpr gl,y,rtlejc/

l=1y=17r=1
EC total emissions of compound ¢
c compound
I type of leisure boat (6 types)
y engine type and fuel: gasoline two/four-stroke engine and diesel engine (3 combined types)
r engine power class (10 classes)
N number of boats

nominal engine power (class centre)
engine load factor

activity (hours in use per year)
emission factor for compound ¢

@ —+Q T

o

Other transportation TYKO model

Formula for all off-road machinery in the TYKO model:

Nt 3 3 6 40
E€ = Z g1 z pl r z z Z (Z z NlT,?,x,f,s,u,atl,r,x,f,s,u,a> elc,r,x,f,s
r=1 x=1 = s=1 u=1a=1
EC total emissions of compound ¢
c compound
I type of machinery
N' number of machinery types (presently 50)
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ZoC v xT @

D
o

engine load factor by machinery type

engine power class (4 classes)

nominal engine power (class centre)

engine type (presently 3: two/four-stroke gasoline and diesel engines)
fuel type (3 types)

emission standard level (Stage) by model year of machinery (6 classes)
type of usage (3 types: professional/leisure/both)

age of machine (max 40)

number of machines by detail (machinery fleet in the calculation year by age)
activity (hours in use per year)

emission factor for compound ¢

Formula for detailed machinery fleet calculation:

N = N (1— W) + 53

m
Nmy
me
STy
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Appendix_3Db

Fuel combusted, greenhouse gas emissions and implied emission
factors for CO2 from combustion by fuel

Table 1_App_3b. Fuel combustion by fuel, PJ

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Solid fuels 1451 1426 1224 1044 1648 1049 794 995 887 859 693 480 552 611  38.2
Hard coal 1281 1226 985 806 1448 873 622 813 716 680 533 321 36.5 451 222
Coke 587 489 545 565 457 118 110 106 093 106 102 09 095 08 073
Blast furnace gases 6.9 7.5 11.2 11.0 8.6 8.2 9.2 9.8 9.2 9.9 8.0 85 11.0 8.3 8.6
Coke oven gas 416 7.1 714 7.01 6.60  6.81 686 730 700 687 695 639 679 676 6.72
Other coal 002 038 008 013 026 139 004 002 003 007 006 007 0.01 0.02  0.01
Liquid fuels 369.5 3422 3454 3531 338.6 2869 2850 306.7 2947 292.2 2869 2681 254.6 264.5 2455
Heavy fuel oil 71.1 580 487 438 358 193 196 181 158 115 106 9.0 9.5 9.8 8.3
Light fuel oil 1057 987 965 905 8.0 705 683 688 697 680 680 654 646 675 585
Motor gasoline 856 817 767 807 675 607 603 599 576 567 554 515 519 481 479
Diesel oil 66.9  62.1 765 8.2 976 837 841 1011 942 971 928 884 817 821 772
LPG 6.7 741 1.0 129 127 116 118 116 114 116 7.8 75 8.0 9.3 7.2
Refinery gases 210 226 220 242 273 258 257 295 278 291 314 2941 244 304 289
Town gas 0.14 NO NO NO NO NO NO NO NO NO NO NO NO NO NO
Recycled waste oil 052 052 093 134 120 076 047 050 0.61 043 040 070 046 056 0.1
Petroleum coke 4.9 49 47 5.5 5.2 6.1 55 6.1 5.7 5.0 5.3 5.7 4.8 5.3 47
Jet fuel 5.5 49 6.8 6.3 5.8 4.1 4.1 48 4.8 47 5.2 34 25 34 4.2
Aviation gasoline 017 013 014 015 008 004 004 004 003 004 004 004 003 003 003
Process gases 0.08 031 034 029 397 315 383 498 58 509 539 445 417 425 459
Other oil 122 1.2 095 127 129 112 1.1 120 125 294 474 301 254 367 335
Gaseous fuels 90.8 1176 1419 1491 1487 957 824 723 658 756 733 746 747 385 4141
Natural gas 90.8 1176 1419 1491 1487 956 824 719 653 742 680 687 683 324 335
LNG NO NO NO NO NO 0.1 0.1 0.3 0.5 14 5.3 6.0 6.4 6.1 7.6
Peat 533 794 633 709 978 611 580 563 539 619 567 429 383 367 256
Other 11 1.5 33 39 52 104 104 115 128 129 134 13.0 145 140 141
Mixed fuels (MSW/REF 0.2 0.5 1.7 25 4.2 8.3 8.8 10.0 10.9 1.1 11.6 11.1 12.3 11.9 12.2
/RDF/PDF etc.)
Other fossil wastes etc. 089 099 167 137 09 208 163 152 18 184 176 196 219 209 184
Biomass 179.3 2189 2753 2934 3401 377.0 369.6 377.5 4009 4129 4201 3927 4560 414.8 410.0
Black/sulphite liquor 874 1111 1398 1294 1357 1419 1421 1463 1548 167.0 169.7 158.1 1662 1424 1418
Other woodfuels 90.5 1054 1322 1564 1856 1974 1889 2038 2045 2032 2057 1919 2316 2206 216.9
Biogas' 009 065 08 175 169 255 266 263 715 78 78 708 814 736 775
Bio diesel NO NO NO NO 26 179 180 45 129 118 142 126 232 177 1716
Bio gasoline NO NO NO NO 304 308 29  3.01 359 374 392 414 500 522  6.01
Bio gasoil NO NO NO NO 1.7 NO NO NO NO NO NO NO 22 27 2.6
Bio mixed fuels 062 088 1.1 386 656 975 1097 1218 1289 1381 13.60 13.16 14.34 13.83 12.81
Hydrogen 062 09 110 113 110 104 097 100 1.08 134 110 144 152 08 083
Other non-fossil fuels 0.07  0.03 0.3 0.9 22 33 32 41 4.0 4.2 4.0 4.2 3.8 4.0 37
Bunker fuels 373 261 409 382 311 29.7 386 383 428 457 487 246 227 362  38.0
Jet fuel 138 123 145 176 226 262 268 269 287 326 352 119 113 223 263
Light fuel oil 5.1 6.6 6.7 2.0 26 1.1 1.5 1.4 26 2.1 2.7 3.0 4.2 5.8 29
Heavy fuel oil 18.4 73 197 186 5.9 25 103 100 114 109 108 9.7 73 8.1 7.9
LNG NO NO NO NO NO NO NO  0.01 020 005 002 006 005 007 093

" Includes biomethane and LBG
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Table 2_App_3b.

CO; emissions from combustion by fuel, Mt

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Solid fuels
Hard coal
Coke
Blast furnace gases
Coke oven gas
Other coal
Liquid fuels
Heavy fuel oil
Light fuel oil
Motor gasoline
Diesel oil
LPG
Refinery gases
Town gas
Recycled waste oil
Petroleum coke
Jet fuel
Aviation gasoline
Process gases
Other oil
Gaseous fuels '
Natural gas
LNG
Peat
Other
Mixed fuels (MSW/REF/
RDF/PDF etc.)
Other fossil wastes etc.
Biomass
Black/sulphite liquor
Other woodfuels
Biogas 2
Bio diesel
Bio gasoline
Bio gasoil
Bio mixed fuels
Hydrogen
Other non-fossil fuels
Bunker fuels
Jet fuel
Light fuel oil
Heavy fuel oil
LNG

145 142 129 1141 16.2 105 83 101 9.1 8.9 71 5.2 6.3 6.4 4.4
120 115 9.2 75 134 8.1 5.7 75 6.6 6.3 4.9 3.0 3.4 4.2 2.0
063 052 058 060 049 013 012 0.1 010 0.1 0.11 010 010 0.09 0.08
173 18 279 272 203 19 212 222 21 226 177 190 253 190 200
017 030 029 029 027 028 028 030 029 028 029 026 028 028 028
0.002 0.037 0.008 0013 0024 0125 0.004 0.002 0.003 0.007 0.006 0.007 0.001 0.002 0.001
27.3 252 263 258 243 204 201 216 207 205 201 188 179 186 172
5.6 4.6 3.8 35 2.8 1.5 1.6 14 1.3 0.9 0.8 0.7 0.7 0.8 0.7
7.8 7.3 7.2 6.7 5.9 5.2 5.0 5.0 5.1 5.0 5.0 4.8 47 4.9 43
6.2 6.0 5.6 5.9 4.9 4.3 4.3 4.3 4.1 41 4.0 3.7 3.7 34 3.4
4.9 4.6 5.6 6.3 72 6.1 6.1 7.4 6.9 7.1 6.8 6.5 6.0 6.0 5.7
043 046 072 084 082 075 077 076 074 075 0.51 048 052 060 047
1.2 1.3 1.3 14 1.5 1.4 14 1.6 1.5 1.6 1.7 1.6 1.3 1.7 1.7
0.009 NO NO NO NO NO NO NO NO NO NO NO NO NO NO
004 004 007 011 009 006 004 004 005 003 003 006 004 004 005
048 047 046 056 050 062 055 059 056 051 049  0.51 044 052 046
040 036 050 046 043 030 030 035 035 034 038 025 018 025 0.31
001  0.01 0.01 001 001 0.003 0.003 0.003 0.002 0.003 0003 0003 0.002 0.002 0.002
NO NO NO NO  0.02 0.01 0.01 0.02  0.01 0.01 0.01 0.01 0.00 000 0.00
009 009 007 010 010 009 009 009 010 023 037 023 020 028 026
5.0 6.4 7.6 8.0 8.0 5.1 4.4 3.9 3.5 4.0 3.9 4.0 4.0 21 2.2
5.0 6.5 7.8 8.2 8.2 53 4.6 4.0 3.6 41 3.8 3.8 3.8 1.8 1.9
NO NO NO NO NO 0003 0003 002 003 008 029 033 035 034 042
5.6 8.3 6.6 74 102 6.5 6.1 6.0 5.7 6.5 5.9 4.5 4.0 3.9 2.7
010 015 027 033 044 079 080 089 099 099 1.03 1.01 113 110 113
001 004 0.1 019 034 067 070 081 088 089 093 09 099 09 100

0.09 0.1 017 014 010 012 010 0.09 0.1 010 010 0.1 014 014 013
183 222 279 3041 348 382 374 387 407 419 426 398 461 422 416
82 105 132 122 128 134 134 138 146 158 160 149 157 134 134
100 116 145 172 204 217 208 224 224 223 225 211 2564 243 238
0.005 0.035 0047 010 009 014 014 014 058 068 0.69 061 0.71 063  0.67
NO NO NO NO 0.2 1.3 1.3 0.3 0.9 0.9 1.0 0.9 1.7 1.3 1.3
NO NO NO NO 021 022 020 019 025 026 027 028 032 033 037
NO NO NO NO  0.12 NO NO NO NO NO NO NO 016 020 0.19
0.08  0.11 013 043 076 120 135 1.5 1.61 1.7 170 164 179 173 162
NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO
0.007 0003 0028 009 020 027 026 034 033 034 034 034 031 032 030
2.8 2.0 3.1 2.9 23 22 2.9 2.9 3.2 3.4 3.6 1.8 1.7 2.7 2.8
1.0 0.9 1.1 1.3 1.7 1.9 2.0 2.0 2.1 2.4 2.6 0.9 0.8 1.6 1.9
038 049 050 015 019 0.08 0.1 010 019 015 020 022 030 042 0.21
145 057 155 147 047 019 081 079 089 08 084 076 057 063 062
NO NO NO NO NO NO NO 0.000 0.011 0.003 0.001 0.003 0.003 0.004 0.052

" Sum of gaseous fuels includes amount of captured CO, which is reported in 1A2d

2 Includes biomethane and LBG
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Table 3_App_3b. Implied CO, emission factors

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Solid fuels 10041  99.6 1053 1066 982 1004 1040 1019 1022 1040 1018 109.0 1135 1052 1153
Hard coal 936 937 937 931 924 928 922 %3 918 922 918 922 921 922 924
Coke 1067 1068 1068 1067 1068 1064 1059 1059 1059 1059 1059 1059 1059 1059 1059
Blast fumace gases 2506 247.0 2482 247.9 2373 2309 2206 2276 230.3 2200 2208 2239 2297 227.8 2336
Coke oven gas R IR T N R I T 1 S S RS TC T X S S 1S T S A S K TR I A B K
Other coal 1069 970 971 980 914 900 1066 1069 1069 1069 1069 1069 1068 1069 1068
Liquid fuels 738 736 733 734 747 710 707 703 703 702 700 700 702 702 702
Heavy fuel oi 788 788 788 788 788 791 794 791 790 788 787 787 785 784 789
Light fuel o 744 741 741 741 739 731 734 731 731 734 731 731 731 731 731
Motor gasoline 729 729 729 729 729 715 M5 715 715 75 715 715 715 715 715
Diesel oi 736 736 736 736 736 729 730 730 733 734 733 733 733 733 733
LPG 650 650 650 650 650 649 649 649 649 649 649 649 649 649 649
Refinery gases 572 572 568 558 539 548 538 532 547 543 550 540 539 562 576
Town gas 54 NO NO NO NO NO NO NO NO NO NO NO NO NO NO
Recycled waste o 788 788 788 788 788 788 788 788 788 788 788 788 788 788 788
Petroleum coke 975 975 975 1020 957 1015 996 975 997 1014 935 904 923 970  97.0
Jet fuel 732 732 732 732 732 732 732 732 732 732 732 732 732 732 732
Aviation gasoline 73 M3 73 M3 M3 73 M3 73 713 73 713 713 713 713 713
Process gases N\ NA  NA  NA 44 44 31 37 18 17 19 28 03 06 09
Other ol 7.7 781 787 774 788 813 776 788 794 796 783 762 779 772 781
Gaseous fuels' 550 546 537 538 537 537 536 534 533 535 536 540 540 541 542
Natural gas 550 550 550 550 550 552 553 553 553 553 553 554 553 554 555
LNG NO NO NO NO NO 558 558 558 558 558 553 553 553 553 553
Peat 1044 1044 1045 1046 1045 1059 1057 1061 1061 1055 1049 1050 1054 105.1 1047
Other 956 997 825 844 845 760 767 774 772 769 772 715 783 786  80.0
Mixed fuels (MSW/REF/
ROF/PDF etc.) 792 787 653 753 807 803 802 80.3 803 803 803 8.0 8.5 806 815
Otherfossilwastes etc. ~ 98.9 110.9 995 101.2 1007 590 583 584 586 559 572 57.8 657 669 705
Biomass 1021 1015 1015 1024 1022 1013 101.2 1025 1016 101.5 101.4 101.3 1011 1017 1015
Black/sulphite liquor 943 943 943 943 943 043 943 943 943 943 943 943 943 943 943
Other woodfuels 1102 110.0 1100 1102 109.9 1099 109.9 1099 1098 109.6 1096 1097 109.8 1099 109.7
Biogas 56 546 546 546 546 546 546 546 818 868 874 860 877 854 862
Bio diesel NO NO NO NO 714 719 721 719 721 730 729 734 722 726 730
Bio gasoline NO NO NO NO 698 698 681 642 685 693 687 665 640 635 609
Bio gasoil NO NO NO NO 709 NO NO NO NO NO NO NO 716 716 716
Bio mixed fuels 1217 1283 1189 1111 1159 1230 1232 1242 1250 1240 1247 1244 1246 1254 126.1
Hydrogen N\ NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Other non-fossilfuels 990 990 %45 965 892 823 809 813 821 818 87 819 815 794 803
Bunker fuels 764 750 760 760 743 736 746 746 745 744 743 752 748 743 738
Jet fuel 732 732 732 732 732 732 732 732 732 732 732 732 732 732 732
Light fuel oil 744 741 741 744 741 731 734 731 731 734 731 731 731 731 731
Heavy fuel of 788 788 788 788 788 784 784 784 784 784 784 784 784 784 784
LNG NO NO NO NO NO NO NO 558 558 558 553 553 553 553 553

" amount of captured CO, not included in the |EF calculation

2 Includes biomethane and LBG
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Table 4_App_3b.

CH. emissions from combustion by fuel, t

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Solid fuels 286 181 146 123 184 124 91 112 99 103 83 56 64 68 4
Hard coal 269 161 122 99 163 105 72 93 81 84 65 38 43 50 25
Coke 6.0 4.9 55 5.7 47 1.2 1.1 1.1 0.9 1.1 1.0 1.0 1.0 0.8 0.7
Blast fumace gases 6.9 75 112 1.0 9.1 96 104 109 99 114 96 102 126 9.8 9.4
Coke oven gas 4.2 7.2 7.1 7.0 6.6 6.8 6.9 7.3 7.0 6.9 7.0 6.4 6.8 6.8 6.7
Other coal 002 038 017 029 032 142 010 004 009 012 010 010 003 004 0.02
Liquid fuels 5875 4687 3526 2618 1839 1549 1488 1452 1372 1308 1246 1190 1149 1080 986
Heavy fuel oil 257 134 126 120 98 54 52 48 45 36 32 27 28 28 25
Light fuel oil 802 744 701 659 568 480 451 454 445 426 412 392 390 371 326
Motor gasoline 4205 3266 2296 1493 971 838 808 765 722 694 661 647 624 566 532
Diesel oil 546 480 337 270 173 104 105 109 85 75 61 51 39 34 28
LPG 296 278 302 348 324 204 205 273 2710 282 251 263 288 327 269
Refinery gases 218 224 215 247 2719 268 257 295 280 295 318 296 245 304 289
Town gas 0.43 NO NO NO NO NO NO NO NO NO NO NO NO NO NO
Recycled waste oil 053 052 094 136 122 077 048 0.51 062 044 041 0.71 047 05  0.61
Petroleum coke 490 486 469 550 524 614 551 6.08 584 502 527 567 478 533 473
Jet fuel 580 516 714 739 T2 508 512 599 584 590 642 405 3.05 446 501
Aviation gasoline 017 013 014 015 008 004 003 003 002 003 003 003 002 003 0.02
Other ol 238 159 109 129 129 113 112 1.2 137 316 538 319 25 394 397
Process gases NO NO NO NO 432 428 480 515 594 519 552 460 419 429 465
Gaseous fuels 1M1 193 260 338 228 125 111 99 93 113 108 114 135 80 84
Natural gas 111 193 260 338 228 119 104 93 86 95 87 88 93 56 58
LNG NO NO NO NO NO 5.8 6.9 6.2 77 185 205 268 413 234 268
Peat 231 306 292 353 510 358 341 373 366 391 374 278 266 266 233
Other 5.3 3.2 7.7 135 149 451 36.1 342 374 33.2 344 329 401 407 40.2
Mixed fuels (MSW/REF/ 0.2 1.3 25 103 131 418 334 314 337 298 313 294 3641 36.1 36.9
RDF/PDF etc.)
Other fossil wastes etc. 5.1 1.9 53 32 1.8 33 2.7 2.8 3.3 34 3.0 35 3.9 4.6 33
Biomass 5703 6313 6530 8097 9543 8897 8450 9160 9178 9054 8974 7715 8711 8054 7808
Black/sulphite liquor 87 1M 140 129 136 142 142 146 155 167 170 158 166 142 142
Other woodfuels 5610 6140 6308 7878 9128 8325 7872 8589 8570 8463 8393 7161 8113 7496 7256
Biogas ' 0.37 59 76 75 191 310 324 331 345 318 303 284 289 276 266
Bio diesel NO NO NO NO 464 2206 2251 490 1166 906 936 732 11.02 7.4 6.45
Bio gasoline NO NO NO NO 4422 4296 3882 3842 4498 4571 4670 5196 60.09 6145 66.82
Bio gasoil NO NO NO NO 1340 NO NO NO NO NO NO NO 1348 15.04 1447
Bio mixed fuels 3.8 2.3 49 108  20.1 47.1 412 372 391 374 366 356 418 419 399
Hydrogen 0.6 1.0 1.1 1.1 1.1 1.2 1.1 1.1 1.2 15 1.2 1.5 1.6 0.9 0.9
Other non-fossil fuels 030 0.1 074 193 502 699 896 1244 1196 1249 135 1511 1574 13.87 15.97
Bunker fuels 136 74 156 129 64 64 113 108 131 118 121 112 109 123 127
Jet fuel 0 1 1 5 13 42 33 31 34 30 31 29 36 36 37
Light fuel oil 22 29 31 10 13 6 9 8 14 12 15 15 21 29 14
Heavy fuel oil 113 45 123 114 38 17 4l 69 79 75 74 67 51 56 55
LNG NO NO NO NO NO NO NO 0.2 4.5 1.2 04 1.4 1.3 16 212

" Includes biomethane and LBG
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Table 5_App_3b. N2O emissions from combustion by fuel, t

1990 1995 2000 2005 2010 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Solid fuels 293 274 240 241 257 196 180 248 216 207 193 134 146 147 57
Hard coal 274 248 215 215 233 173 157 224 195 182 171 112 121 125 37
Coke 6.6 5.3 6.1 6.4 5.3 1.6 14 1.2 1.1 1.2 1.2 1.1 1.1 1.0 0.8
Blast fumace gases 71 75 112 112 103 127 134 140 122 151 135 141 16.6 131 11.8
Coke oven gas 42 7.9 8.0 7.9 7.3 7.5 7.5 8.0 7.7 7.5 7.4 6.9 7.5 7.3 7.4
Other coal 060 505 024 041 037 149 023 009 02 022 017 017 005 009 0.03
Liquid fuels 958 891 786 663 571 478 468 512 490 514 509 467 428 455 421
Heavy fuel oil 154 119 101 92 75 38 36 33 28 20 18 15 16 16 13
Light fuel oil 210 197 190 168 140 119 110 112 111 109 105 99 102 106 90
Motor gasoline 300 321 281 196 108 68 62 56 51 47 43 41 38 37 35
Diesel oil 220 179 129 112 141 156 163 202 192 205 205 209 185 190 183
LPG 10.1 102 160 187 176 164 163 163 152 156 118 108 115 123  10.1
Refinery gases 40.2 433 424 489 554 505 505 577 549 577 617 574 477 576 550
Town gas 0.14 NO NO NO NO NO NO NO NO NO NO NO NO NO NO
Recycled waste oil 054 052 122 227 244 144 082 09 118 079 070 130 08 103 113
Petroleum coke 9.8 9.7 94 110 105 123 1.0 122 117 100 105 113 96 107 9.5
Jet fuel 1.1 99 137 127 117 8.3 8.2 9.6 9.6 9.3 103 6.9 5.0 6.8 8.5
Aviation gasoline 034 026 029 030 017 008 008 008 007 008 007 007 006 006 0.06
Other oil 1.8 1.7 15 1.7 1.7 17 1.6 1.8 43 299 314 5.6 29 9.8 7.0
Process gas NO NO NO NO 7.9 6.4 7.7 99 116 102 108 8.9 8.4 8.5 9.2
Gaseous fuels 103 130 163 166 164 110 96 86 80 90 87 90 89 48 52
Natural gas 103 130 163 166 164 109 96 85 78 88 81 82 81 40 42
LNG NO NO NO NO NO 017 012 065 113 226 633 767 831 750  9.28
Peat 169 290 259 312 421 250 248 241 225 276 244 186 17 177 110
Other 21 35 5.1 120 180 271 285 323 375 395 379 382 446 416 409
Mixed fuels MSW/REF/RD ~ 0.18  1.30  1.01 87 162 229 251 287 330 350 340 335 393 364 368
Other fossil wastes etc. 19 221 404 330 174 417 338 365 452 446 383 470 532 526 410
Biomass 288 364 534 594 751 815 792 802 829 861 875 832 1016 955 994
Black/sulphite liquor 88 111 140 129 136 142 142 147 155 167 170 158 166 143 142
Other woodfuels 197 249 388 442 569 596 567 594 587 602 611 582 726 703 744
Biogas ' 010 067 089 183 175 292 308 298 753 828 832 752 863 797 837
Bio diesel NO NO NO NO 378 3297 3497 9.08 26.37 2480 3136 2979 5270 41.03 41.73
Bio gasoline NO NO NO NO 494 353 299 283 315 306 306 330 370 401 445
Bio gasoil NO NO NO NO  3.03 NO NO NO NO NO NO NO 353 430 398
Bio mixed fuels 098 228 315 16.30 2430 28.04 3320 3718 40.04 4446 4149 4047 46.00 4257 40.35
Hydrogen 063 107 122 133 120 111 104 108 116 144 119 154 163 097 090
Other non-fossil fuels 052 020 108 290  6.61 833 7.08 868 838 901 909 916 799 844 777
Bunker fuels 48 29 55 49 32 29 46 49 58 59 58 56 60 61 57
Jet fuel 0 1 1 8 16 23 25 29 33 35 34 33 39 36 37
Light fuel oil 10 13 13 39 5.0 20 29 2.6 4.8 38 5.0 5.5 76 105 5.3
Heavy fuel oil 38 15 41 37 11 4 19 18 21 20 19 18 13 15 14
LNG NO NO NO NO NO NO NO 000 006 002 001 0.02 002 002 0.30

" Includes biomethane and LBG
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Appendix_3c

Data on CO: capture and transfer to PCC production from lime
kilns, industrial power plants and hydrogen production

Table 1_App_3c Amount of produced PCC.

1993 1995 2000 2005 2010 2011 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Produced PCC using transferred CO,, kt 20 1232 4172 4174 4498 409.7 3405 3163 3149 3034 3070 2826 2309 2200 110.3 117.9

The Finnish Forest Industries collected the total produced amount of PCC for years 1993 to 2007. Statistics Finland have collected PCC data for years since 2008
from Production statistics (plant specific data from Statistics Finland's manufacturing industry surveys), from YLVA database or from PCC producing plants directly.
Annual production (years 1993 to 2007) has been compared with added up plant level PCC data received from production statistics, only small differences (+/-2%)
were noticed (years 2000 to 2007).

Table 2_App_3c The share of fossil fuels of total transferred CO,.
1993 1995 2000 2005 2010 2011 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

The share of biological emission of total

transferred CO, (%) 8 14 19 11 0 0 0 120 28™ 40" 40" 39 58+ 52+
The share of fossil fuels and other
emissions of total transferred CO, (%) 92 86 81 89 100 100 100 88 72 60 60 61 42 48

All fuels used in the lime kilns and industrial power plants for the whole time series have been collected unit level and the percentage of emissions from fossil fuels have
been calculated separately.

* A plant using wood fuels was closed down

** One plant combusted tall-oil pitch

*** One plant combusted tall-oil and barks

Table 3_App_3c Reported (negative emission figure in 1.A 2d Transferred CO,) emissions in the inventory.

1993 1995 2000 2005 2010 2011 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Reported transferred CO, kt 09 542 1834 1835 1978 180.1 149.7 1391 1384 1334 1350 1243 1015 96.7 48.5 51.9

Statistics Finland has received kiln and plant level data of transferred CO, from 2005 to 2023 from the Energy Authority (one company is not in EU ETS anymore, the
data on transferred CO2 are received from the company). The pulp and paper companies do not measure the amount of transferred CO, but calculate it based on the
amount of produced PCC. The amount of transferred CO, from 1993 to 2004 has been calculated at Statistics Finland using the total amount of produced PCC (based
on production data received from the Finnish Forest Industries). The amount of transferred CO, for 2013 to 2023 has been calculated at Statistics Finland using the
amout of produced PCC (Production statistics as mentioned in Table 1_3c). Statistics Finland has also checked that CO, amount of every single plant (years 2005 to
2012) summed up is the same as the amount calculated from the total amount of PCC production.
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Appendix_3d

Statement on potential CO2 emissions from Calcium Carbonate in
fibre sludge

Concerning the potential emission of CO, from calcium carbonate-water interaction in fibre sludge-bearing
earth structures, we state the following:

Precipitated Calcium Carbonate, also known as PCC, is a widely used artificial additive in paper making
processes, particularly as a filler in fine paper production. Depending on the material efficiency in
papermaking, minor amounts of PCC will be carried along to effluent, where PCC will be recovered mainly
by using a simple external purification method based on gravity. Since the essential part of papermaking is the
use of chemical pulp, certain amounts of wood-based fibres can also be found from this recovered fraction.

PCC-bearing fibre sludge is nowadays mainly utilised in many earth construction applications, e.g., as a
hydraulic barrier in landfill cover structures, in impermeable reactive walls and in the sub-base filter in roads
and sport areas. Under these circumstances, it will be occasionally exposed to acid rainwater. Infiltration of
water into a fibre sludge layer depends on its hydraulic conductivity, which is typically lower than 10-9 m/s.

The crystal forms of PCC are aragonite and calcite, depending upon manufacturing conditions. Typical for
aragonite are needles and aggregates of needles, whereas calcite precipitates as scalenohedral or rhombohedral
agglomerates, or prismatic particles. PCC is a very stable compound in moisture-free, neutral or alkaline
conditions. When the pH of water containing calcium carbonate is between 8.4 and 9.9, the solubility of
calcium carbonate as such is very small, only 25 mg/dm?. However, the solubility in that case is also greatly
dependent on the content of dissolved carbon dioxide in water. With very high carbon dioxide concentration,
the solubility could even be 1,500 mg/dm?3. This is due to the decomposition of the bicarbonate formed in the
solution. If the pH drops below 6.5-7.0, the solubility increases dramatically. A complex mixture is formed,
including different soluble calcium cations and carbonate anions, depending on pH, concentration, and time.

Equilibrium relations between CO in atmosphere, pH and carbonic acid components in water and
precipitation/dissolution of calcium carbonate can be calculated using the following reactions and related
equilibrium constants (Appelo and Postma, 1996, Garrels and Christ, 1965):

CO; (gas) + H,0O = H,COs (aq) KCO, =104 QD
H,CO; = HCOs + H* K1=10%% (2)
COs + H* = HCOy K, = 10103 (3)
CaCOs (s) = Ca?* + COs> Kep = 1083 (4)
H.O = H" + OH Kw = 10 (5)

By summing up equations one to four, the following net carbonate dissolution reaction is obtained:
CaCOs + CO; (gas) + H,0 = Ca?" + 2HCOs K = 1058 (6)
From the above equation, important stoichiometric conditions can be seen:

1) For two bicarbonate ions that are formed, one carbon ion is from calcium carbonate and the other one is
from CO;

2) For one Ca?* ion dissolved one CO, molecule is consumed from the solution. In the open system, this CO,

is replaced from the CO: in the atmosphere. In other words, dissolution of calcium carbonate contributes to
the atmospheric CO- sink rather than causes emission of CO- gas.
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What happens when rainwater is equilibrated with calcium carbonate in soil or sediment? This is
demonstrated below under two different conditions:

1) A contact with atmospheric CO; is retained (open system) or
2) The system becomes closed to atmosphere before the reaction with calcium carbonate is started.

Results are shown in Table 1_App_3d. Rainwater, which is in equilibrium with the present CO, pressure of
the atmosphere (10-3.5 atm) has a pH value of 5.66 and a total dissolved carbon content (CT) of 10-4.9 mol.
In an open soil system, calcium carbonate will dissolve until the Ca?* concentration of pore water reaches a
value of around 20 mg/l and the total carbon content 10-3.0 mol. As far as calcium carbonate is present, the
pH value of water is buffered by this reaction at 8.3. In a closed system, the dissolution of calcium carbonate
is more restricted resulting in a Ca?* concentration of around 6 mg/l, pH of 9.9 and a lower CT content
compared to the open system. Evidently, the external source of atmospheric CO; in the open system promotes
the solution reaction.

Table 1_App_3d. Contents of carbon species (mol) and Ca?* (mg/l), pH, and PCO2 (atm) in rainwater before
and after equilibration in soil with calcium carbonate in open and closed systems

Rainwater Carbonate-water Carbonate-water
Open system Closed system

logPCO, -35 -3.5 -6.0
pH 5.7 8.3 9.9

logH2CO3 -5.0 -5.0 -7.5
logHCO3 5.7 -3.0 -4.0
log COs> -10.3 -5.0 -4.4
logCT -4.9 -3.0 -3.9
Ca* - 20 5.7

In conclusion, based on the above discussion, no CO; emission to the atmosphere can be expected from
the dissolution of PCC if fibre sludge is used as a material in earth construction.
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Appendix_3e

Quality assurance of emissions trading data (emissions and energy)

An installation under the EU emissions trading System requires an emission permit, on the basis of which it
has the right to release greenhouse gases to the atmosphere. The permits are granted by the Energy Authority.
In the emission permit application, the operator presents a monitoring plan showing the monitoring methods
for the installation’s greenhouse gas emissions. The European Commission has issued Regulation (EU) No
2018/2066 on the monitoring and reporting of greenhouse gas emissions, where the monitoring requirements
and accuracy levels of emission data are defined. The operators report on their emissions by submitting annual
emission reports to the Energy Authority for accounting the installations’ emission volumes in the previous
year. The emission reports must be verified before submitting them to the emissions trading authority.
Verification is made by independent accredited actors approved by the Energy Authority.

For monitoring the installation’s emissions, the operator must decide whether to apply calculation-based
methodology (standard and mass-balance methodology) or measurement-based methodology (CEMS,
Continuous Emission Measurement Systems) for the monitoring. In special cases, emissions can be defined
with a method that is not based on determination levels (the so-called fall-back methodology).

In the standard methodology, emissions caused by the combustion of each fuel are calculated based on the
amount of fuel used. The net calorific value, emission factor and oxidation factor are used in calculating
emissions. The used values are mainly fuel-specific values according to the classification of fuels published
by Statistics Finland or the installation’s fuel/fuel load-specific values determined in accredited laboratories.

In the methodology based on mass balance, the amount of the entering and leaving material is compared, and
the carbon content of the material is taken into account in determining emissions. The mass-balance
methodology is used in the steel industry, for example, where carbon is bound to products manufactured in the
production process.

In methodology based on continuous emission measurement systems (CEMS), emissions must be determined
by direct or indirect content measurement from flue gases. The measurement must be made with a method
based on standards and the operator must ensure that the calibration of the measurement equipment is
performed according to the standards.

Measuring equipment approved in the monitoring plan is used in determining the volume of fuel used or
emissions. In the monitoring plan, requirements are set for determining emissions (and the measurement
equipment) concerning calibration and the highest allowed uncertainty, for example. The requirement level
depends on the installation’s total emission volume and the annual emission volume of the fuel in question, so
with larger emission volumes, the measurement accuracy must be better. For example, the highest allowed
uncertainty for combustion plants can be, depending on what was mentioned above, +£7.5/5.0/2.5/1.5%.
Determining the quantity of fuel can take place when the fuel arrives at the installation (e.g. weighing with a
weighbridge) or closer to the actual use (e.g. flow measurement of boiler fuel).

In verifying the emission report, the operator must use a verifier approved and accredited in Finland on the
basis of the Emissions Trading Act. The verification concerns the reliability, credibility and accuracy of the
monitoring system and the reported emission figures and data. The verifiers belonging to the scope of the
Emissions Trading Act are approved by the Energy Authority. The FINAS accreditation service acting as the
external reviewer required by the act is responsible for assessing the competence of verifiers.

In the verification task, the verifier must comply with the Verification Regulation (EU) 2018/2067) issued by
the European Commission. In the verification, the verifier examines that the operator has acted according to
the requirements of the installation’s monitoring plan and that the data reported in the emission report are
accurate. The starting point is that the verifier visits each installation every year. In the verification, the
calculation of the installation’s emission data is reviewed and the reliability of the data is assessed. For
example, the correctness of fuel volume data can be reviewed from indicators and correspondingly, the
correctness of the emission factor/caloric value from the laboratory analysis certificate.
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4 INDUSTRIAL PROCESSES AND PRODUCT
USE (CRT 2)

4.1 Overview of the sector

4.1.1 Description and quantitative overview

The following technical challenges of the ETF inventory tool have been identified:
- the notation key explanations and information from documentation boxes are missing from CRT tables but
included as a separate attachment to the NID, Annex 8.
- For F-gases, the proble