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ES-1 BACKGROUND INFORMATION ON GREENHOUSE GAS
INVENTORIES AND CLIMATE CHANGE

The present report is the official inventory submission of the European Union (EU) for 2023 under the
United Nations Framework Convention on Climate Change (UNFCCC).

Consistent with the latest Decision on the UNFCCC Reporting Guidelines adopted at COP27 in
Sharm-EI-Sheik, the EU has decided to apply the 100-year global warming potentials values to
calculate the carbon dioxide equivalence of anthropogenic GHG emissions by sources and removals
by sinks as set out in table 8.A.1 of the contribution of Working Group 1 to the Fifth Assessment
Report of the IPCC from the current 2023 inventory submission.

The European Union (EU), as a party to the UNFCCC, reports annually on greenhouse gas (GHG)
inventories for the years between 1990 and 2021 which is the current calendar year (t) minus two (t-2),
for emissions and removals within the area covered by its Member States (i.e. emissions taking place
within its territory).

The legal basis for the compilation of the EU inventory is the Regulation (EU) 2018/1999 of the
European Parliament and of the Council of 11 December 2018 on the Governance of the Energy
Union and Climate Action (Governance Regulation)! and the Commission Implementing Regulation
(EVU) 2020/1208 of 7 August 2020 on structure, format, submission processes and review of
information reported by Member States pursuant to Regulation (EU) 2018/1999 of the European
Parliament and of the Council and repealing Commission Implementing Regulation (EU) No
749/20142

These Regulations establish inter alia a mechanism for:

a) ensuring the timeliness, transparency, accuracy, consistency, comparability and completeness of
reporting by the EU and its Member States to the UNFCCC Secretariat;

b) reporting and verifying information relating to commitments of the EU and its Member States
pursuant to the UNFCCC and the Paris Agreement and evaluating progress towards meeting those
commitments;

¢) monitoring and reporting all anthropogenic emissions by sources, and removals by sinks, of GHGs
not controlled by the Montreal Protocol on substances that deplete the ozone layer in Member
States;

d) monitoring, reporting, reviewing and verifying GHG emissions and other information under the Effort
Sharing Regulation3.

The Governance Regulation replaces and expands the previous Monitoring Mechanism Regulation
525/2013.

The EU GHG inventory comprises the direct sum of emissions and removals from the national
inventories compiled by the EU Member States. Energy data from Eurostat are used for the reference
approach for CO2 emissions from fossil fuels, developed by the Intergovernmental Panel on Climate
Change (IPCC).

The main institutions involved in the compilation of the EU GHG inventory are the Member States, the
European Commission Directorate-General for Climate Action (DG CLIMA), the European

1 0J L 328, 21.12.2018, p. 1-77 .
20J L 278, 26.8.2020, pp. 1-132

3 Regulation (EU) 2018/842 of the European Parliament and of the Council of 30 May 2018 on binding annual greenhouse gas
emission reductions by Member States from 2021 to 2030 contributing to climate action to meet commitments under the Paris
Agreement and amending Regulation (EU) No 525/2013 (OJ L 156, 19.6.2018, p. 26-42.
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Environment Agency (EEA) and its European Topic Centre on Climate Change Mitigation (ETC/CM),
and Eurostat.

The annual process of compiling the EU GHG inventory is described below:

1. Member States submit their annual GHG inventories by 15 January each year to the
European Commission (DG CLIMA), with a copy to the EEA.

2. The EEA and its ETC/CM then perform ‘initial checks’ on the data submitted. Specific
findings from the initial quality assurance/quality control (QA/QC) checks are
communicated to Member States by 28 February. In addition, the draft EU GHG
inventory and inventory report are circulated to Member States for review and
comments by 28 February.

3. Member States check their national data and the information presented in the EU GHG
inventory report, respond to specific findings from the initial QA/QC checks by the EU
inventory team, that may lead to improved emissions and removals by Member States,
send updates if necessary and review the EU inventory report by 15 March.

4. The EEA and its ETC/CM review final inventory submissions from Member States and
their responses to the initial checks and prepare the final EU GHG inventory and
inventory report by 15 April so that they can be submitted to the UNFCCC*.

ES-2 SUMMARY OF GREENHOUSE GAS EMISSIONS TRENDS IN
THE EU

Total GHG emissions - including Land Use, Land Use Change and Forestry (LULUCF), indirect CO2
emissions and international aviation - in the EU amounted to 3 311 million tonnes CO:z equivalent in
2021. All GHG emission totals provided in this report include indirect CO2 emissions®. The EU’s
national total emissions® also include LULUCF and international aviation to be consistent with the
scope of the EU’s 2030 Nationally Determined Contribution (NDC)”

In 2021, total GHG emissions were 30 % (-1 401 million tonnes CO:2 equivalents) below 1990 levels.
Emissions increased by 6.2 % or 193 million tonnes CO: equivalent) between 2020 and 2021. Still,
emissions in 2021 remained below the 2019 pre-COVID-19 pandemic level (3 477 million tonnes CO:2
equivalent) and confirm an overall downward trend (Figure ES. 1).

4 The EU, as Party to the UNFCCC, reports its GHG inventory according to UNFCCC Decision 24/CP.19 (reporting guidelines on
annual GHG inventories). The EU should not be held liable for any errors caused by the UNFCCC CRF Reporter software during
the technical review of the information submitted.

5 According to the UNFCCC reporting guidelines, Annex | Parties may report indirect CO, from the atmospheric oxidation of CHy,
CO and NMVOC:s. For Parties that decide to report indirect CO,, the national totals will be presented with and without indirect
CO,. The EU national total includes indirect CO, emissions if Member States have reported these emissions. The CRF tables
include national totals, including and excluding indirect CO, emissions.

8 Unless otherwise specified, the national GHG totals in this report always include LULUCF. They may also be referred to as ‘net’
total GHG emissions. The other UNFCCC sectors that are included in the national totals are energy, industrial processes and
product use, agriculture, waste, international aviation, and indirect CO, emissions.

7 https://unfcce.int/NDCREG



Figure ES. 1 EU GHG emissions (incl. LULUCF, indirect CO2 emissions and international aviation)
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Notes: The GHG emissions data shown in this figure include indirect CO, emissions, emissions and removals from

LULUCF; and emissions from international aviation, but exclude emissions from international maritime
transport. CO, emissions from biomass with energy recovery are reported as a Memorandum item according
to UNFCCC guidelines and are not included in national totals. In addition, no adjustments for temperature
variations or electricity trade are considered. The 100-year global warming potentials are those from the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change (IPCC).

1.1 Main trends by source category, 1990-2021

Total GHG emissions (including LULUCF and international aviation) decreased by 1401 Mt CO: eq.
since 1990 (or 29.7 %) reaching 3 311 Mt CO: equivalent in 2021. There has been a progressive
decoupling of gross domestic product (GDP) and GHG emission compared to 1990, with an increase
in GDP of 61 % alongside a decrease in emissions of about 30 % over the period.

The trend in GHG emissions over the 31-year period was driven by a variety of factors, including the
growing share in the use of renewables, the use of less carbon intensive fossil fuels and
improvements in energy efficiency, as well as to structural changes in the economy, and more recently
the economic recession from the COVID-19 pandemic in 2020 and the recovery of 2021.

The long-lasting changes have resulted in a lower energy intensity of the economy and in a lower
carbon intensity of energy production and consumption in 2021 compared to 1990. Demand for energy
to heat households has also been lower, as Europe on average has experienced milder winters since
1990, which has also helped reduce emissions.

GHG emissions decreased in the majority of sectors between 1990 and 2021, with the notable
exception of transport, refrigeration and air conditioning, where emissions increased, and forest land,
where net removals decreased. For the latter, the main reasons for the decrease in net removals
include the aging of the forests from the late 2000s and a lower annual increment, as well as
increased harvesting. At the aggregate level, emission reductions were largest for manufacturing
industries and construction, electricity and heat production, iron and steel production (including

energy-related emissions) and residential combustion.
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A combination of factors explains lower emissions in industrial sectors, such as improved efficiency
and lower carbon intensity as well as structural changes in the economy, with a higher share of
services and a lower share of more-energy-intensive industry in total GDP.

Emissions from electricity and heat production have decreased strongly since 1990. In addition to
improved energy efficiency there has been a move towards less carbon intense fuels. Between 1990
and 2021, the use of solid and liquid fuels in thermal power stations decreased strongly (by 53% and
85%, respectively) whereas natural gas consumption developed in the opposite direction (increasing
by 76%). Coal consumption in 1990 was two times higher than in 2021. The use of renewable energy
sources in electricity and heat generation has increased substantially in the EU since 1990 (by almost
four times, including also non-combustible renewables). Improved energy efficiency and a less carbon
intensive fuel mix have resulted in reduced CO2 emissions per unit of fossil energy generated.

Emissions in the residential sector also represented one of the largest reductions. Energy efficiency
improvements from better insulation standards in buildings, and a less carbon-intensive fuel mix, can
partly explain lower demand for space heating in the EU over the past 31 years.

In terms of the main GHGs, CO2 was responsible for the largest reduction in emissions since 1990.
Reductions in emissions from N2O and CH4 have been substantial, reflecting lower levels of mining
activities, lower agricultural livestock, as well as lower emissions from managed waste disposal on
land and from reduced adipic and nitric acid production.

A number of policies (both EU and country-specific) have contributed to the overall GHG emission
reduction, including key agricultural and environmental policies in the 1990s and climate and energy
policies in the past 16 years since 2005. Despite quick progress reducing agricultural emissions during
the 1990s and early 2000s, they have remained broadly stable since 2005.

Almost all EU Member States reduced emissions compared to 1990 and thus contributed to the overall
positive EU performance. Germany, Romania, Italy and France accounted for two thirds of the total
net reduction in EU emissions during the past 31 years.

Table ES. 1 shows those categories that made the largest contribution to the change in total GHG
emissions and removals in the EU between 1990 and 2021.



Table ES. 1 Overview of EU categories whose emissions and/or removals increased or decreased

by more than 20 million tonnes CO:2 equivalent in the period 1990-2021

Source category

Million tonnes
(CO, equivalents)

Road Transportation (CO2 from 1.A.3.b) 131
Refrigeration and Air conditioning (HFCs from 2.F.1) 64
Forest Land (CO2 from 4.A.1) 52
Agricultural soils: Direct N20 emissions (N20 from 3.D.1) -22
Cement Production (CO2 from 2.A.1) -23
Cropland (CO2 from 4.B.1) -23
Adipic Acid Production (N20 from 2.B.3) -33
Nitric Acid Production (N20 from 2.B.2) -38
Fuels used Commercial/Institutional Sector (CO2 from 1.A.4.a) -41
Managed Waste Disposal Sites (CH4 from 5.A.1) -42
Fugitive Emissions from Qil and Natural Gas (CH4 from 1.B.2) -42
Enteric Fermentation: Cattle (CH4 from 3.A.1) -45
Fugitive Emissions from Solid Fuels (CH4 from 1.B.1) -60
Manufacture of Solid Fuels and Other Energy Industries (CO2 from 1.A.1.c) -71
Iron and Steel Production (CO2 from 1.A.2.a + 2.C.1) -108
Fuels used Residential Sector (CO2 from 1.A.4.b) -120
Manufacturing industries (excl. Iron and steel) (Energy-related CO2 from 1.A.2 excl. 1.A.2.a) -218
Public Electricity and Heat Production (CO2 from 1.A.1.a) -518
Total -1401

Notes: As the table only presents sectors whose emissions have increased or decreased by at least 20 million tonnes
CO; equivalent, the sum of the EU key categories in this table does not match the total change in emissions listed
at the bottom of the table, which includes all emission sources in the EU inventory. Note that LULUCF categories

and the Memorandum item of international aviation are reflected in this table.

1.2 Main trends by source category, 2020-2021

Total GHG emissions (including LULUCF and international aviation) increased in 2021 by 193 million
tonnes, or 6.2 % compared to 2020, to reach 3 311 Mt CO2 equivalent in 2021. The increase in GHG
emissions in 2021 was the largest in absolute and relative terms year-on-year in the EU since 1990.

This can be attributed to the economic recovery, underpinned by higher coal use in the power sector
and transport demand, that followed the strong contraction in economic activity during the COVID-19

pandemic in 2020.

At EU level, almost two thirds of the net increase in GHG emissions in 2021 took place in road
transportation and public electricity and heat production. But almost all economic sectors saw
significant emission increases in 2021, including manufacturing industries and construction, iron and

steel, and international aviation, among others.

The largest increase in CO2 emissions in 2021 came from electricity and heat production, with 64 Mt
(or 10% increase compared to 2020). The increase was driven almost fully by higher coal use in power
stations. Also, greenhouse gas emissions from stationary installations in the EU ETS increased by
about 7% in 2021, which represents the largest increase in emissions since the ETS began operating

in 2005.

Based on Eurostat energy statistics, total electricity production increased in the EU in 2021. Bioenergy
and solar electricity increased, while wind and hydroelectricity declined. Nuclear electricity also

increased in 2021.




The second largest increase occurred in road transport, with CO2 emissions increasing by 60 Mt (or
9%) in 2021, after a drastic reduction in transport activity in 2020 due to the lockdown measures
during the COVID-19 pandemic. Passenger cars accounted for the largest share of the increase in
road transport emissions, but emissions from light duty and heavy-duty vehicles also increased

significantly in 2021.

Finally, COVID-19 pandemic-related travelling restrictions in 2020 had led to a major decrease in GHG
emissions in the aviation sector (both domestic and international) of 57% compared to 2019 levels.
Although emissions from international aviation increased in 2021 compared to 2020, the increase did
not offset the massive reduction of 2020, with 2021 emissions remaining at levels comparable to those

of the mid-1990s.

Table ES. 2 shows the categories making the largest contribution to the change in GHG emissions

and removals in the EU between 2020 and 2021.

Table ES. 2 Overview of EU categories whose emissions and/or removals increased or decreased by more than

3 million tonnes CO2 equivalent in the period 2020-2021

Source category

Million tonnes
(CO; equivalents)

Public Electricity and Heat Production (CO2 from 1.A.1.a) 64
Road Transportation (CO2 from 1.A.3.b) 60
Iron and Steel Production (CO2 from 1.A.2.a + 2.C.1) 20
Manufacturing industries (excl. Iron and steel) (Energy-related CO2 from 1.A.2 excl. 1.A.2.a) 17
International Aviation (CO2 from 1.D.1.a) 13
Forest Land (CO2 from 4.A.1) 9
Fuels used Commercial/Institutional Sector (CO2 from 1.A.4.a) 8
Grassland (CO2 from 4.C.1) 5
Fuels used Residential Sector (CO2 from 1.A.4.b) 4
Harvested Wood Products (CO2 from 4.G) -6
Total 193

Notes: As the table only presents sectors whose emissions have increased or decreased by at least 3 million tonnes of
CO; equivalent, the sum of the EU key categories in this table does not match the total change in emissions listed
at the bottom of the table, which includes all emission sources in the EU inventory. Note that LULUCF categories

and the Memorandum item international aviation are reflected in this table.

1.3 Overview of total GHG emissions by countries

Table ES.3 gives an overview of total GHG emissions by countries, illustrating where the main

changes occurred.
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Table ES. 3 GHG emissions in million tonnes CO2 equivalent (incl. LULUCF and international aviation)

Change Change 19901
1990 2021 2020-2021 . -°? 29021 29021
million million million
t(onnes) t(onnes) t(onnes) (%) (%)

Austria 67.7 68.4 -1.4 -2.0% 0.9%
Belgium 146.1 115.2 46 4.2% -21.1%
Bulgaria 83.4 45.3 6.3 16.1% -45.6%
Croatia 256 18.9 0.5 2.9% -26.1%
Cyprus 6.2 9.1 0.5 5.3% 45.7%
Czechia 192.8 127.8 2.4 1.9% -33.7%
Denmark 80.2 47.5 06 1.3% -40.7%
Estonia 36.7 15.6 16 11.7% -57.4%
Finland 46.5 492 9.6 24.2% 5.8%
France 531.0 406.2 27.1 7.2% -23.5%
Germany 1299.4 782.7 337 4.5% -39.8%
Greece 104.2 74.5 3.2 4.4% -28.5%
Hungary 92.1 57.4 1.2 2.2% -37.7%
Ireland 62.7 70.8 35 5.2% 12.8%
ltaly 522.3 395.1 38.9 10.9% -24.4%
Latvia 13.9 13.4 1.9 16.5% -3.8%
Lithuania 43.2 14.4 0.7 4.8% -66.7%
Luxembourg 13.1 10.7 0.4 4.3% -18.8%
Malta 2.8 2.4 0.1 2.9% -15.4%
Netherlands 233.6 179.3 37 2.1% -23.2%
Poland 447.0 3823 28.0 7.9% -14.5%
Portugal 68.2 52.5 -2.5 -4.6% -23.0%
Romania 229.3 66.4 46 7.5% -71.0%
Slovakia 64.6 33.7 4.1 13.8% -47.8%
Slovenia 14.5 13.0 0.2 1.3% -9.9%
Spain 258.6 252.6 18.0 7.7% -2.3%
Sweden 26.5 71 1.2 21.1% -73.2%
EU-27 4712.3 33115 192.8 6.2% -29.7%

ES-3 SUMMARY OF EMISSIONS AND REMOVALS BY MAIN
GREENHOUSE GAS

Table ES. 4 gives an overview of the main trends in the EU GHG emissions and removals for the
period 1990-2021. By far the most important GHG is COz2, which accounted for 80 % of total EU
emissions in 2021, including LULUCF. In 2020, EU CO:2 emissions including LULUCF and aviation
were 2633 million tonnes, which was 29 % below 1990 levels. Compared to 2020, CO2 emissions
increased by 8 %. During that period CH4 and N2O emissions decreased slightly.
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Table ES. 4 Overview of EU GHG emissions and removals from 1990 to 2021 in million tonnes CO2 equivalent

GREENHOUSE GAS EMISSIONS 1990 1995 2000 2005 2010 2015 2020 2021
Net CO, emissions/removals 3646 3306 3285 3382 3070 2761 2378 2564
CO International aviation 54 65 84 95 100 108 56 69
CH4 663 607 557 510 471 444 418 415
CH 4 International aviation 0 0 0 0 0 0 0 1
NoO 300 275 244 232 192 189 185 185
N > O International aviation 0 1 1 1 1 1 0 1
HFCs 13 21 41 62 86 87 73 70
PFCs 22 15 10 8 3 3 2 2
Unspecified mix of HFCs and PFCs 5 5 2 1 1 1 2 2
SFs 10 14 9 7 6 6 5 5
NF 0 0 0 0 0 0 0 0
Total (including LULUCF and aviation) 4712| 4310 4233 4296 3929 3599 3119 3311

Notes: CO, emissions include indirect CO,. Please note that historical data may have changed compared to last year's
Inventory Report due to recalculations

More detailed information can be found in Chapter 2.

ES-4 SUMMARY OF EMISSIONS AND REMOVALS BY MAIN
SOURCE AND SINK CATEGORY

Table ES. 5 gives an overview of EU GHG emissions in the main categories for the period 1990-2021.
The most important sector in terms of GHG emissions is energy (i.e. combustion and fugitive
emissions), which accounted for 80 % of total EU emissions including LULUCF in 2021. The second
largest sector is agriculture (11 %), followed by industrial processes (10 %). The LULUCF sector
accounted for 6.5% of the EU’s gross national total emissions (excluding LULUCF and including
international aviation) in 2021. More detailed trend descriptions are included in the individual sector
chapters (chapters 3-7).

Table ES. 5 Overview of EU GHG emissions (in million tonnes COz-equivalent) in the main source and sink
categories for the period 1990 to 2021

GHG SOURCE AND SINK 1990 1995 2000 2005 2010 2015 2020 2021

1. Energy 3747| 3521 3454| 3589 3305 2967 2500 2663
2. Industrial Processes 445 427 409 425 358 340 307 318
3. Agriculture 485 419 409 389 376 384 382 378
4. Land-Use, Land-Use Change and Forestry -209 -316 -304 -342 -353 -322 -241 -230
5. Waste 184 188 174 154 137 118 111 108
6. Other 0 0 0 0 0 0 0 0
Indirect CO; emissions <] 6 5 5 4 3 3 3
Memo item: International aviation 54 66 85 96 100 109 56 70
Total (including LULUCF and aviation) 4712 4310 4233 4296 3929 3599 3119 3311
Total (without LULUCF and aviation) 4867| 4560 4452 4542 4181 3812 3304 3472

ES-5 SUMMARY OF EU MEMBER STATE EMISSION TRENDS

Table ES. 6 gives an overview of Member States’ contributions to EU GHG emissions for the period
1990-2021. Countries show large variations in GHG emissions trends.
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Table ES. 6 Overview of countries’ contributions to total EU GHG emissions, including LULUCF, international
aviation and including indirect CO2, from 1990 to 2021 in million tonnes CO2-equivalent

Member State 1990 1995 2000 2005 2010 2015 2020 2021
Austria 67.7 61.5 68.0 76.1 67.0 74.5 69.7 68.4
Belgium 146.1 154.2 151.9 147.2 137.5 122.6 110.6 115.2
Bulgaria 83.4 56.6 40.6 46.6 48.1 53.3 39.1 45.3
Croatia 25.6 14.4 19.2 22.2 21.6 19.3 18.4 18.9
Cyprus 6.2 7.7 9.1 9.9 10.1 8.9 8.6 9.1
Czechia 192.8 150.8 143.7 142.8 135.0 123.3 125.3 127.8
Denmark 80.2 86.9 79.5 75.6 69.6 53.1 46.9 47.5
Estonia 36.7 16.8 12.8 16.5 15.7 17.3 14.0 15.6
Finland 46.5 48.0 46.9 42.6 51.3 40.3 39.6 49.2
France 531.0 522.4 540.2 515.6 482.3 435.2 379.0 406.2
Germany 1299.4 1112.6 1059.7 1016.0 954.2 910.2 748.9 782.7
Greece 104.2 109.2 126.7 135.8 118.4 94.6 71.4 74.5
Hungary 92.1 71.8 75.0 71.8 62.4 57.1 56.2 57.4
Ireland 62.7 67.9 78.9 81.7 72.4 70.5 67.3 70.8
Italy 522.3 517.6 546.4 567.2 490.7 411.4 356.2 305.1
Latvia 13.9 -2.1 -1.6 5.3 10.2 11.3 11.5 13.4
Lithuania 43.2 18.0 10.1 18.5 10.6 12.5 13.7 14.4
Luxembourg 13.1 10.1 10.0 13.7 13.3 11.3 10.2 10.7
Malta 2.8 3.0 3.1 3.3 3.3 2.5 2.3 2.4
Netherlands 233.6 245.7 235.6 231.9 230.1 211.3 175.6 179.3
Poland 447.0 430.2 360.7 354.2 376.3 356.7 354.3 382.3
Portugal 68.2 60.9 82.6 92.5 65.8 67.7 55.0 52.5
Romania 229.3 158.2 109.7 118.2 89.9 67.5 61.8 66.4
Slovakia 64.6 43.8 39.7 46.1 40.7 35.3 29.6 33.7
Slovenia 14.5 13.8 12.6 13.5 12.7 17.8 12.9 13.0
Spain 258.6 297.3 349.5 406.0 323.2 303.7 234.6 252.6
Sweden 26.5 32.1 22.1 25.1 16.2 9.3 5.9 7.1
EU-27 4712 4310 4233 4296 3929 3599 3119 3311

The largest emitters in the EU inventory in 2021 were Germany (24 % of EU emissions), followed by
France, Italy and Poland with 12 % each.

Germany, Romania, France and Italy accounted for 67% of EU emission reductions between 1990
and 2020.

The main reasons for the favourable trend in Germany were an increase in the efficiency of power and
heating plants and the economic restructuring of the five new Lander after the German reunification,
particularly in the iron and steel sector. Other important reasons include a reduction in the carbon
intensity of fossil fuels (with the switch from coal to gas), a strong increase in renewable energy use
and waste management measures that reduced the landfilling of organic waste.

Common drivers to lower GHG emissions in most EU countries over the past 30 years, excluding the
short term impact of the economic recession in 2020, have been, the use of less carbon intensive
fuels, with a switch from coal to gas and a strong increase in the use of renewable energy sources, as
well as significant improvements in energy efficiency, both in transformation and end use.

More information on GHG emission trends by country can be found in the relevant national inventory
reports to UNFCCC_https://unfccc.int/process-and-meetings/transparency-and-reporting/reporting-and-
review-under-the-convention/greenhouse-gas-inventories-annex-i-parties/national-inventory-
submissions-2023.




ES-6 OTHER INFORMATION

INTERNATIONAL AVIATION AND MARITIME TRANSPORTATION

After a sharp drop due to the COVID-19 pandemic, emissions from international aviation were almost
at 1990 levels in 2020. However, in 2021 emissions increased by 24 % compared to 2020 and were
29 % above the 1990 level in 2021. GHG emissions from international shipping also increased in 2021
due to the economic recovery and were 26 % above 1990 levels in 2021. In 2021, international
aviation accounted for 70 million tonnes CO2 equivalent (compared to 56 million tonnes in 2020) and
international shipping for 129 million tonnes CO2 equivalent (compared to 121 million tonnes in 2020).

For detailed information on emissions from international bunkers, see Chapter 3.7 of this report.

INFORMATION ON RECALCULATIONS

According to UNFCCC Reporting Guidelines, the inventory for the whole time series should be
estimated using the same methodologies, and the underlying activity data and emissions factors
should be used in a consistent manner, ensuring that changes in emissions trends are not introduced
as a result of changes in estimation methods. Thus, recalculations of past emissions data occur every
year based on GHG inventory improvements by countries and should ensure the consistency of the
time series and be carried out to improve the accuracy and/or completeness of the inventory.

In addition, there are two more reasons for recalculations in the EU GHG inventory 2023:

e Due to the Brexit emissions and removals from the UK are no longer included in the EU
inventory. The EU inventory is the sum of emissions and removals of its 27 Member States.

e Based on the latest Decision on the UNFCCC Reporting Guidelines adopted at COP27 in
Sharm-El-Sheik, Parties shall apply the global warming potentials values set out in the IPCC
Fifth Assessment Report by no later than 31 December 2024. The EU has decided to implement
this Decision one year before the deadline; thus in its 2023 submission already.



Figure ES.2 illustrates that the Brexit is by far the most important reason for recalculations at EU level,
whereas the new global warming potentials do not affect overall GHG emissions significantly.

Figure ES. 2 EU GHG emissions (incl. LULUCF, indirect CO2 emissions and international aviation)
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Notes:  Reasons for recalculations may relate to the Brexit, the use of new global warming potentials
(GWP) and/or methodological revisions (MR) Including revisions of activity data.

Figure ES.3 shows that the long-term trend in GHG emissions since 1990 has also been very similar
when comparing the EU’s 2022 submission with the current 2023 submission.

Figure ES. 3 EU GHG emissions (incl. LULUCF, indirect CO2 emissions and international aviation)
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For more information on recalculations see Chapter 10.
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1 INTRODUCTION TO THE EU GREENHOUSE GAS INVENTORY

The present report is the official inventory submission of the European Union for 2023 under the
UNFCCC.

Consistent with the latest Decision on the UNFCCC Reporting Guidelines adopted at COP27 in
Sharm-EI-Sheik, the EU has decided to apply the 100-year global warming potentials values to
calculate the carbon dioxide equivalence of anthropogenic GHG emissions by sources and removals
by sinks as set out in table 8.A.1 of the contribution of Working Group 1 to the Fifth Assessment
Report of the IPCC from the current 2023 inventory submission.

The European Union (EU), as a party to the United Nations Framework Convention on Climate
Change (UNFCCC), reports annually on greenhouse gas (GHG) inventories for the years between
1990 and the current calendar year (t) minus two (t-2), for emissions and removals within the area
covered by its 27 Member States (i.e. emissions taking place within its territory). The EU-27 Member
States are: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands,
Poland, Portugal, Romania, Slovakia, Slovenia, Spain and Sweden.

The UK left the EU on February 1, 2020. This report, therefore, refers to the totals of the EU-27.. Even
though not all Member States were part of the European Union in 1990, GHG emissions in the EU are
time-series consistent since 1990 and account for all sources and sinks of the current 27 EU MS. For
reasons of clarity, please note that in some cases the terms ‘Member States’ and “EU’ and ‘Union’
may be used.

The EU should not be held liable for any remaining errors caused by the CRF Reporter in the review of
the information submitted.

This report aims to present transparent information on the process and methods of compiling the EU
GHG inventory. It addresses the relevant aspects at EU level, but does not describe detailed sectoral
methodologies of the Member States’ GHG inventories. As the data used in the EU inventory are the
aggregation of the scope-relevant data of the Member States inventories, the detailed sectoral
methodologies used in the EU inventory are fully consistent with the methodologies reported by the
Member States to the UNFCCC. As such, the complete details on the methodologies used by the
Member States are available in the national inventory reports of the Member States, which are
submitted to the UNFCCC and published in the UNFCCC website. To facilitate the work of the expert
review teams during the annual UNFCCC review process, and as follow up to previous review
recommendations, the EU submission in 2023 includes an Annex (Annex Ill) with a summary
description of the methodologies used by each Member State for the EU key categories. The more
detailed descriptions can be found in Member State’s own submissions. Note that all Member States’
submissions (common reporting format (CRF) tables and inventory reports), are considered to be part
of the EU inventory. Several chapters in this report refer to information provided by the Member
States, where additional insights can be gained. In many cases this Member State information is
presented in summary overview tables.

The EU greenhouse gas inventory has been compiled under Regulation (EU) 2018/1999 of the
European Parliament and of the Council of 11 December 2018 on the Governance of the Energy
Union and Climate Action 8 (hereafter referred to as the Governance Regulation). The emissions
compiled in the EU GHG inventory are the sum of the respective emissions in the respective national
inventories, except for the Intergovernmental Panel on Climate Change (IPCC) reference approach for
CO2 emissions from the combustion of fossil fuels.

8 0J L 328,21.12.2018, p. 1-77 .



1.1 Background information on greenhouse gas inventories and climate
Change

The annual EU GHG inventory is required for two purposes.

Firstly, the EU, as the only regional economic integration organisation having joined the UNFCCC as a
Party, has to report annually on GHG inventories within the area covered by its Member States.

Secondly, under the EU Governance Regulation, the European Commission has to assess annually
whether the actual and projected progress of Member States is sufficient to ensure fulfilment of the
EU’s commitments under the UNFCCC, and with respect to EU legislation for reduction of GHG
emissions (Effort Sharing Regulation)®. For this purpose, the Commission has to prepare a progress
evaluation report (State of the Energy Union Report), which has to be forwarded to the European
Parliament and the Council. The annual EU inventory is used for the evaluation of actual progress.

The legal basis of the compilation of the EU inventory is the Governance Regulation and Commission
Implementing Regulation (EU) 2020/1208 of 7 August 2020 on structure, format, submission
processes and review of information reported by Member States pursuant to Regulation (EU)
2018/1999 of the European Parliament and of the Council and repealing Commission Implementing
Regulation (EU) No 749/201410, The Governance Regulation and the implementing regulation
establish a mechanism for inter alia: (1) ensuring the timeliness, transparency, accuracy, consistency,
comparability and completeness of reporting by the Union and its Member States to the UNFCCC
Secretariat; (2) reporting and verifying information relating to commitments of the Union and its
Member States pursuant to the UNFCCC and the Paris Agreement and to decisions adopted
thereunder and evaluating progress towards meeting those commitments; (3) monitoring and reporting
all anthropogenic emissions by sources and removals by sinks of greenhouse gases not controlled by
the Montreal Protocol on substances that deplete the ozone layer in the Member States; (4) evaluating
progress by the Member States towards meeting their obligations under the Effort Sharing Regulation.

Under the provisions of Article 26(3) of the Governance Regulation and Articles 8-18 of the
Commission Implementing Regulation 2020/1208, the Member States shall determine and report to
the Commission by 15 January each year (year X) inter alia:

e their anthropogenic emissions of greenhouse gases listed in Annex | of the MMR (same as in
Annex A to the Kyoto Protocol) for the year X-2, in accordance with UNFCCC reporting
requirements

e data in accordance with UNFCCC reporting requirements on their anthropogenic emissions of
carbon moNOxide (CO), sulphur dioxide (SO3z), nitrogen oxides (NOx) and volatile organic
compounds, for the year X-2

e their anthropogenic greenhouse gas emissions by sources and removals of CO2 by sinks
resulting from LULUCF, for the year X-2, in accordance with UNFCCC reporting requirements

e any changes to the information referred to in points above relating to the years between 1990
and the year three-years previous (year X — 3);

e the elements of the national inventory report necessary for the preparation of the EU
greenhouse gas inventory report, such as information on the Member State’s quality
assurance/quality control plan, a general uncertainty evaluation, a general assessment of

9 Regulation (EU) 2018/842 of the European Parliament and of the Council of 30 May 2018 on binding annual greenhouse gas
emission reductions by Member States from 2021 to 2030 contributing to climate action to meet commitments under the Paris
Agreement and amending Regulation (EU) No 525/2013 (OJ L 156, 19.6.2018, p. 26—42.

100J L 278, 26.8.2020, pp. 1-132



completeness, information on methods and emission factors used, and information on
recalculations performed.

Submissions of updated or additional inventory data and complete national inventory reports by
Member States shall be reported by 15 March.

Specific requirements on structure, format, submission processes under the Governance Regulation
are detailed in the Commission Implementing Regulation 2020/1208. According to the Governance
Regulation and its implementing decision the reporting requirements are exactly the same as for the
UNFCCC, regarding content and format. The EU and its Member States prepare the inventory
according to the relevant provisions under the UNFCCC.

In relation to the UNFCCC review of the EU GHG inventory, it is relevant to highlight that the EU GHG
inventory is based on the inventories of its MS. They are responsible for the methods, emission factors
and emissions used, and for the implementation of the UNFCCC reporting guidelines and the 2006
IPCC Guidelines, taking into account inventory priorities and resource constraints.

The unique nature of the EU GHG inventory has been recognized by the GHG lead reviewers and is
reflected in their conclusions (16" and 19t meetings, respectively).

Conclusions of the 16" meeting of GHG lead reviewers:

Reviewing the GHG inventory of the European Union (EU): the LRs noted that the review of the EU
submission is unique in that it is the direct sum of emissions and removals from the national
inventories compiled by the EU member States as well as Iceland, and that individual member States
as well as Iceland are also subject to an inventory review. The LRs further noted that the focus of the
EU review should be on ensuring that the EU submission accurately reflects the summation of the
emissions and removals of its member States as well as Iceland and that information is transparently
reported in the EU NIR, particularly for key categories identified at the level of the EU.
Recommendations directed at specific member States as well as Iceland are beyond the scope for
inclusion in the ARR of the EU. The LRs encouraged the secretariat to conduct the review of the EU
submission after the submissions from individual EU member States and Iceland have been reviewed,;

Conclusions of the 19t meeting of GHG lead reviewers, on the scope of and approach to the review of
the EU GHG inventory:

The LRs concluded that the conclusions from the 16th meeting of LRs on the focus of the EU review,
considering elements of the conclusions from the 3rd meeting of LRs, should be supplemented with
the following recommendations for ERTs:

0] At the start of the review, the LRs should request the ERT to focus the review on the
transparency of the information reported in the EU national inventory report and provide
guidance thereon, particularly for key categories identified at the EU level, followed by
categories for which recalculations have been performed, and categories that are the
subject of recommendations in the previous review report, as well as for findings in the
initial assessment and progress in the implementation of planned improvements. The LRs
recalled that the EU GHG inventory is compiled from the national GHG inventories of the
EU member States, Iceland and the United Kingdom of Great Britain and Northern Ireland
and that the ERT should assess whether the EU GHG inventory is compiled in
accordance with the UNFCCC Annex | inventory reporting guidelines.

(i) The LRs should ensure that recommendations in the review report are addressed to the
EU, because the inventories of the member States, Iceland and the United Kingdom fall
outside the scope of the EU review.

(iii) The LRs noted that the ERT may also consider information on the efforts undertaken at
the EU level to address the main issues pertaining to the member States, Iceland and the
United Kingdom, as reflected in previous EU review reports.



1.2 A description of the institutional arrangements

1.2.1 Institutional, legal and procedural arrangements

In accordance with the Governance Regulation Article 37(3), a Union Inventory system is established
to ensure the timeliness, transparency, accuracy, consistency, comparability and completeness of
national inventories with regard the Union greenhouse gas inventory. The Commission’s Staff Working
Document (SWD (2013) 308 final!!) outlines the main elements of the Union inventory system. An
overview is presented in Figure 1.1.

The Directorate General Climate Action of the European Commission has overall responsibility for the
inventory of the European Union (EU) while each Member State is responsible for the preparation of
its own inventory which is the basic input for the inventory of the European Union. DG Climate Action
is supported in the establishment of the inventory by the following main institutions: the European
Environment Agency (EEA) and its European Topic Centre on Climate Change Mitigation (ETC/CM)
as well as the DG Eurostat*2.

11 https://ec.europa.eu/clima/sites/climalfiles/strategies/progress/monitoring/docs/swd_2013_308_en.pdf
12The Statistical Office of the European Communities (Eurostat) is a DG of the European Commission. For simplicity reasons,
this institution is referred to as ‘Eurostat’in this report.
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Figure 1.1  Inventory system of the European Union
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Table 1.1 shows the main institutions and persons involved in the compilation and submission of the

EU inventory.

Table 1.1 List of institutions and experts responsible for the compilation of Member States’ inventories and for
the preparation of the EU inventory

Member State/EU institution

Contact address

Austria

Michael Anderl
Umweltbundesamt

michael.mailto:anderl@umweltbundesamt.at

Belgium

Peter Wittoeck
Federal Department of the Environment

Bulgaria

Detelina Petrova
Executive Environment Agency
dpetrova@moew.government.bg

Croatia

Ms Vlatka Palci¢ and Ms Tatjana Obucina

Ministry of Economy and Sustainable Development
vlatka.palcic@mingor.hr; tatjana.obucina@mingor.hr

Ms Iva Svedek



mailto:
mailto:rigler@umweltbundesamt.at
mailto:dpetrova@moew.government.bg
mailto:vlatka.palcic@mingor.hr

Member State/EU institution

Contact address

Ekonerg - Energy and Environmental Protection Institute
iva.svedek@ekonerg.hr

Cyprus

Theodoulos Mesimeris
Department of Environment
tmesimeris@environment.moa.gov.cy

Czech Republic

Ing. Eva Krtkova Czech Hydrometeorological Institute (CHMI)
eva.krtkova@chmi.cz

Denmark

Ole-Kenneth Nielsen
Aarhus University

okn@envs.au.dk

Estonia

Kristiina Joon

Ministry of the Environment

Senior Officer, Climate Department
kristiina.joon@envir.ee

Cris-Tiina Parn

Adviser, Estonian Environmental Research Centre
cris-tiina.parn @klab.ee

Finland

Riitta Pipatti
Statistics Finland
riitta.pipatti@stat.fi

France

Pascale Vizy
Ministére de I'Environnement, de I'Energie et de la Mer (MEEM)
Pascale.VIZY @developpement-durable.gouv.fr

Jean-Pierre Chang

Centre Interprofessionel Technique d’Etudes de la Pollution Atmosphérique
(CITEPA)

jean-pierre.chang@citepa.org

Germany

Dirk Gunther
Federal Environmental Agency
Dirk.Guenther@uba.de

Greece

Mr. Kyriakos Psychas
Ministry of Environment and Energy

Hungary

Mr. Gabor KIS-KOVACS
Hungarian Meteorological Service
kiskovacs.g@met.hu

Ireland

Paul Duffy
Environmental Protection Agency
duffy@epa.ie

Italy

M. Contaldi, R. de Lauretis, D. Romano
National Environment Protection Agency (ANPA)
riccardo.delauretis@isprambiente.it, daniela.romano@isprambiente.it

Latvia

Agita Gancone
Ministry of Climate and Energy
agita.gancone@kem.gov.lv

Lithuania

Ms. Jolanta Merkeliene

Climate Change Policy Division of the Ministry of Environment
Lithuanian Ministry of Environment

j.merkeliene@am.lIt

Luxembourg

Eric De Brabanter

Département de I'Environnement

Ministere du Développement durable et des Infrastructures
eric.debrabanter@mev.etat.lu

Dr. Marc Schuman
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mailto:tmesimeris@environment.moa.gov.cy
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mailto:hanna-Lii.kupri@klab.ee
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mailto:riccardo.delauretis@isprambiente.it
mailto:daniela.romano@isprambiente.it
mailto:agita.gancone@kem.gov.lv
mailto:j.merkeliene@am.lt

Member State/EU institution

Contact address

Administration de I'Environnement
marc.schuman@aev.etat.lu

Malta

Mr Saviour Vassallo
Malta Resources Authority — Climate Change Unit
Saviour.vassallo@mra.org.mt

Netherlands

Margreet van Zanten
National Institute for Public Health and the Environment

margreet.van.zanten@rivm.nlmailto:

Poland

Anna Olecka

National Centre for Emissions Management

Institute of Environmental Protection - National Research Institute
anna.olecka@kobize.pl

Portugal

Ana Paula Rodrigues

Agéncia Portuguesa do Ambiente, Departamento de Altera¢des Climéticas
(DCLIMA)

apaula.rodrigues@apambiente.pt

Romania

Sorin Deaconu
National Environmental Protection Agency
sorin.deaconu@anpm.ro

Slovakia

Janka Szemesova
Department of Emissions and Biofuels, Slovak Hydrometeorological Institute

janka.szemesova@shmu.sk

Slovenia

Tajda Mekinda Majaron
Environmental Agency of the Republic of Slovenia
tajda.mekinda-majaron@gov.si

Spain

Maj Britt Larka Abellan
Direccion General de Calidad y Evaluacion Ambiental y Medio Natural
Ministerio de Agricultura, Alimentacion y Medio Ambiente

Sweden

Anne Wisten

The Ministry of the Environment
anne.wisten@regeringskansliet.se

Frida Lofstrom

The Swedish Environmental Protection Agency
frida.lofstrom@naturvardsverket.se

European Commission

Xavier Seront
European Commission, DG Climate Action
Xavier.SERONT@ec.europa.eu

European Environment Agency
(EEA)

Ricardo Fernandez, Claire Qoul
European Environment Agency
Ricardo.Fernandez@eea.europa.eu, Claire.Qoul@eea.europa.eu

European Topic Centre on
Climate Change Mitigation and
Energy (ETC/CM)

Nicole Mandl, Michaela Gager, Elisabeth Rigler
European Topic Centre on Climate Change Mitigation Umweltbundesamt

nicole.mandl@umweltbundesamt.at, michaela.gager@umweltbundesamt.at,
elisabeth.rigler@umweltbundesamt.at

Eurostat

Michael Goll
Statistical Office of the European Communities (Eurostat)
Michael.Goll@ec.europa.eu

1.2.1.1 The Member States

All EU Member States are Annex | parties to the UNFCCC Therefore, all Member States have
committed themselves to prepare individual national GHG inventories in accordance with UNFCCC
reporting guidelines and to submit those inventories to the UNFCCC secretariat by 15 April.
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In this context, all Member States are required to establish, operate and seek to continuously improve
national inventory systems in accordance to Article 37(1) of the Governance Regulation. Detailed
information on institutional arrangements/national systems of each Member State is included in the
respective national inventory reports.

The European Union’s inventory is based on the inventories supplied by Member States. The total
estimate of the EU greenhouse gas emissions should accurately reflect the sum of Member States’
national greenhouse gas inventories. Member States are responsible for choosing activity data,
emission factors and other parameters used for their national inventories as well as the correct
application of methodologies provided in the 2006 IPCC Guidelines. Member States are also
responsible for establishing quality assurance/quality control (QA/QC) programmes for their
inventories. The QA/QC activities of each Member State are described in the respective national
inventory reports.

For the EU to be able to provide the GHG inventory to the UNFCCC on time, all Member States are
required to report individual GHG inventories prepared in accordance with UNFCCC reporting
guidelines to the European Commission and to the European Environment Agency (EEA) by 15
January every year.

After the submission of national GHG inventories and inventory reports, QA/QC checks are performed
by the EU team. The outcome of these ‘initial checks’, together with the draft EU inventory report is
sent to Member States for checking, reviewing and providing of comments. The Member States take
part in the review and comment phase of the draft EU inventory report. The purpose of circulating the
draft EU inventory report is to improve the quality of the EU inventory. The Member States check their
national data and information used in the EU inventory report, answer to the initial checks findings and
send updates, as relevant by the 15" March. In addition, they can comment on the general aspects of
the EU inventory report by the same deadline.

During the UNFCCC review of the Union inventory, Member States are also required to provide
answers related to the issues under their responsibility as soon as possible. In these cases, the issues
are forwarded directly as requested by the EU team.

The inventory authorities of the Member States take part in the Working Group 1 ‘Annual Inventories’
(WG1) of the Climate Change Committee established under the Governance Regulation. The purpose
of the Climate Change Committee is to assist the European Commission in its tasks under the
Governance Regulation. Information on the WG1 tasks and responsibilities can be found in the next
paragraph, but the main task of the WG1 members is to ensure the coordination of inventory activities
between the Union system and the national inventory systems.

1.2.1.2 The European Commission, Directorate-General Climate Action

The European Commission’s DG Climate Action in consultation with the Member States has the
overall responsibility for the EU inventory. Member States are required to submit their national
inventories and inventory reports under the Governance Regulation to the European Commission, DG
Climate Action; and the European Commission, DG Climate Action itself submits the inventory and
inventory report of the EU to the UNFCCC Secretariat, on behalf of the European Union. In the actual
compilation of the EU inventory and inventory report, the European Commission, DG Climate Action,
is assisted by the EEA including the EEA’s ETC/CM and by Eurostat.

The consultation between the DG Climate Action and the Member States takes place in the Climate
Change Committee established under Article 44(1)(a) of the Governance Regulation. The Committee
is composed of the representatives of the Member States and chaired by the representative of the DG
Climate Action. In order to facilitate decision-making in the Committee, working groups have been
established, one of which is Working Group 1 on ‘Annual inventories’. The objectives and tasks of
Working Group 1 under the Climate Change Committee include:



e the promotion of the timely delivery of national annual GHG inventories as required under the
Governance Regulation;

o the improvement of the quality of GHG inventories on all relevant aspects (transparency,
consistency, comparability, completeness, accuracy and use of good practices);

o the exchange of practical experience on inventory preparation, on all quality aspects and on the
use of national methodologies for GHG estimation;

e the evaluation of the current organisational aspects of the preparation process of the EU
inventory and the preparation of proposals for improvements where needed.

1.2.1.3 The European Environment Agency

Under Article 42 of the Governance Regulation the role of the European Environment Agency (EEA) is
defined as providing assistance to the Commission in its work. In relation to the inventories, this
assistance includes the following:

(a) Compilation of the Union greenhouse gas inventory and preparation of the Union greenhouse
gas inventory report;

(b) Performance of the quality assurance and quality control procedures for the preparation of the
Union greenhouse gas inventory;

(c) Preparation of estimates for data not reported in the national greenhouse gas inventories;

(d) Conduction of the reviews of MS inventories.

The tasks of the EEA are facilitated by the European environmental information and observation
network (Eionet), which consists of the EEA as central node (supported by European topic centres)
and national institutions in the EEA member countries!® (see http://eionet.eea.europa.eu). Member
States report the information reported pursuant to Article 26(3) of the Governance Regulation to the
Commission with a copy to the European Environment Agency, and for this reason they are making
use of the EEA’s ReportNet’'s Central Data Repository under the Eionet (‘CDR’, see
http://cdr.eionet.europa.eu/).

Apart from the data capturing processes, and as part of its responsibility to compile the GHG inventory
and prepare the Union GHG inventory report, the EEA is also responsible for the implementation of
the QA/QC Programme of the EU, by performing inter alia a number of QA/QC checks focused on
ensuring the completeness and consistency of the Union and Member States inventories. Since 2023
EEA is also responsible for initial checks and compilation of NIR chapters for the sectors agriculture
and LULUCF (supported by ETC/CM — see below); in previous years these tasks were carried out by
the Directorate General Joint Research Centre of the European Commission.

Finally, in the end of the process the EEA is publishing the GHG inventory dataset and the EU
National Inventory Report on its website. To facilitate the access of the GHG information to the general
public, the EEA data viewer is also provided.

The EEA is further assisted by its European Topic Centre on Climate Change Mitigation (ETC/CM),
which is an international consortium working with the EEA under a framework partnership agreement.
The activities of the EEA’s ETC/CM are further deployed in the next paragraph.

1.2.1.4 The European Topic Centre on Climate Change Mitigation

The EEA’s European Topic Centre on Climate Change Mitigation (ETC/CM) was established by a
contract between the lead organisation Vito (vision on technology) in Belgium and EEA for the years
2022-2026, continuing on part of the work of the previous ETC/CME on Climate change Mitigation and
Energy, which ended in 2021.

The EEA’s ETC/CM involves 15 organisations and institutions in ten European countries. The
technical annex of the work plan for the EEA’s ETC/CM and a yearly action plan defines the specific

13 EEA member countries include the EU Member States, Iceland, Liechtenstein, Norway, Switzerland and Turkey.
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tasks of the EEA’s ETC/CM partner organisations with regard to the preparation of the EU inventory
and inventory report. Environment Agency Austria is the task leader for the compilation of the EU
annual inventory and inventory report in the EEA’s ETC/CM. The specific tasks undertaken by EEA’s
ETC/CM in this task include:

e Implementation of the quality assurance and quality control (QA/QC) procedures of the EU GHG
inventory national system for the compilation and submission of the Union GHG inventory to the
UNFCCC. Initial QA/QC checks of Member States’ submissions are performed in cooperation
with Eurostat and documented in the EEA review tool;

o Performing the first step of the annual Effort Sharing Regulation (ESR) review and identifying
significant issues according to Art. 30 and Annex XXII of the Commission Implementing
Regulation 2020/1208;

e Consultation with Member States in order to clarify data and other information provided;

e Preparation of the draft EU inventory and inventory report by 28 February based on Member
States’ submissions;

e Preparation of the final EU inventory and inventory report by 15 April (to be submitted by the
Commission to the UNFCCC Secretariat).

The EEA’s ETC/CM provides the CRF Aggregator developed to ensure the EU submission is fully
consistent with member state’s (MS) submissions. From the CRF aggregator the aggregated EU
inventory is transferred into the CRF reporter software for preparing the official EU GHG inventory
submission.

1.2.1.5 Eurostat

Eurostat collects national energy statistics reported under the EU Energy Statistics Regulation on an
annual basis. These data are used for the estimation of the IPCC Reference Approach and the
Sectoral Approach. The EEA compares the results of the two approaches with MS CRF submissions.
These comparisons are sent to MS during the consultation on the Draft EU GHG inventory by 28
February. The Energy Statistics Regulation (Regulation EC/1099/2008) as amended by Commission
Regulation (EU) No 147/2013 of 13 February 2013 is the basis for MS reporting of energy data to
Eurostat. Article 6(2) of the Energy statistics regulation stipulates: 'Every reasonable effort shall be
undertaken to ensure coherence between energy data declared in the energy statistics regulation, and
data declared in accordance with Commission Decision No 280/2004/EC of the European Parliament
and of the Council concerning a mechanism for monitoring Community greenhouse gas emissions and
for implementing the Kyoto Protocol'. The consistency of energy balances and CRF activity data is
essential for good quality GHG estimates in the energy sector, and therefore it is at the core of the
QA/QC activities at EU level.

1.2.2 Overview of inventory planning, preparation and management

1.2.2.1 A description of the process of inventory preparation

The annual process of compilation of the EU inventory is summarised in Table 1.2 . The Member
States submit their annual GHG inventory by 15 January each year to the European Commission’s DG
Climate Action using the EEA’s ReportNet Central Data Repository. Then, EEA’s ETC/CM performs
initial checks of the submitted data up to 28 February. The ETC/CM transfers the nationally submitted
data from the xml-files into the CRF aggregator database which was developed for aggregating the EU
submission from member state (MS) submissions. From the CRF aggregator the aggregated EU
inventory is transferred into the CRF reporter software for preparing the official EU GHG inventory
submission. Any information reported by MS in categories that do not have standardized UIDs or in
categories for which several country settings are possible have to be included in the CRF Reporter
manually.
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EU

January at the
latest until 28
February

Table 1.2 Annual process of submission and review of Member States inventories and compilation of the
inventory

Element Who When What

1. Submission of annual Member States 15 January Elements listed in Article 26(3) of the

inventories (complete CRT and Governance Regulation

elements of the national inventory

report) by Member

States

2. ‘Initial checks’ of Member States | Commission (incl. For the Checks to verify the transparency,

submissions Eurostat), assisted | Member State | accuracy, consistency, completeness
by the EEA submission and comparability of Member States’

from 15 inventories (by EEA). Comparison of

energy data provided by Member States
in the CRT with Eurostat energy data
(sectoral and reference approach) by
Eurostat and EEA. Check of Member
States’ agriculture inventories by EEA (in
consultation with Member States).
Check of Member States’ land use, land-
use change and forestry (LULUCF)
inventories by EEA (in consultation with
EEA and Member States).The findings
of the initial checks will be documented.

3. Compilation of draft Union
inventory and inventory
report (elements of the Union
inventory report)

Commission (incl.
Eurostat), assisted
by the EEA

up to 28
February

Draft Union inventory and inventory
report (compilation of Member State
information), based on Member State
inventories and additional information
where needed (as submitted on 15
January).

4. Circulation of ‘initial check’
findings including notification of
potential gap-filling

Commission (DG
Climate Action)
assisted by the
EEA

28 February

Circulation of ‘initial check’ findings
including notification of potential gap-
filling and making available the findings

5. Circulation of draft Union
inventory and inventory report

Commission (DG
Climate Action)
assisted by the
EEA

28 February

Circulation of the draft Union inventory
on 28 February to Member States.
Member States check data.

6. Submission of updated or Member States 15 March Updated or additional inventory data
additional inventory data and submitted by Member States (to remove
complete national inventory inconsistencies or fill gaps) and
reports by Member States complete national inventory reports.
7. Member State commenting on Member States 15 March If necessary, provide corrected data and
the draft Union inventory comments to the draft Union inventory
8. Member State responses to the Member States 15 March Member States respond to ‘initial
‘initial checks’ checks’ if applicable.
9. Circulation of follow-up initial Commission Commission Circulation of follow-up initial check
check findings assisted by EEA assisted by findings and making available the
31 March EEA 31 March | findings
10. Estimates for data missing Commission (DG 31 March The Commission prepares estimates for
from a national inventory Climate Action) missing data by 31 March of the
assisted by EEA reporting year, following consultation
with the Member State concerned, and
communicate these to the Member
States.
11. Comments from Member Member States 7 April Member States provide comments on
States regarding the Commission the Commission estimates for missing
estimates for missing data data, for consideration by the
Commission.
12. Member States responses to Member States 7 April Member States provide responses to
follow-up ‘initial checks’ follow up of ‘initial checks’.
13. Member States submissions to | Member States 15 April Submissions to the UNFCCC (with a
the UNFCCC copy to EEA)
14. Final annual Union inventory Commission (DG 15 April Submission to UNFCCC of the final
(incl. EU inventory report) Climate Action) annual Union inventory.
assisted by EEA
15. Submission of any other Member States When Member States provide to the
resubmission after the initial additional Commission any other resubmission
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Element Who When What

check phase resubmissions | (CRT or national inventory report) which
occur they provide to the UNFCCC secretariat
after

By 28 February, the draft EU GHG inventory and inventory report are circulated to the Member States
for review and comment. The Member States check their national data and information used in the EU
inventory report and send updates, if necessary, and review the EU inventory report by 15 March. This
procedure should assure the timely submission of the EU GHG inventory and inventory report to the
UNFCCC Secretariat and it should guarantee that the EU submission to the UNFCCC Secretariat is
consistent with Member States’ UNFCCC submissions.

The final EU GHG inventory and inventory report is prepared by the EEA’s ETC/CM by 15 Apiril for
submission to the UNFCCC Secretariat. After the submission to UNFCCC the inventory and the
inventory report are published on the EEA website (http://www.eea.europa.eu) and the data are made
available through the EEA data service (http://www.eea.europa.eu/data-and-maps/data/national-
emissions-reported-to-the-unfccc-and-to-the-eu-greenhouse-gas-monitoring-mechanism-9) and the
EEA GHG data viewer

(http://lwww.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer.)

Table 1.3 summarises timeliness and completeness of the EU Member States submissions in 2023
that were taken into account for the compilation EU GHG inventory.

Table 1.3 Date, mode and content of submission of EU Member States in 2023 that were taken into account
for the compilation of EU GHG inventory

MS | Date Submission | XML CRF NIR
mode

AUT | 15.03.2023 | CDR AUT_2023_2_14032023_1811168572142305488919927 1990-2021 X
BEL 15.03.2023 | CDR BEL_2023_1 14032023_1100161394471016717600873 1990-2021 X
BGR | 15.03.2023 | CDR BGR_2023_1_07032023_2006066466280856462442663 1988-2021 X
CYP | 07.03.2023 | CDR CYP_2023_5_07032023_1316054297440647173769100 1990-2021

CYP | 14.03.2023 | CDR X
CZE | 13.03.2023 | CDR CZE_2023_2_06032023_1549511605512993480027754 1990-2021 X
DEU | 15.03.2023 | CDR DEU_2023_2_13032023_1141366615856812153243971 1990-2021 X
DNM | 15.03.2023 | CDR DNM_2023_1_13032023_1528353594768088021416329 1990-2021 X
ESP | 15.03.2023 | CDR ESP_2023_2_13022023_0918328778019735951346079 1990-2021 X
EST | 15.03.2023 | CDR EST_2023_1_14032023_1432446958541084519635465 1990-2021 X
FIN 15.03.2023 | CDR FIN_2023_2_08032023_0851561534978048188815755 1990-2021 X
FRK | 15.03.2023 | CDR FRK_2023_1 14032023_1122322657851179311453982 1990-2021 X
GRC | 15.03.2023 | CDR GRC_2023_1_18022023_1447337529686829563055080 1990-2021 X
HRV | 15.03.2023 | CDR HRV_2023_1 14032023_1317573138050524460328637 1990-2021 X
HUN | 17.03.2023 | CDR HUN_2023_2_17032023_1023298169124536052310591 1985-2021

HUN | 20.03.2023 | CDR X
IRL 15.03.2023 | CDR IRL_2023_2_08032023_13072862926718742285239 1990-2021 X
ITA 15.03.2023 | CDR ITA_2023_1_03032023_1840327136302360811658175 1990-2021 X
LTU | 15.03.2023 | CDR LTU_2023_1_14032023_1706596491371771525735991 1990-2021

LTU 17.03.2023 | CDR X
LUX | 15.03.2023 | CDR LUX_2023_2_06032023_1257571599800436878973223 1990-2021 X
LVA | 15.03.2023 | CDR LVA_2023_2_10032023_1518065064787951624836472 1990-2021 X
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MS | Date Submission | XML CRF NIR
mode

MLT | 13.03.2023 | CDR X
MLT | 13.03.2023 | CDR MLT_2023_2_06032023_135251580922533557385001 1990-2021

NLD | 15.03.2023 | CDR X
NLD | 16.03.2023 | CDR NLD_2023_1_06032023_0914213602593415506818424 1990-2021

POL | 15.03.2023 | CDR POL_2023_1_10032023_1159476066973457462964238 1988-2021 X
PRT | 14.03.2023 | CDR PRT_2023_1_10032023_2229044927850958747790821 1990-2021 X
ROU | 15.03.2023 | CDR ROU_2023_2_09032023_0903262505267739345725341 1989-2021 X
SVK | 15.03.2023 | CDR SVK_2023_4_13-03-2023_simple 1990-2021 X
SVN | 15.03.2023 | CDR SVN_2023_3 10032023_2138591896340231941417953 1986-2021 X
SWE | 15.03.2023 | CDR SWE_2023_1_30012023_1504082880998344132668622 1990-2021 X

Table 1.4 gives an overview on people involved in the compilation of the EU GHG inventory
submission in 2023 and their individual responsibilities in this process.
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Table 1.4 Responsibility list for the compilation of the EU GHG inventory submission in 2023
Name EU GHG inventory/inventory report compilation Initial Checks
Overall Project . Overall QA/QC Sector experts/ .
responsibility | manager BT SR Uy e responsibility | coordinator expert el e
Xavier Seront (DG Clima) X Executive
Xavier. SERONT@ec.europa.eu summary, chapter 1
Roxanne Lake (DG Clima) X Executive
Roxanne.LAKE@ec.europa.eu summary, chapter 1
S | Francesca LANZA (DG Clima) Annex - Kyoto units,
g Francesca.LANZA@ec.europa.eu Annex - Changes
E to registry, EU-SEF
£ Tables / Annex
3 Bogdan Voinea (DG Clima) Annex - Changes to
Bogdan.VOINEA@ext.ec.europa.eu registry, EU-SEF
Tables, Annex
Michael Goll (Eurostat) 1A Reference 1A Reference
Michael.Goll@ec.europa.eu approach approach
Ricardo Fernandez (EEA) Executive
ricardo.fernandez@eea.europa.eu summary, chapter
X )
1, trend chapter,
chapter 10
Claire Qoul (EEA) Executive
claire.goul@eea.europa.eu summary, chapter
X X
1, trend chapter,
3 chapter 10
: Peter Iversen (EEA)
8 peter.iversen@eea.europa.eu sector 4 sector 4 sector 4 sector 4
'_"; Herdis Gudbrandsdottir (EEA)
£ | herdis.gudbrandsdottir@eea.europa.eu Data checks
ﬁ Gorka Mendiguren plots sector 3,
W | Gorka.Mendiguren@eea.europa.eu plots all sectors plots all sectors
Katarzyna Kowalczewska tor 3 tor 3
Katarzyna.Kowalczewska@eea.europa.eu sector sector
Michaela Gager (ETC/CM; UBA-V) Data
michaela.gager@umweltbundesamt.at manager support Support
Gunther Schmidt (ETC/CM; UBA-V) Data
guether.schmidt@umweltbundesamt.at manager
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Name

EU GHG inventory/inventory report compilation

Initial Checks

Overall Project . Overall QA/QC Sector experts/ .
responsibility | manager BT SR Uy e responsibility | coordinator expert el e
Executive summary, cross-cutting
X chapter 1, trend X issues, 1A cross-cutting

Bernd Gugele (ETC/CM, UBA-V) chapter, 1A reference issues
bernd.gugele@umweltbundesamt.at reference approach approach
Bradley Matthews (ETC/CM, UBA-V) . -
bradley.matthews@umweltbundesamt.at uncertainties uncertainties
Manuela Wieser ( ETC/CM, UBA-V) sector 2 - sector 2 -
manuela.wieser@umweltbundesamt.at f-gases only f-gases only
Marion Pinterits (ETC/CM; Klarfakt) Reference Reference
m.pinterits@klarfakt.com Support 1B, 1C approach 1B, 1C approach
Elisabeth Kampel (ETC/CM, Klarfakt)
e.kampel@klarfakt.com Support chapter 10
Zuzana Roskova (ETC_/CM;CHMI) 1A2 1A2
zuzana.roskova@chmi.cz
Barbora Kogi (ETC_/CM; CHMI) 1A4, 1A5 1A4, 1A5
barbora.koci@chmi.cz
_qitka Slamova (ETC/CM; CHMI) 1A1 1A1
jitka.slamova@chmi.cz
S_AARIKIVI RISTQ JUHANA (ETC/CM; CHMI) sector 5 sector 5
ristojuhana.saarikivi@chmi.cz
Céline GUEGUEN (ETC/CM; T4L) 5 5
celine.gueguen2@gmail.com S Sector
Coralie JEANNOT (ETC/CM; CITEPA)
coralie.jeannot@citepa.org EUETS, 2C EUETS, 2C
Julien Vincent (ETC/CM; CITEPA) 1AL, 2D, 2G3-2G4, | 1A2, 1A4, 1A5; 1AL, 2D, 2G3- | 1A2, 1A4, 1A5;
julien.vincent@citepa.org 2H 1B, 1C 2G4, 2H 1B, 1C
Etienne MATHIAS 3 3
etienne.mathias@citepa.org sector sector
Anais D

nais Durand sector 3 sector 3

anais.durand@citepa.org

Giorgos Mellios (ETC/CM; Emisia)
giorgos.m@emisia.com

1A3 + bunkers

1A3 + bunkers

Giannis Papadimitriou (ETC/CM; Emisia)
giannis.p@emisia.com

1A3 + bunkers,
comparison with

1A3 + bunkers

Eurocontrol
Barbara Gschrey (ETC/CM; Oeko Recherche) F-gases, 2B9 F-gases, 2B9
b.gschrey@oekorecherche.de 2E, 2F, 2G1-2 2E, 2F, 2G1-2
David Robin (ETC/CM; Oeko Recherche) F-gases, 2B9 F-gases, 2B9
david.robin@oekorecherche.de 2E, 2F, 2G1-2 2E, 2F, 2G1-2
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Name

EU GHG inventory/inventory report compilation

Initial Checks

Overall Project . Overall QA/QC Sector experts/ .

responsibility | manager BT SR Uy e responsibility | coordinator expert el e
Lorenz Moosmann (ETC/CM; Oeko)
|.moosmann@oeko.de sectors 2A, 28 2A, 28
Lukas Emele (ETC/CM; Oeko)
l.emele@oeko.de sectors 2A, 2B 2A, 2B
lls Moorkens (ETC/CM; VITO) sector 2 (excluding sector 2
ils.moorkens@vito.be F-gases) (excl. f-gases)
Raul Abad-Vinas

sector 4 sector 4

abad.raul@hotmail.com
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1.2.3 Quality assurance, quality control of the European Union inventory

1.2.3.1 Quality assurance and quality control procedures in the EU

The European Commission (Directorate General Climate Action) is responsible for coordinating

QA/QC procedures for the EU inventory and ensures that the objectives of the QA/QC programme are
implemented in the design of the QA/QC manual defining general and specific QC procedures for the

EU GHG inventory submission. The European Environment Agency (EEA) is responsible for the
annual implementation of these QA/QC procedures for the EU inventory.

The EU QA/QC programme is established in Chapter Il of the Commission’s Staff Working Document

(SWD(2013) 308). In the EU QA/QC programme the general responsibilities for the QA/QC are
defined as follows:

- The Member States are responsible for the quality of activity data, emission factors and other
parameters used for their inventories, for adherence to the IPCC methodologies and the
establishment of the national QA/QC programmes. As EU Member States inventories form part
of the EU inventory submission information on the individual Member States QA/QC procedures

can be found in their national inventory reports.

- The European Commission (DG Climate Action) is responsible for setting up the QA/QC
Programme, ensuring the establishment and fulfilment of its objectives and ensuring the

development of a QA/QC plan.

- The EEA, together with its ETC/CM, are responsible for the practical implementation and
coordination of QA/QC procedures for the Union inventory, as well as for the archiving and

documentation.

The following part focuses on QA/QC procedure at EU level.

The overall objectives of the EU QA/QC programme are:

e To establish quality objectives for the EU GHG inventory taking into account its specific nature

of the EU GHG inventory as a compilation of MS GHG inventories:

e To implement the quality objectives in the design of the QA/QC plan defining general and
specific QC procedures for the EU GHG inventory submission taking into account the specific

nature of the EU GHG inventory:

e to provide an EU inventory of greenhouse gas emissions and removals consistent with the sum
of Member States’ inventories of greenhouse gas emissions and removals submitted to the EU

and covering the EU geographical area:

e to ensure the timeliness of MS GHG inventory submissions to the EU for the compilation of the

EU’s GHG inventory;

e to ensure the completeness of the EU GHG inventory, inter alia by implementing procedures to
estimate any data missing from the national inventories, in consultation with the MS concerned,;

e to contribute to the improvement of quality of Member States’ inventories and
e to provide assistance for the implementation of national QA/QC programmes.

A number of specific objectives have been elaborated in order to ensure that the EU GHG inventory

complies with the UNFCCC inventory principles of transparency, completeness, consistency,

comparability, accuracy and timeliness. The quality objectives are implemented via the QA/QC plan
that, among others, aims at ensuring the consistency of the Union inventory with the sum of Member

States inventories so that the inventory is complete in terms of both geographical and sectoral

coverage. The QA/QC plan describes the quality control procedures that take place before the EU
inventory compilation, for checking the consistency, completeness and correctness of the Member

States inventories, as well as during the compilation of the EU GHG inventory, for ensuring the
correctness of the EU data prior to its submission. In addition, QA procedures, procedures for
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documentation and archiving, the time schedules for QA/QC procedures and the provisions related to
the inventory improvement plan are also included.

Based on the EU QA/QC programme a quality management manual was developed which includes all
specific details of the QA/QC procedures (in particular checklists and forms). The structure of the EU
guality management manual has been developed on the basis of the Austrian quality management
manual. The reason for using the Austrian manual as a template for the EU manual is that the EU
GHG inventory is compiled by Environment Agency Austria and the implementation of the annual
QA/QC procedures are coordinated by Environment Agency Austria. By using the Austrian quality
manual as a template for the EU quality manual the EU can benefit from the experience made during
the set-up of the Austrian quality management system which fulfils the requirements of EN ISO/IEC
17020 (Type A); procedures and documents from the Austrian system have been taken and adapted

according to the need of the EU quality management system.

The EU quality management manual is structured along three main processes (management
processes, inventory compilation processes and supporting processes) of the quality management
system (Table 1.5).

Table 1.5

Structure of the EU quality management manual

Chapter

Chapter description

Management processes

Describes the organisation and responsibilities within the EU GHG

ETC 01 EU inventory system inventory system
Describes the preparation and evaluation of the EU QA/QC programme

ETC 02 QA/QC programme by the European Commission
Describes the responsibilities and the structure of the quality

ETC 03 Quality management system management system and gives an overview of the forms and checklists
used

. . Describes the evaluation of the status and effectiveness of the quality

ETC 04 Quality management evaluation management system

ETC 05 Correction and prevention Describes _the procedures for the correction and prevention of mistakes
that occur in the EU inventory

. Describes the information technology systems used such as CIRCA,
ETC 06 Information technology systems Reportnet and the systems set up at Environment Agency Austria
ETC 07 External communication Describes the communication with Member States and other persons

and institutions

Inventory compilation processes

Describes the quality control activities performed on the GHG

ETC 08 QC MS submissions inventories submitted by the EU Member States

. _— Describes the quality control activities performed during the compilation
ETC 09 QC EU inventory compilation of the EU GHG inventory including checks of database integrity
ETC 10 QC EU inventory report Describes the checks carried out during and after the compilation of the

EU GHG inventory report

Supporting processes

ETC 11

Documents

Describes the production, change, proofreading, release and archiving
of quality management documents

ETC 12

Documentation and archiving

Describes the procedure for preparing documentation and archiving

The quality checks performed during inventory compilation process are the central part of the quality
manual. Quality checks are made at three levels:
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QUALITY CONTROL MS SUBMISSIONS
The QC activities of MS submissions include:
Completeness checks

e Check if all gases (COz2, CHas, N20, HFCs, PFCs, SFs, NF3) are available for all years
e Check correct use of notation keys related to completeness
o Check categories where a MS report the notation key “NE” and where the current
guidelines include methods/emission factors
o Check categories where MS report a notation key (“NE”, “NO”, “NA”, “IE”) and >= 20
MS report emissions
o Check categories where MS report “NE” and in the previous years they reported
emissions
e Check blank cells

Time series consistency checks
e Check time series of emissions

e Check time series of implied emission factors
e Check if identical values have been used for the last two reporting years.

Comparisons of implied emission factors across Member States
Recalculations

e Check categories where MSs provide recalculations and focus on those of more than +/- 0.05%
of national total emissions for each main gas and assess if there are potential over- or
underestimates (excluding the effect of GWPs).

o Explanations for recalculations also need to be checked

e Check recalculations at more detailed category level compared to submission of the same year
(e.g. recalculations between 15 January submission and 15 March submission of the same
year)

EU ETS

e Check of consistency/transparency of EU ETS data with the CRF

Eurostat energy data

e Check of consistency of Eurostat energy data with the CRF

Recommendations

e Check whether recommendations from earlier Union or UNFCCC reviews, have been
implemented by the Member State

Potential over- and underestimations

o Assess whether there are potential overestimations or underestimations in a Member State’s
inventory

Checks of MS reporting concerning methods and emission factors used by MS

o Additional QA/QC checks have been included in the yearly procedure in order to address the
inconsistencies between the Member States’ CRF tables and annex lll to the NIR, which is
updated regularly by member States.
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e From 2023 onward it became mandatory for Member States to provide the relevant information
as part of the reporting requirements under the new Governance Regulation.

¢ During the initial checks the EU inventory team checked consistency of MS CRF reporting with
information reported by MS for Annex lll.

For the communication with Member States and the documentation of the observations made by
sector experts during the ‘initial checks’ phase the EEA Emission Review Tool (EMRT;
https://emrt.eea.europa.eu/) is used. For this reason Member States nhominations have been made to
DG Climate Action and the EEA. The workflow in the tool allows the implementation of the ‘four-eye’
principle since the questions of the ‘sectoral experts’ are approved by the ‘quality experts’ team.
Issues related to ‘completeness’, especially the ones that might need to be followed up by ‘gap filling
procedures’ are also highlighted. All the issues identified in the EMRT are archived and can be
accessed by the future EU sectoral and quality experts in the annual QA/QC procedures, to avoid
repetition of questions on known issues.

According to the timeline provided above, the checks are performed between 15th January and 28th
February.

On 28 February MS receive the EIONET/WG1 consultation package. In particular, Member States are
asked to check:

1. the QA/QC findings flagged in the EMRT;
2. if the correct data/information has been included in the draft CRF tables/draft inventory report,
including the information on methodologies and EFs used for the EU key categories (Annex III).

Both responses to the findings included in the EMRT and comments to the draft EU GHG inventory
and inventory report are provided by latest 15 March to the EU inventory team. By that date Member
States can resubmit their inventories, also correcting issues that came up during the initial checks. In
order to follow up on significant issues, as provided for in the Governance Regulation, all the tools
supporting the checks are re-produced and the findings in the EMRT are followed up. Between 15t
March and 7" April follow-up questions and questions on new material received from MS may be
asked in the EMRT.

Observations by the EU inventory team that are not resolved at the end of the QA/QC process in one
submission year will be followed-up in the consecutive year.

QUALITY CONTROL EU INVENTORY COMPILATION

After the initial checks of the emission data, the ETC/CM transfers the national data from the xml-files
into the ETC/CM CRF aggregator database. The ETC/CM CRF aggregator database is maintained
and managed by Environment Agency Austria. The new CRF Aggregator has been designed in a way
that the EEA can also perform the aggregation to ensure that there is always a back-up option and
minimizing the risk of not submitting to the UNFCCC.

As the EU GHG inventory is compiled on the basis of the inventories of the EU Member States, the
focus of the quality control checks performed during the compilation of the EU GHG inventory lays on
checking if the correct MS data are used, if the data can be summed-up (same units are used) and
that the summing-up is correct. Finally, the consistency and the completeness of the EU GHG
inventory is checked. These checking procedures are performed by the EEA and the results are
shared with the ETC/CM and are archived. Comments to these results are then provided and used as
relevant for approving the inventory prior to its submission. All the checks are carried out for the
original submission by 15 April each year and for any resubmission. Two checklists from the QA/QC
manual are used for this purpose: ‘Inventory preparation/consistency’ and ‘Data file integrity’.
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QUALITY CHECKS EU INVENTORY REPORT

The checks carried out during and after the compilation of the EU GHG inventory report, are specified
in the checklist ‘EU inventory report’ as defined in the QA/QC manual. They cover e.g. checks of data
consistency between the inventory and the inventory report, data consistency between the tables and
the text, but also layout checks. Since 2014 the EU team has also been reinforced by ‘quality control’
experts who have the additional task of reviewing the content and the consistency between the CRF
data and tables and the NIR.

The circulation of the draft EU inventory and inventory report on 28 February to the EU Member States
for reviewing and commenting also aims to improve the quality of the EU inventory and inventory
report. The Member States check their national data and information used in the EU inventory report
and send updates, if necessary, and review the EU inventory report. This procedure should assure the
timely submission of the EU GHG inventory and inventory report to the UNFCCC secretariat and it
should guarantee that the EU submission to the UNFCCC secretariat is consistent with the Member
States UNFCCC submissions.

EU peer review

A collaborative internal review mechanism was established within the European Union such that all
participants (MS, EEA, Eurostat, and JRC) may contribute to the identification of shortcomings and
propose amendments to existing procedures. The review activities with experts from Member States
are coordinated by the ETC/CM through WG1 and normally take place during the period from April
through September each year. The synthesised findings of collaborative reviews provide a basis for
the planned progressive development of inventories both at Member State and at EU level.

In 2014, such activities included the identification of areas where inconsistent reporting between
different Member States could have taken place, in cases where the 2006 IPCC Guidelines are not
sufficiently clear, and discussions on how the ETS data are used in the inventories. These discussions
were followed up in 2016 and 2017, after analysing the inventory reporting of the Member States and
the conclusions from the UNFCCC reviews.

In 2017, a team of Member States’ experts reviewed the EU GHG NIR and provided recommendations
for improvements. Several of these recommendations have been implemented in the submissions
thereafter.

EU internal reviews (Reviews under the ‘Effort Sharing Decision’ )

Between 2012 and 2022, nine EU internal inventory reviews have been carried out in order to
determine the emission allocations 2013-2020 for the EU internal GHG emission reduction targets for
2020 and in order to determine compliance with the ESD targets.

The Effort Sharing Decision (ESD)* sets out the 2020 emission limit of a Member State in relation to
its 2005 emissions, and its emission limits from 2013 to 2020 form a linear trajectory. In accordance
with Article 3.2 of the ESD, the starting point of the linear trajectory is defined as the average annual
ESD emissions during 2008, 2009 and 2010 in 2009 (for Member States with positive limits under
Annex Il of the ESD) or in 2013 (for Member State with negative limits). The annual emission
allocations shall be determined using reviewed and verified emission data. Thus, complete emission
inventories for the reference years (2005, and 2008-2010) had to be available and reviewed prior to
determining the annual emission allocations in 2012. In order to determine compliance with the ESD
targets accurate, reliable and verified information on annual greenhouse gas emissions is needed from
the inventory year 2013 onwards.

14 Decision No 406/2009/EC of the European Parliament and of the Council of 23 April 2009 on the effort of Member States to
reduce their greenhouse gas emissions to meet the Community’s greenhouse gas emission reduction commitments up to 2020;
0OJ L 140, 5.6.2009, p. 136-148
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The ESD reviews were coordinated by the EEA, and were carried out in two steps: Step 1 was
implemented by the EU team and made use of the procedures available in the EU QA/QC system,
taking into account both the existing quality assurance/quality control procedures for Member States’
emission inventory submissions under EU legislation and the separate inventory review process
occurring under the UNFCCC. Step 2 was implemented by independent review teams comprising of
lead reviewers and sector experts. The ESD reviews were carried out either as comprehensive review
or as annual review (see separate box).

The reviews under the ESD can be seen as a more robust and consistent QA of MS GHG inventories
that have led to improvements in the quality of the EU and its Member States’ GHG inventory
submissions to UNFCCC in the years thereafter.

Specific activities for the LULUCF sector are described under Ch. 7.10 Quality Assurance and Quality
control.

Annual and comprehensive ESD review

In 2012, the first comprehensive ESD review was carried out in order to determine the emission
allocations 2013-2020 for the EU internal GHG emission reduction targets 2020 and respective
trajectories. All 28 Member States have been reviewed by a team of 22 reviewers.

From 2015 onwards the GHG emission inventories were reviewed annually in the context of the
“ESD review”. The Monitoring Mechanism Regulation (MMR)*®> enhanced the reporting rules on
GHG emissions to meet reporting requirements to the UNFCCC Secretariat and introduced
requirements concerning the monitoring, reporting, reviewing and verifying of GHG emissions and
other information pursuant to Article 6 of the Effort Sharing Decision.

The ESD and the MMR introduced an annual compliance cycle requiring a review of Member
States’ greenhouse gas inventories within a shorter time frame than the current UNFCCC inventory
review to enable the use of flexibilities and the application of corrective action, where necessary, at
the end of each relevant year.

Article 19 of the MMR established an EU-internal review process to ensure that compliance with
annual GHG emission limits is assessed in a credible, consistent, transparent and timely manner.
The reviewed inventory data is used to check Member States’ compliance with their annual ESD
targets. There were two types of reviews: annual and comprehensive. Comprehensive reviews have
been carried out in 2016 and 2020 — for all other years an annual review was carried out. The
annual review consisted of two steps. The first step verified the transparency, accuracy,
consistency, comparability and completeness of the national inventory data. The checks of step 1
were made by the same team that carried out the initial checks before the compilation of the EU
GHG inventory. If the first step of the annual review revealed a significant issue as defined by
Article 19(4) of the MMR, such as overestimations or underestimations relating to a key category in
a Member State’s inventory, a review team performed the second step checks of the national
inventory data of this Member State to identify cases where inventory data is prepared in a manner
which is inconsistent with UNFCCC guidance documentation or Union rules. Where appropriate, the
review team calculated the resulting technical corrections, in consultation with the concerned
Member State, to correct originally submitted estimates.

In 2015, due to the problems with the CRF reporting software the annual review had to be
postponed to 2016. However, the European Commission decided to organize a trial review in order
to support Member States in improving their GHG inventories and to gain experience organizing
reviews and reviewing under the new guidelines. In 2015, step 1 checks were made for all 28
Member States whereas step 2 was carried out only for 18 Member States which volunteered to
participate in step 2.

In April-August 2016, the second comprehensive review was carried out. All 28 Member States
have been reviewed by a team of 22 reviewers. As it was not possible to carry out the ESD review
in 2015 due to the problems with CRF reporter software the ESD comprehensive review 2016 has
been an extended review and covered the years 2005, 2008-2010 and 2013-2014. The review
considered the six GHGs CO2, CH4, N20, HFCs, PFCs, and SFes. It did not consider NF3 because

15 Regulation (EU) No 525/2013 of the European Parliament and of the Council of 21 May 2013 on a mechanism for monitoring
and reporting greenhouse gas emissions and for reporting other information at national and Union level relevant to climate
change and repealing Decision No 280/2004/EC; OJ L 165, 18.6.2013, p. 13-40
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NFs is not covered by the ESD. All sectors were considered with the exception of LULUCF;
domestic and international aviation was also reviewed but no technical corrections were made
because aviation is covered under the EU ETS and excluded under the ESD.
In 2017, 2018 and 2019 annual reviews have been performed. The annual review is a two steps
process where all 28 MS have to undergo step 1 and only those Member States are subject to step
2 for which significant issues are identified during step 1.

e In 2017 15 MS were subject to step 2; the final review reports include 70 recommendations,

16 revised estimates provided by the Member States and four technical corrections
calculated by the review team.

e In 2018 eleven MS were subject to step 2; the final review reports include 34
recommendations, ten revised estimates provided by the Member States and one technical
correction calculated by the review team.

e |n 2019 13 MS were subject to step 2. In addition Norway and Iceland participated in step 2
on a voluntary basis. The final review reports include 56 recommendations, 16 revised
estimates provided by the Member States and four technical correction calculated by the
review team.

In April-August 2020, the third comprehensive review was carried out. All 27 EU Member States +
UK, Iceland and Norway were reviewed by a team of 28 reviewers. On the basis of the GHG
inventories reviewed in 2020, the European Commission fixed the base year and the greenhouse
gas emissions targets for 2030, and the trajectory years for 2021-2029. The review covered the
years 2005 and 2016-2018, all gases and all sectors apart from LULUCF. The review resulted in
133 recommendations, 79 revised estimates received from countries and eight technical corrections
calculated by the review team.

In 2021, an annual review was organized in order to assess compliance of the MS with the ESD
targets for the inventory year 2019. 18 MS were subject to step 2. The final review reports include
32 recommendations, 14 revised estimates provided by the Member States and three technical
corrections calculated by the review team.

In 2022, an annual review was organized in order to assess compliance of the MS with the ESD
targets for the inventory year 2020. Eight MS were subject to step 2. The final review reports
include 21 recommendations, 14 revised estimates provided by the Member States and three
technical corrections calculated by the review team.

Capacity building activities based on the ESD reviews

After the ESD review in autumn, each year capacity building workshops/webinars are organized in
order to discuss cases where MS had problems with implementing the 2006 IPCC guidelines and/or
where the guidelines are not clear enough or where there are gaps and/or errors in the guidelines.

In 2017, four webinars were organized for following the sectors Energy, IPPU, Agriculture, and Waste.
Overall experts from 26 Member States + Iceland and Norway participated in the webinars. The
webinar conclusions include 55 issues, 47 of which were considered to be resolved by 30 November
2017. Eight issues have been subject to follow-up activities.

In 2018, four webinars were organized following the sectors Energy, IPPU, Agriculture, and Waste on
four days. The IPPU webinar was split into two sessions following the (group of) subcategories of the
ESD review 2018: (1) IPPU excluding F-gases and (2) IPPU F-gases. Overall experts from 23 Member
States plus Iceland and Norway registered for the webinars. In total 110 experts registered for one or
more webinars. During the webinars in 2018 the status of all open issues from previous webinars was
presented and discussed. Seven out of eight follow-up issues from 2017 have been resolved and
closed during 2018.

In 2019, four webinars were organized following the sectors Energy, IPPU, Agriculture, and Waste on
four days. Overall 109 experts from 21 Member States registered for one or more webinars.

In 2020, four webinars were carried for the sectors Energy, IPPU, Agriculture, and Waste. As the ESD
review 2020 was a comprehensive review covering all Member States a larger number of Member
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States’ experts participated in the webinars. Overall, 176 experts from 23 Member States registered
for one or more webinars.

In 2021, four webinars were carried for the sectors Energy, IPPU, Agriculture, and Waste. Overall, 193
experts from 26 Member States registered for one or more webinars. In addition, a webinar was also
organized for LULUCF based on the findings from the LULUCF trial review 2021 that was carried out
in parallel with the ESD review 2021. The purpose of the LULUCF trial review 2021 was to prepare the
Member States for the new reporting needs regarding the EU LULUCF Regulation. 15 volunteering
countries were subject to the LULUCF trial review 2021. At the LULUCF webinar, 64 experts from 22
countries participated.

In 2022, four webinars were carried for the sectors Energy, IPPU, Agriculture, and Waste. Overall, 217
experts from 26 Member States registered for one or more webinars.

As a result of the capacity building webinars guidance documents have been developed in order to
support the Member States in improving their inventories. By April 2023 19 guidance documents are
available: five for the Energy Sector; six for the IPPU Sector; four for the Agriculture Sector; four for
the Waste Sector.

Apart from the capacity building webinars open to all Member States the ESD project team carried out
additional capacity building targeted at specific countries in 2018, 2019 and 2020. In this context the
experts:

e Provided support via e-mail or webinar for several MS related to the sectors energy, transport,
F-gases, agriculture and waste;
¢ Organized five in-country visits in the sectors energy, transport, F-gases, agriculture and waste.

In the year 2023 further country-specific support is planned.

UNFCCC reviews

In addition, European Union QA procedures build on the issues identified during the independent
UNFCCC inventory review of Member States’ inventories. Quality assurance procedures based on
outcomes of the UNFCCC inventory review consist of the:

¢ Annual compilation of issues identified during the UNFCCC inventory review related to sectors,
key source categories and the major inventory principles transparency, consistency,
completeness, comparability and accuracy for all Member States;

o |dentification of major issues from the compilation and discussion of ways to resolve them in
WG1, including identification and documentation of follow-up actions that are considered as
necessary within WG1;

o Reviews of the extent to which issues identified through this procedure in previous years have
been addressed by Member States;

¢ Ongoing investigations of ways to produce a more transparent inventory for the unique
circumstances of the European Union.

In 2022 the European Union was last reviewed by the UNFCCC inventory review. The latest review
report is not yet published but the review report from 2020 is publicly available on the UNFCCC web
sitels.

16 Inventory Review Reports 2020 | UNFCCC
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Improvement plan

Based on the findings of the UNFCCC reviews, the EU peer review, and the EU ESD review, and
other recommendations the improvement plan for the EU GHG inventory and inventory report is
compiled before the annual compilation process starts. After the finalisation of the annual EU GHG
inventory, it is evaluated if the improvements planned have been implemented.

1.2.3.2 Further improvement of the QA/QC procedures

One of the most important activities for improving the quality of national and EU GHG inventories is
the organisation of workshops and expert meetings under EU legislation. A number of other
workshops and expert meetings have been organised in recent years with a focus on sector-specific
quality improvements. Table 1.6 lists the most recent workshops. The follow-up activities are
subsequently addressed in meetings of WG 1 under the Climate Change Committee.

Table 1.6 Overview of recent GHG inventory related workshops and expert meetings organised by the EU

Workshop/expert meeting Date and venue

JRC technical workshop: Towards ‘fit for 55’: updates in LULUCF reporting and

accounting” 20-21 June 2022, Varese, ltaly

JRC virtual technical workshop: LULUCF in transition: present and future 7-8 June 2021
challenges for reporting and accounting

JRC technical LULUCF workshop under the UNFCCC, the Kyoto Protocol (KP)

and the EU LULUCF Decision No 529/2013 28-29 May 2019, Varese, ltaly

JRC technical workshop on LULUCF reporting under the Kyoto Protocol 16-17 May 2018, Arona, Italy

Joint Workshop of the Eurostat Working Group Agro-Environmental

Statistics and DG CLIMA Working Group 1 30 November 2017, ESTAT Luxembourg

JRC technical LULUCF workshop under the UNFCCC, the Kyoto Protocol (KP)

and the EU LULUCF Decision No 529/2013 26-27 April 2017, Stresa, ltaly

Joint workshop of the Eurostat Working Group Agro-Environmental

Statistics and DG CLIMA Working Group 1 30 November 2017, Luxembourg

1.2.4 Changes in the national inventory arrangements since previous annual GHG inventory
submission

The national inventory arrangements were changed in 2023 as from this year onwards, EEA
(supported by ETC/CM) has taken over the responsibility for preparing initial checks and compiling the
NIR chapters for the sectors agriculture and LULUCF; in previous years these tasks were carried out
by the Directorate General Joint Research Centre of the European Commission.

1.3 Inventory preparation and data collection, processing and storage

1.3.1 The compilation of the EU GHG inventory

The EU inventory is compiled in accordance with the recommendations for inventories set out in the
‘UNFCCC guidelines for the preparation of national communications by parties included in Annex 1 to
the Convention, Part 1: UNFCCC reporting guidelines on annual inventories’
(FCCCI/CP/2013/10/Add.3), to the extent possible. In addition, the 2006 IPCC guidelines for national
greenhouse gas inventories have been applied where appropriate and feasible. Finally, for the
compilation of the EU GHG inventory, the Governance Regulation and its implementing legislation is
applicable.
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The EU GHG inventory is compiled on the basis of the inventories of the 27 Member States. The
emissions of each source category are the sum of the emissions of the respective source and sink
categories of the Member States.

The reference approach is calculated for the EU on the basis of Eurostat energy data (see Section
3.6) and the key category analysis (Section 1.5) is separately performed at EU level'’.

Since Member States use different national methodologies, national activity data or country-specific
emission factors in accordance with IPCC and UNFCCC guidelines, these methodologies are reflected
in the EU GHG inventory data. The EU believes that it is consistent with the UNFCCC reporting
guidelines to use different methodologies for one source category across the EU especially if this
helps to reduce uncertainty of the emissions data provided that each methodology is consistent with
the IPCC good practice guidance.

In general, no separate methodological information is provided at EU level except summaries of
methodologies used by Member States. Annex Il includes a summary description of the
methodologies used by each Member State for the EU key categories. The more detailed descriptions
can be found in Member State’s own submissions, which are considered to be part of the EU
inventory.

1.3.1.1 Internal consistency of the EU CRF tables

In principle every single EU value is aggregated from the respective value of the EU Member States.
However, sometimes there are consistency problems when compiling the EU CRF tables (i.e. the sum
of sub-categories is not equal to the category total) in those categories where Member States have
difficulties to allocate emissions to the sub-categories. Member States use notation keys like IE or C if
they cannot provide an emission estimate for a certain sub-category. At Member State level, the use of
the notation keys makes transparent the reason for not providing emission estimates. However, at EU-
level, the sub-category emission value is the sum of Member States emission values and the
information of the notation keys used by some Member States is lost in the EU CRF submission. In
order to make this more transparent, the CRF tables include the values or notation keys reported by
the MS as comments. In order to address this problem, some source categories have been reallocated
for the EU CRF tables.

A second problem is the reporting of Member States in “grey cells” or in categories that do not have
standardized UIDs which then need to be included in the CRF reporter manually.

Table 1.7 lists the procedures applied for the EU.

" However, the choice of the emission calculation methodology is made at Member State level and is based on the key category
analysis of each individual Member State.
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Table 1.7 Manual changes in the CRF Reporter

Year Sector Source Parameter Manual changes / inclusion in the CRF
category Reporter

1990-2021 | Energy 1 AB, 1AC, | All Enter Reference Approach data from Eurostat
1AD

2013-2021 | Energy, 1.A.1, COz2, CH4, N20O, | Shift differences due to SWE confidential data

IPPU 1.A.2, NOx, NMVOC into ‘Other fossil fuels’ within the same sub-
1.B.2,2.C, | and CO category, if the total emissions of the sub-
2D, 2G category are available. Otherwise shift differences
to ‘Other’ sub-category.

1990-2021 | IPPU 2.B, 2.C, f gases Enter country-specific f gases
2.E, 2.F,
2.G,2.H

1990-2021 | IPPU 2.C.7, COz2, CH4, N20O, | Enter country-specific emissions and recovery
2.G.4,2.H | NOx, NMVOC, data.

SO2

1990, IPPU 2.A.2, AD Replace aggregated activity (‘AD’) data with gap-

2021 2B.1 filled AD provided by sector experts

1990-2021 | IPPU 2.A, 2B, AD Replace aggregated AD with notation key ‘NE’ if
2.C, 2.D, an aggregation does not make sense due to
2.G,2.H inhomogeneous AD

1990-2021 | Agriculture | 3 CHa, N20O, Enter aggregated data from EEA

NMVOC
1990-2021 | Agriculture | 3 AD Correct additional information with aggregated
data from EEA
1990-2021 | LULUCF 4G All Enter aggregated data (approach B)
1.3.2 Documentation and archiving

The documentation consists of quality management documentation in forms, checklists, inventory
reports and correspondence. Archiving includes archiving of inventory documents and QM documents;
a systematic archiving procedure is a prerequisite for a transparent inventory system.

All the material used for the compilation of the EU GHG inventory including inventory documents and
QM documents are posted in the following directory:

Wumweltbundesamt.at\Projekte\20000\20926 ETC CM 2022 2026\ntern\ETC_CM 2023\2.2.1.2
GHG inventory

There are four sub-directories under this directory:

\Inventory
\Archive
\Quality manual
\General

o pE

The Member States submissions and all correspondence are stored in the sub-directory\Archive. The
central tool for documenting all the material received from MS (including correspondence) is the MS
archive database which includes references, short characterisations and links to e-mails for all MS
submissions. The MS archive database can be searched for documents (CRF, XML, NIR, etc.) or for
mails. Each submission is numbered consecutively.
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1.4 Brief general description of methodologies and data sources used

For the key categories (see Chapter 1.5) the most accurate methods for the estimation of the
greenhouse gas inventory should be used. Table 1.8 gives an overview on the share of emissions for
which higher tiers are used in the EU for all key categories for which this estimation was possible.

As mentioned above, the EU GHG inventory is based on the inventories of its MS. They are
responsible for the methods, emission factors and emissions used, and for the implementation of the
UNFCCC reporting guidelines and the 2006 IPCC Guidelines, taking into account inventory priorities
and resource constraints.

Table 1.8 Share of higher tier methodologies used on the total of each EU key categories (excluding

LULUCF)

Source category gas Share of higher Tier
1.A.1.a Public Electricity and Heat Production: Gaseous Fuels (CO,) 99.0 %
1.A.1.a Public Electricity and Heat Production: Liguid Fuels (CO,) 95.3 %
1.A.1.a Public Electricity and Heat Production: Other Fuels (CO,) 95.8 %
1.A.1.a Public Electricity and Heat Production: Peat (CO,) 99.1 %
1.A.1.a Public Electricity and Heat Production: Solid Fuels (CO,) 96.2 %
1.A.1.b Petroleum Refining: Gaseous Fuels (CO,) 98.3 %
1.A.1.b Petroleum Refining: Liquid Fuels (CO,) 97.7 %
1.A.1.c Manufacture of Solid Fuels and Other Energy Industries: Gaseous Fuels (CO,) 95.6 %
1.A.1.c Manufacture of Solid Fuels and Other Energy Industries: Solid Fuels (CO,) 96.4 %
1.A.2.a Iron and Steel: Gaseous Fuels (CO,) 99.79 %
1.A.2.a Iron and Steel: Liquid Fuels (CO,) 99.00 %
1.A.2.a Iron and Steel: Solid Fuels (CO,) 99.95 %
1.A.2.b Non-Ferrous Metals: Gaseous Fuels (CO,) 95.78 %
1.A.2.c Chemicals: Gaseous Fuels (COy) 99.42 %
1.A.2.c Chemicals: Liquid Fuels (CO,) 92.63 %
1.A.2.c Chemicals: Solid Fuels (CO,) 99.97 %
1.A.2.d Pulp, Paper and Print: Gaseous Fuels (CO,) 92.81 %
1.A.2.d Pulp, Paper and Print: Liquid Fuels (CO,) 92.06 %
1.A.2.d Pulp, Paper and Print: Solid Fuels (CO,) 96.13 %
1.A.2.e Food Processing, Beverages and Tobacco: Gaseous Fuels (CO,) 97.49 %
1.A.2.e Food Processing, Beverages and Tobacco: Liquid Fuels (CO,) 68.80 %
1.A.2.e Food Processing, Beverages and Tobacco: Solid Fuels (COy) 95.46 %
1.A.2.f Non-metallic minerals: Gaseous Fuels (CO,) 99.05 %
1.A.2.f Non-metallic minerals: Liquid Fuels (CO,) 96.29 %
1.A.2.f Non-metallic minerals: Other Fuels (CO,) 69.43 %
1.A.2.f Non-metallic minerals: Solid Fuels (COy) 95.98 %
1.A.2.g Other Manufacturing Industries and Constructions: Gaseous Fuels (CO,) 98.34 %
1.A.2.g Other Manufacturing Industries and Constructions: Liquid Fuels (CO,) 98.34 %
1.A.2.g Other Manufacturing Industries and Constructions: Other Fuels (CO,) 98.34 %
1.A.2.g Other Manufacturing Industries and Constructions: Solid Fuels (CO,) 98.34 %
1.A.3.a Domestic Aviation: Jet Kerosene (CO,) 94.1 %
1.A.3.b Road Transportation: Diesel Oil (CO,) 83 %
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Source category gas

Share of higher Tier

1.A.3.b Road Transportation: Diesel Oil (N,O) 95.6 %
1.A.3.b Road Transportation: Gaseous Fuels (CO,) 91.4 %
1.A.3.b Road Transportation: Gasoline (CH,) 97.4 %
1.A.3.b Road Transportation: Gasoline (CO,) 90 %
1.A.3.b Road Transportation: Liquefied Petroleum Gases (LPG) (CO,) 99.8 %
1.A.3.b Road Transportation: Other Fuels (CO,) 95 %
1.A.3.c Railways: Liquid Fuels (COy) 73.7%
1.A.3.d Domestic Navigation: Gas/Diesel Qil (CO,) 74.3 %
1.A.3.d Domestic Navigation: Residual Fuel Qil (CO,) 65.7 %
1.A.4.a Commercial/Institutional: Gaseous Fuels (CO,) 94 %
1.A.4.a Commercial/Institutional: Liquid Fuels (CO,) 80 %
1.A.4.a Commercial/Institutional: Other Fuels (CO,) 97 %
1.A.4.a Commercial/Institutional: Solid Fuels (CO,) 98 %
1.A.4.b Residential: Biomass (CHa) 50 %
1.A.4.b Residential: Gaseous Fuels (CO,) 94 %
1.A.4.b Residential: Liguid Fuels (CO,) 83 %
1.A.4.b Residential: Solid Fuels (CH4) 8 %
1.A.4.b Residential: Solid Fuels (CO,) 98 %
1.A.4.c Agriculture/Forestry/Fishing: Gaseous Fuels (CO,) 87 %
1.A.4.c Agriculture/Forestry/Fishing: Liquid Fuels (CO,) 7%
1.A.4.c Agriculture/Forestry/Fishing: Solid Fuels (CO,) 97 %
1.A.5.a Other Other Sectors: Solid Fuels (COy) 99.5 %
1.A.5.b Other Other Sectors: Liguid Fuels (CO,) 83 %
1.B.1.a Coal Mining and Handling: Operation (CH,) 1%
1.B.2.a Oil: Operation (CH,) 39 %
1.B.2.a Oil: Operation (COy) 74 %
1.B.2.b Natural Gas: Operation (CH,) 2%
2.A.1 Cement Production (CO5) 100 %
2.A.2 Lime Production (CO,) 99.98 %
2.A.4 Other Process Uses of Carbonates (CO,) 90.92 %
2.B.1 Ammonia Production (CO,) 100 %
2.B.2 Nitric Acid Production (N,O) 100 %
2.B.3 Adipic Acid Production (N,O) 100 %
2.B.8 Petrochemical and Carbon Black Production (CO,) 92.6 %
2.B.9 Fluorochemical Production (HFCs) 100 %
2.B.9 Fluorochemical Production (Unspecified mix of HFCs and PFCs) 100 %
2.B.10 Other chemical industry (CO,) 84.8 %
2.C.1 Iron and Steel Production (CO,) 100 %
2.C.3 Aluminium Production (PFCs) 100 %
2.F.1 Refrigeration and Air conditioning (HFCs) 100 %
3.A.1 Enteric Fermentation: Cattle (CH4) 99.9 %
3.A.2 Enteric Fermentation: Other Sheep (CH,) 82.8 %
3.A.4 Enteric Fermentation: Other livestock (CH,) 63.8 %
3.B.1 CH,4 Emissions: Farming (CH,) 99.8 %
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Source category gas Share of higher Tier

3.B.2 N,O and NMVOC Emissions: Farming (N,O) 98.2 %
3.D.1 Agricultural Soils: Direct N,O Emissions From Managed Soils (N,0) 48.6 %
3.D.2 Agricultural Soils: Farming (N,O) 43.2%
3.G.1 Limestone CaCO3: Farming (CO,) 0%

5.A.1 Managed Waste Disposal Sites: Waste (CH,) 94.2 %
5.A.2 Unmanaged Waste Disposal Sites: Waste (CH,) 100 %
5.B.1 Waste Composting: Waste (CH,) 54.0 %
5.D.1 Wastewater Treatment and Discharge: Domestic Wastewater (CH,) 41.6 %
5.D.1 Wastewater Treatment and Discharge: Domestic Wastewater (N,O) 47.7 %
5.D.2 Wastewater Treatment and Discharge: Industrial Wastewater (CH,) 64.6 %

1.4.1 Use of data from EU ETS for the purposes of the national GHG inventories in EU
Member States

1.4.1.1 Overview

In January 2005 the European Union Greenhouse Gas Emission Trading System (EU ETS)
commenced operation as the largest multi-country, multi-sector Greenhouse Gas Emission Trading
System world-wide, based on Directive 2003/87/EC (European Community 2003). The European
emissions trading system (EU ETS) covers around 40% of the EU’s GHG emissions, in 10,000
installations in 30 participating countries. Besides the 27 Member States of the European Union,
Norway, Iceland and Liechtenstein joined the EU ETS in 2008.

Emissions trading under the EU ETS has taken place in three ‘trading periods’ so far (2005-2007, also
referred to as Phase |; 2008-2012 or Phase Il; 2013-2020 or Phase Ill). The EU ETS Directive was
amended in 2009 to improve and extend the EU ETS. The main changes in the third trading period
compared to previous trading periods are:

. A single, EU-wide cap on emissions applies in place of the previous system of national caps;

. Auctioning, not free allocation, is the default method for allocating allowances. For allowances
allocated for free, harmonised allocation rules apply which are based on EU-wide benchmarks of
emissions performance;

. Inclusion of additional activities and gases, such as N20 from production of nitric, adipic,
glyoxal and glyoxylic acid production, PFCs and COz from primary and secondary aluminium
production, CO2 from production and processing of ferrous metals and non-ferrous metals, COz from
manufacture of mineral wool, CO2 from drying and calcination of gypsum or plaster boards, CO2
emissions from carbon back production, CO2 from ammonia production, COz from bulk organic
chemicals production, CO2 from hydrogen production, CO: from soda ash and sodium bicarbonate
production and CO:2 from CO: capture, transport and storage in storage sites).

. The aviation sector has been included in the EU ETS since 1 January 2012. The aviation
sector, in the EU ETS context covering flights internal to the European Economic Area, has a separate
cap to power stations and other fixed installations which is reduced at a slower rate. Surrender of
emission allowances and reporting for 2013 is not required until 2015, and the inclusion of flights to
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and from countries outside the European Economic Area has been postponed until after 31st
December 2016 (EU 2014);

. Regulations for accreditation and verification (EU 2018a, EU2020a) and for monitoring and
reporting were adopted (EU 2018b, EU2020b).

Phase IV of the EU ETS begun on 1st January 2021. The scope remains the same as in Phase Il
Some adjustments have been brought to the monitoring of emissions for some sectors. The main
changes were on the adjustments of free allowances through time (EU regulation 2019/2042).

Articles 14 and 15 of the Emission Trading Directive require Member States to ensure that emissions
are monitored, reported and verified in accordance with legal requirements in the monitoring and
reporting regulation (MRR) (EU 2018b) and in the accreditation and verification regulation (AVR) (EU
2018a), starting from 1 January 2013 (Phase Ill). All installations covered by the EU ETS have been
required to monitor and report their emissions annually. Data for the installations covered by the EU
ETS are reported by operators to national competent authorities based on a monitoring plan,
elaborated by the operator and approved by the national competent authority, in accordance with the
methodologies established in the monitoring and reporting regulation. The reported emissions for each
installation are included in an annual emission report that must be verified by accredited verifiers in
accordance with the provisions of the regulation on the verification of GHG emission reports (EU
2018a).

Similar to the IPCC 2006 Inventory Guidelines, the EU ETS monitoring and reporting regulation is
based on a tier system which defines a hierarchy of different ambition levels for methods, activity data,
calculation factors (such as emission factors, oxidation or conversion factors). The operator must, in
principle, apply the highest tier level established in the MRR for his installation category, unless he can
demonstrate to the competent authority that this is technically not feasible or would lead to
unreasonably high costs. The operator must periodically prepare and submit to the competent
authorities an improvement report, aiming at improvement of the accuracy of the greenhouse gas
emissions.

Thus, the EU ETS generates an EU-27 data set on verified installation-specific emissions for the
sectors covered by the scheme. For 2021 the main activities, number of entities and verified emissions
reported under the EU ETS are presented Table 1.9.
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Table 1.9 Activities and emissions covered by the EU ETS in 2021 (Member States)

Main activity Activity  Number of Verified
code entities emissions
(Mt CO2-eq.)
Combustion of fuels 20 5362 799
Refining of mineral oll 21 111 106
Production of coke 22 15 6
Metal ore roasting or sintering 23 9 2
Production of pig iron or steel 24 193 113
Production or processing of ferrous metals 25 191
Production of primary aluminium 26 20
Production of secondary aluminium 27 25
Production or processing of non-ferrous metals 28 74 6
Production of cement clinker 29 209 110
Production of lime, or calcination of dolomite/magnesite 30 214 27
Manufacture of glass 31 296 17
Manufacture of ceramics 32 653 13
Manufacture of mineral wool 33 43 2
Production or processing of gypsum or plasterboard 34 33
Production of pulp 35 147 4
Production of paper or cardboard 36 459 20
Production of carbon black 37 17
Production of nitric acid 38 28 3
Production of adipic acid 39 3 0.1
Production of glyoxal and glyoxylic acid 40 1 0
Production of ammonia 41 19 18
Production of bulk chemicals 42 278 34
Production of hydrogen and synthesis gas 43 37 7
Production of soda ash and sodium bicarbonate 44 12 4
Capture of greenhouse gases under Directive 2009/31/EC 45 1 0,00005
Transport of greenhouse gases under Directive 46 0 0
2009/31/EC
Other activity opted-in under Art. 24 99 195 1
All stationary installations 8 644 1308

Source: EEA, 2023 (EU ETS data viewer, EU 27)

1.4.1.2 Mapping table between EU ETS activities and CRF categories

The table below indicates the mapping between the EU ETS activities and the IPCC/CRF categories,
with supporting comments. Such table is based on the scope of the EU ETS in the fourth phase and
the CRF categories based on the revised UNFCCC reporting guidelines (decision 24/CP.19) that
implemented the 2006 IPCC Guidelines.
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The legal framework defining the scope and the methodologies for the reporting of greenhouse gas
emissions under the EU ETS presents differences compared to the 2006 IPCC guidelines. These
differences lead to a different way of reporting emissions under the EU ETS and in the GHG inventory.
Some of these differences may also prevent inventory compilers from using verified emissions
reported under the EU ETS directly for emission reporting in the national GHG inventory. In order to
use greenhouse gas emissions reported under the EU ETS in the national inventories, the inventory

compilers need to deal with these differences.

As in Annex V under the MMR, Annex Xll under Regulation (EU) 2018/1999 on the Governance of the
Energy Union and Climate Action (GOV REG) requires Member States to report EU ETS emissions
per CRF categories and to comment the share of EU ETS emissions in CRF categories.

Table 1.10

Mapping table outlining the correspondence of CRF categories related to the EU ETS activities

EU ETS activity | CRF category

Comment

20 Combustion of
fuels

1.A.1.a Public electricity and
heat production

1.A.1.b Petroleum refining
1.A.2.a Iron and steel
1.A.2.b Non-ferrous metals
1.A.2.c Chemicals

1.A.2.d Pulp, paper and print

1.A.2.e Food processing,
beverages and tobacco

1.A.2.f Non-metallic minerals
1.A.2.g Other

1.A.3.e Other transportation
(pipeline transport)

1.A.4.a Commercial/
Institutional

1.A.4.c Agriculture/ Forestry /
Fisheries

1.B Fugitive emissions from
fuels

For standalone combustion installations, EU ETS
covers combustion of fuels in installation with a total
rated thermal input exceeding 20 MW. For GHG
inventories no such threshold applies.

In the GHG inventory, emissions are classified
based on the purpose of the combustion activity,
while such a differentiation does not exist in the
definition of EU ETS activities.

Installations for the incineration of hazardous or
municipal waste are excluded in the definition of
‘combustion activities’ under the EU ETS but
included in GHG inventories. Installations used for
research, development and testing of new products
and processes are also not covered by the ETS
Directive according to Annex | paragraph 1.

In the EU ETS an installation with different types of
activities is classified according to the activity with
predominant emissions, while in the inventory such
activities should be reported in separate categories
if so defined. This difference mostly applies in cases
of large integrated installations.

Usually, a very small share of EU ETS emission
from fuel combustion falls in the category of 1.A.4.a
Commercial/ Institutional and 1.a.4.c Agriculture/
Forestry/ Fisheries as installations in these sectors
mostly are below the EU ETS threshold.

21 Refining of
mineral oil

1.A.1.b Petroleum refining
1.A.1.c Manufacture of solid
fuels and other energy
industries

1.A.2.c Chemicals

1.B.2.c Venting and flaring
1.B.2.a.iv Fugitive emissions
from oil refining/ storage
2.B.8 Petrochemical and
carbon black production
2.B.10 Other

EU ETS activity covers CO2 emissions from combustion
and also fugitive and process emissions. Emission
sources reported under these activities are allocated to
different CRF categories in the inventory:

Combustion emissions —1.A.1.b Petroleum refining
Flaring emissions — 1.B.2.c Venting and flaring
Refining — 1.B.2.a.iv Oil Refining/ storage
Hydrogen production — may be reported in
1.B.2.a.iv refining/ storage or in 2.B.10 Other
chemical industry

Coke production / calcination —
Manufacture of solid fuels

Flue gas scrubbing — 1.A.1.b Petroleum refining
Gasification of heavy fuel oil, methanol production
— 2.B.8 Petro-chemical and carbon black
production

Production of terephtalic acid — 2.B.10 Other
chemical industry

Claus plants — 1.A.1.b Petroleum refining

1.Aci
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EU ETS activity

CRF category

Comment

22 Production of
coke

1.A.1.c Manufacture of solid
fuels and other energy
industries

1.B Fugitive emissions
1.A.2 Manufacturing
Industries

2.C.1 Iron and Steel

Scopes of EU ETS and 2006 IPCC Guidelines are
generally consistent, however EU ETS emissions
may be allocated to several CRF categories in the
inventory.

The use of mass balance approaches in integrated
iron and steel installations may complicate
allocation between iron and steel categories and
coke production.

23 Metal ore
roasting or
sintering, including
palletisation

1.A.2.a Iron and steel

2.C.1 Iron and steel
production

2.C.5 Lead production
2.C.6 Zinc production
2.C.7 Other metal production

No clear separate category for this EU ETS activity
in the inventory, allocation depends on the metal
type.

Combustion emissions should be allocated to
1.A.2.aIron and steel.

Process emissions should be allocated to 2.C.1 Iron
and steel production or other metal production
categories under industrial processes.

24 Production of
pig iron or steel
including
continuous casting

1.A.2.a Iron and steel

2.C.1 Iron and steel
production

1.B Fugitive emissions
1.A.1.c Manufacture of solid

fuels and other energy
industries

Emissions are included in EU ETS only for those pig
iron or steel installations with a capacity exceeding
a threshold of 2.5 tonnes per hour while in GHG
inventories there is no threshold.

EU ETS activity includes combustion and process
emissions.

Combustion emissions should be allocated to
1.A.2.aIron and steel.

Process emissions should be allocated to 2.C.1 Iron
and steel production.

Emissions from coke production should be allocated
to 1.A.1.c Manufacture of solid fuels and other
energy industries.

Clear separation of combustion and process
emissions is not always possible when mass
balance approaches are used.

Comparability of emissions is influenced by the
allocation of the transfer of CO2 in the process
gases (coke oven gas, blast furnace gas, basic
oxygen furnace gas) to EU ETS activities as well as
to CRF categories. Article 48 of the EU ETS MRR
specifies the allocation of inherent CO2 which
results from an EU ETS activity and is contained in
a gas which transferred to other installations as a
fuel. If transfers of inherent CO2 take place between
EU ETS installations, the COz2 transferred should not
be counted as emissions for the installation of origin,
but for the installation where it is finally emitted.
However, if the transfer occurs to an installation
outside the EU ETS scope, the transferring
installation has to account for the emissions.

25 Production or
processing of
ferrous metals

1.A.2.a Iron and steel

2.C.1. Iron and steel
production

2.C.2 Ferroalloys production
1.A.1.c Manufacture of solid
fuels and other energy
industries

Emissions are included in EU ETS only for those
ferroalloy production installations exceeding rated
thermal input of 20 MW while in GHG inventories
there is no threshold.
EU ETS scope of activity 25 covers CO2 emissions
related to the production or processing of ferrous
metals from:
o conventional and alternative fuels,

reducing agents including coke,

O
o graphite electrodes,
O

raw materials including limestone and
dolomite,

o carbon containing metal ores and
concentrates,

o secondary feed materials.
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EU ETS activity

CRF category

Comment

Combustion related emissions from EU ETS activity
code 25 are included in in CRF 1.A.2.a. Iron and
Steel.

Process related emissions can be included in CRF
2.C.1 Iron and steel production or 2.C.2. Ferroalloys
Production.

26 Production of
primary aluminium

2.C.3 Aluminium production
1.A.2.b Non-ferrous metals

In EU ETS operators shall report emissions from the
production of electrodes for primary aluminium
smelting, including stand-alone-installations for the
production of such electrodes. The operator shall
consider CO:2 emissions from: fuels for the
production of heat or steam, electrode production,
reduction of Al2Os during electrolysis which is
related to electrode consumption, use of soda ash
or other carbonates for waste gas scrubbing.

For PFC emissions resulting from anode effects the
scope of the EU ETS activity and CRF category
2.C.3 are consistent. PFC emissions are allocated
to 2.C.3 Aluminium production.

CRF category 1.A.2.b Non-ferrous metals includes
combustion emission and emission from waste gas
scrubbing.

Emissions from electrode consumption in EU ETS

activity code 26 are included in CRF 2.C.3
Aluminium Production.
27 Production of 1.A.2.b Non-ferrous metals + Emissions are included in EU ETS only for

secondary
aluminium

installations exceeding rated thermal input of 20 MW
while in GHG inventories there is no threshold.

In secondary aluminium production no process
emissions occur therefore all emissions in activity
code 27 are from fuel combustion and are reported
in CRF category 1.A.2.b Non-ferrous metals.

28 Production or
processing of non-
ferrous metals

1.A.2.b Non-ferrous metals
2.C.4 Magnesium production
2.C.5 Lead production

2.C.6 Zinc production

2.C.7 Other metal production

Emissions are included in EU ETS only for non-
ferrous metals production or processing installations
exceeding rated thermal input of 20 MW (including
reducing agents) while in GHG inventories there is
no threshold.

EU ETS activity includes combustion and process
emissions.

Process related emissions from EU ETS activity
code 28 are included in CRF 2.C.4 Magnesium
Production, 2.C.5 Lead production, 2.C.6 Zinc
Production and 2.C.7 Other metal industry.

2006 IPCC Guidelines do not provide
methodologies for metals other than iron and steel,
ferroalloys, aluminium, magnesium, lead and zinc
while the EU ETS has a broader scope and covers,
e.g. copper production.

29 Production of
cement clinker in
rotary kilns

2.A.1 Cement Production
1.A.2.f Non-metallic minerals

Emissions are included in EU ETS only for
installations with production capacity exceeding 500
tonnes per day or in other furnaces with capacity
exceeding 50 tonnes per day. Inventory
methodology has no threshold.

EU ETS activity includes combustion and process
emissions.

Process related emissions from EU ETS activity
code 29 are included in CRF 2.A.1 Cement
Production

Combustion related emissions from ETS activity
code 29 are included in CRF 1.A.2.f. Non-metallic
minerals

30 Production of
lime, or calcination

2.A.2 Lime production

Emissions are included in EU ETS only for
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EU ETS activity

CRF category

Comment

of
dolomite/magnesite
in rotary kilns or in
other furnaces

1.A.2.f Non-metallic minerals

installations with production capacity exceeding 50
tonnes per day. Inventory methodology has no
threshold.

EU ETS activity includes combustion and process
emissions.

Process related emissions from EU ETS activity
code 30 are included in CRF 2.A.2 Lime Production

Combustion related emissions from EU ETS activity
code 30 are included in CRF 1.A.2.f. Non-metallic
minerals.

Non-marketed lime production in some industries
such as iron and steel or sugar refining are included
in the inventory in category 2.A.2, but may be
included in the EU ETS in the dominant activity, e.g.
iron and steel industry or fuel combustion.

31 Manufacture of
glass including
glass fibre

2.A.3 Glass production
1.A.2.f Non-metallic minerals

Emissions are included in EU ETS only for
installations with a melting capacity exceeding 20
tonnes per day. Inventory methodology has no
threshold.

EU ETS activity includes combustion and process
emissions.

Process related emissions from EU ETS activity
code 31 are included in CRF 2.A.3 Glass Production

Combustion related emissions from EU ETS activity
code 31 are included in CRF 1.A.2.f. Non-metallic
minerals

32 Manufacture of
ceramic products
by firing, in
particular roofing
tiles, bricks,
refractory bricks,
tiles, stoneware or
porcelain

2.A.4 Other process uses of
carbonates

1.A.2.f Non-metallic minerals

Emissions are included in EU ETS only for
installations with a production capacity exceeding
75 tonnes per day. Inventory methodology has no
threshold.

EU ETS activity includes combustion and process
emissions.

Process related emissions from EU ETS activity
code 32 are included in CRF 2.A.4 Other process
uses of carbonates.

Combustion related emissions from EU ETS activity
code 32 are included in CRF 1.A.2.f. Non-metallic
minerals.

EU ETS method A is based on carbonate input and
is equivalent to IPCC tier 1 to 3 methods. EU ETS
method B based on the alkali oxide output in the
product has no equivalent method in the 2006 IPCC
Guidelines. IPCC Guidelines also do not provide
methods to estimate emissions from additives.

33 Manufacture of
mineral wool
insulation material
using glass, rock or
slag

2.A.3 Glass production

2.A.4 Other process uses of
carbonates

2.A.5 Other
1.A.2.f Non-metallic minerals

Emissions are included in EU ETS only for
installations with a melting capacity exceeding 20
tonnes per day. Inventory methodology has no
threshold.

EU ETS activity includes combustion and process
emissions.

2.A.3 Glass Production includes emissions from the
production of glass wool, a category of mineral wool,
where the production process is similar to glass
making. Where the production of rock wool is
emissive these emissions should be reported under
IPCC Subcategory 2.A.5.

34 Drying or
calcination of
gypsum or
production of
plaster boards and

1.A.2.f Non-metallic minerals

EU ETS covers COz emissions from this activity,
where combustion units have a total rated thermal
input exceeding 20 MW. For GHG inventories no
such threshold applies.

EU ETS activity only includes combustion-related
emissions.
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EU ETS activity

CRF category

Comment

other gypsum
products

35 Production of
pulp from timber or
other fibrous
materials

1.A.2.d Pulp, paper and print

2.A.4 Other process uses of
carbonates (soda ash use)

« EU ETS activity includes combustion and process
emissions.

»  Combustion related emissions from EU ETS activity
code 35 are included in CRF 1.A.2.d.

* Process related emissions are included in 2.A.4.
Other process uses of carbonates.

36 Production of
paper or cardboard

1.A.2.d Pulp, paper and print

2.A.4 Other process uses of
carbonates (soda ash use)

« EU ETS activity includes combustion and process
emissions.

* Threshold in EU ETS: installations involved in the
production of paper or cardboard a production
capacity exceeding 20 tonnes per day. Inventory
methodology has no threshold.

«  Combustion related emissions from EU ETS activity
code 36 are included in CRF 1.A.2.d.

+ Process related emissions are included in 2.A.4
Other process uses of carbonates.

37 Production of
carbon black
involving the
carbonisation of
organic substances
such as oils, tars,
cracker and
distillation residues

2.B.8 Petrochemical and
carbon black production

1.A.2.c Chemicals

. EU ETS covers CO2 emissions from this activity,
where combustion units have a total rated thermal
input exceeding 20 MW. For GHG inventories no
such threshold applies.

+ EU ETS activity includes combustion and process
emissions.

38 Production of
nitric acid

2.B.2. Nitric acid production
1.A.2.c Chemicals

» Scopes of EU ETS and 2006 IPCC Guidelines for
CO2 emissions from nitric acid production are
consistent.

+ EU ETS activity includes combustion and process
emissions.

« For EU ETS activity 38 all N2O emissions are
process-related and should be allocated to 2.B.2
Nitric acid production.

*+ CO2 emissions in activity code 38 are from fuel
combustion and should be allocated to 1.A.2.c
Chemicals.

39 Production of
adipic acid

2.B.3. Adipic acid production
(CO2)
1.A.2.c Chemicals

*  Scopes of EU ETS and 2006 IPCC Guidelines for
CO2 emissions from Adipic Acid production are
consistent.

+ EU ETS activity includes combustion and process
emissions.

+ For EU ETS activity 39 all N2O emissions are
process-related and should be allocated to CRF
code 2.B.3 Adipic Acid Production.

* CO2 emissions in activity code 38 are from fuel
combustion and should be allocated to 1.A.2.c
Chemicals .

40 Production of
glyoxal and
glyoxylic acid

2.B.4. Caprolactam, glyoxal
and glyoxylic acid production
1.A.2.c Chemicals

» Scopes of EU ETS and 2006 IPCC Guidelines for
N20 emissions from glyoxal production and
glyoxylic acid production are consistent.

+ EU ETS activity includes combustion and process
emissions.

* N20 emissions should be allocated to CRF code
2.B.4 Caprolactam, glyoxal and glyoxylic acid
production.

* CO2 emissions in activity code 40 are from fuel
combustion and should be allocated to 1.A.2.c
Chemicals

41 Production of
ammonia

2.B.1. Ammonia production

+ EU ETS scope of activity code 41 ammonia
production includes:
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EU ETS activity

CRF category

Comment

CO:2 captured for urea
production:

3.H Urea Application
1.A.3.b Road transport
2.D.3 Other non-energy

products from fuels and
solvent use

+ combustion of fuels supplying the heat for
reforming or partial oxidation,

« fuels used as process input in the ammonia
production process (reforming or partial
oxidation),

« fuels used for other combustion processes
including for the purpose of producing hot water
or steam.

»  According to 2006 IPCC Guidelines to avoid double
counting, fuel consumption in ammonia production
should be reported under Ammonia production. In
this regard EU ETS and IPCC scopes are
consistent.

* In the inventory COz from ammonia production
which is recovered and used for urea production is
subtracted and reported by the users. Urea use can
be reported in different CRF sectors, e.g. in 1.A.3.b
Road transport, 3.H Urea application in agriculture,
2.D.3 Other (e.g. in industry catalysts). Under the
EU ETS the CO:z transfer via urea out of the EU ETS
system cannot be deducted from ammonia
production for EU ETS reporting.

42 Production of
bulk organic
chemicals by
cracking,
reforming, partial or
full oxidation or by
similar processes

2.B.8 Petrochemical and
carbon black production
2.B.10 Other chemical
industry

1.A.2.c Chemicals

+ Emissions are included in EU ETS only for
installations with a production capacity exceeding
100 tonnes per day. Inventory methodology has no
threshold.

* EU ETS activity includes combustion and process
emissions.

«  The combustion related emissions are allocated to
CRF code 1.A.2.c Chemicals.

+  Some of the emissions reported under this EU ETS
activity could be allocated to CRF category 2.B.8
Petrochemical and carbon black production (e.g.
CO:z2 process emissions).

+  Some of the emissions reported under this EU ETS
activity could be allocated to CRF category 2.B.10
Other chemical industry (e.g. CO2 emissions from
flaring in chemical industry).

43 Production of
hydrogen and
synthesis gas by
reforming or partial
oxidation

1.A.2.c Chemicals

2.B.1. Ammonia production
2.B.8 Petrochemical and
carbon black production
2.B.10 Other chemical
industry

1.B.2.a.iv Fugitive emissions
from oil refining/ storage

+ Emissions are included in EU ETS only for
installations with a production capacity exceeding
25 tonnes per day. IPCC methodology has no
threshold.

+ EU ETS activity includes combustion and process
emissions.

» In the CRF, there is no separate reporting category
for emissions from hydrogen production. Hydrogen
and synthesis gas production are recognised as part
of integrated chemical production. Therefore, MS
have chosen different approaches for the inclusion
of emissions from hydrogen production (e.g. 2.B.8
or 2.B.10).

*  Some emissions may also be reported under CRF
category 1.B.2.a.iv Fugitive emissions from oil
subcategory refining/ storage.

44 Production of
soda ash and
sodium
bicarbonate

1.A.2.c Chemicals
2.B.7 Soda ash production

+ EU ETS activity includes combustion and process
emissions.

«  Combustion related emissions from EU ETS activity
code 44 for production are included in CRF 1.A.2.c
Chemicals.

*  Process related emissions are included in 2.B.7.
Soda Ash Production
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EU ETS activity | CRF category Comment

45 Capture of Capture of emissions would « Consistent with scope and methodologies of
greenhouse gases | be reported under the inventory.
under Directive respective inventory sector
2009/31/EC e.g. 1.A.1.a Public electricity

and heat production.
46 Transport of 1.C.1 Transport of CO2 + Consistent with scope and methodologies of
greenhouse gases inventory

by pipelines for
geological storage
in a storage site
permitted under

Directive

2009/31/EC

47 Geological 1.C.2 Injection and storage » Consistent with scope of inventory (currently no
storage of emissions reported under the EU ETS)

greenhouse gases
in a storage site
permitted under

Directive

2009/31/EC

99 Other activity Depending on type of activity | Article 24 allows the unilateral inclusion of additional
opted-in under Art. | opted-in activities and gases under the EU ETS. These activities

24 of the ETS

T Ort and gases are not allocated to a specific activity, but
Directive

under a separate activity code.

In the GHG inventory, the emissions are reported per CRF categories (Annex V under the MMR
(phase Il of EU ETS); Annex XlI under the GOV REG for phase IV). In the EU ETS a single
installation can include several ETS activities as defined in Annex | of the EU ETS Directive. In the EU
ETS emissions are attributed to a specific installation, independently from the Annex | activities
covered. Nevertheless, the operator must report detailed information for each source stream of the
installation, and include activities classification as per Annex I, in his annual report to the competent
authorities. The different approaches can lead to differences in reported emissions if ETS activities
and inventory categories are compared directly.

Scope of activities and installation boundaries

For several activities, the EU ETS includes installations only if they exceed certain capacity thresholds.
Such capacity thresholds are not used for the inventory reporting. In addition, installation boundaries
and the scope as to what constitutes an activity under the EU ETS may be different to a source
category for the inventory reporting. Therefore, the scope of activities and the installation boundaries
need careful consideration before EU ETS data are used for inventory purposes.

Determination of tiers

Both IPCC guidelines are based on methodological tiers that require higher tier levels of accuracy for
emission sources contributing to a significant extent to the total emissions in a country. In the inventory
reporting, the key category analysis determines which methodological tier should be used which is
based on the contribution of a source category to the total emission level and the emission trend. If a
source category is determined as key, all emissions from this source/sector have to be estimated
based the same minimum tier methodology.

In the EU ETS the tiers are related to the admissible level of uncertainty for each parameter involved
in the reporting. In the EU ETS tiers apply at installation level for each source stream activity data and
calculation factors and are defined in legislation on the basis of the installation emissions (thresholds
are < 50 kt, =2 50 kt and < 500 kt and > 500 kt COzeq). EU ETS verified emissions, if aggregated at
sectoral level, may include contributions from small, medium and large emitters and are therefore
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based on different EU ETS tiers. When ETS data are used for key categories in the GHG inventory, it
therefore has to be checked carefully whether the EU ETS tiers used for the monitoring of emissions
are in conformity with the IPCC guidance related to the IPCC tiers for a particular source category.

In GHG inventories time series consistency is a mandatory requirement which has also implications on
the choice of methodology. While methodological consistency is also required under the EU ETS
(Article 6 of Regulation No 2018/2066), the EU ETS only started in 2005 and plant-specific and
measured data is often not available for the whole time series back to 1990 and it may be challenging
to construct a consistent time series back to 1990.

The mapping table above shows that a direct comparison between verified emissions from EU ETS
activities and emissions reported in CRF categories is not straightforward.

An analysis of data consistency between EU ETS and inventory data requires: (1) an assessment of
the assignment of the detailed data reported by each individual EU ETS installation to national
competent authorities with respect to the CRF categories; (2) a detailed comparison of the
methodological parameters (methods, activity data, calculation parameters).

1.4.1.3 Use of EU ETS data reported in 2023

Under the GOV REG article 37 (EU 2018c), Member States are required to perform consistency
checks between the emissions reported in the GHG inventories and the verified emissions reported
under the EU ETS Directive. The installation-specific emissions data reported by operators under the
EU ETS can be used in different ways for the purposes of the national GHG inventories:

1. Reported verified emissions can be directly used in the GHG inventory to report CO2 emissions
for a specific source category. This requires a number of careful checks, e.g. whether the
coverage of the respective EU ETS emissions is complete for the respective source category
and that EU ETS activities and CRF source categories follow the same definitions. If EU ETS
emissions are not complete, the emissions for the remaining part of the source category not
covered by the EU ETS have to be calculated separately and added to the EU ETS emissions.

2. Emission factors (or other parameters such as oxidation factors) reported under the EU ETS
can be compared with emission factors used in the inventory and the latter can be harmonised
if the EU ETS provides improved information.

3. Activity data reported under the EU ETS can be used directly for the GHG inventory, in particular
for source categories where energy statistics face difficulties in disaggregating fuel consumption
to specific subcategories, e.g. to specific industrial sectors or for specific non-marketed fuels.

4. Data from EU ETS can be used for more general verification activities as part of national quality
assurance (QA) activities without the direct use of emissions, activity data or emission factors.

5. Datafrom EU ETS can improve completeness of the estimation of IPCC source categories when
additional data for sub-categories become available from EU ETS.

6. EU ETS data can improve the allocation of industrial combustion emissions to sub-categories
under 1.A.2 Manufacturing Industries and Construction.

7. The comparison of the data sets can be used to improve the uncertainty estimation for the
GHG inventories based on the uncertainties of data reported by installations.

Based on the information submitted in the national inventory reports (NIRs) in 2023 to the European
Commission, all Member States indicated that they used EU ETS data at least for QA/QC purposes
(Table 1.11). 24 Member States indicated to directly use the verified emissions reported by
installations under the EU ETS (depending on the sectors). All Member States used EU ETS data to
improve country-specific emission factors. And all Member States reported that they used activity data
(e.g. fuel use) provided under the EU ETS in the national inventory (depending of the sectors).
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Table 1.11  Use of EU ETS data for the purposes of the national GHG inventory

Member State U_se.of Use of Activity Use of emission Use for quality
emissions data factors assurance
Austria v v v v
Belgium v v v v
Bulgaria v v v v
Croatia v v v v
Cyprus v v v v
Czech Republic v v v v
Denmark v v v v
Estonia v v v
France v v v v
Finland v v v v
Germany v v v v
Greece v v v v
Hungary v v v v
Ireland v v v v
Italy v v v v
Latvia v v v v
Lithuania v v v v
Luxembourg v v v v
Malta v v v v
Netherlands v v v v
Poland v v v v
Portugal v v v v
Romania v v v v
Slovakia v v v
Slovenia v v v
Spain v v v v
Sweden v v v v

Source: NIR 2023 submissions of Member States

1.4.1.4 References
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EEA (European Environment Agency) 2022: EU Emissions Trading System (ETS) data viewer
https://www.eea.europa.eu/data-and-maps/dashboards/emissions-trading-viewer-1

41



EU 2012a: Commission Regulation (EU) No 600/2012 of 21 June 2012 on the verification of
greenhouse gas emission reports and tonne-kilometre reports and the accreditation of verifiers
pursuant to Directive 2003/87/EC of the European Parliament and of the Council Text with EEA
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applying a single global market-based measure to international aviation emission (OJ L 129,
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(OJ L 334, 31.12.2018, p. 1-93)
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(EC) No 663/2009 and (EC) No 715/2009 of the European Parliament and of the Council, Directives
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1.4.2 Cooperation with EUROCONTROL

At the end of 2010 the European Commission signed a framework contract with EUROCONTROL, the
European organization for the safety of air navigation, regarding ‘the support to the European
Commission in relation to climate change policy and the implementation of the EU ETS’. This support
project is organized in different Work Packages (WP) corresponding to the different areas identified in
the framework contract and has been regularly continued.

One of these Work Packages pertains to the improvement of GHG and air pollutant emissions
inventories submitted by the 27 Member States and the European Union to the UNFCCC and to the
UNECE. The main objective of the WP is to assist EU Member States improve the reporting of annual

greenhouse gas (and other air pollutant) emission inventories by e.g., estimating the fuel split
42



domestic/international using real flight data from EUROCONTROL. The European Environment Agency
and its ETC/CME assist DG CLIMA regarding the technical requirements.

To support the inventory process for the submission in 2023, in August/September 2022 Member States
received fuel and emissions data for the years 2005 to 2021 as calculated by EUROCONTROL using a
TIER 3b methodology applying the Advanced Emissions Model (AEM). This is a follow up of ERT
recommendations made to perform QA exercises and to make data from EUROCONTROL available to
Member States on a regular basis. In November 2021 one webinar took place to exchange information
between EUROCONTROL and Member States on the data provided.

In the course of the ‘initial checks’ of MS inventories in the first months of 2022 the comparison between
Tier 3b calculations from EUROCONTROL and time series of MS inventories has been conducted with
most actual inventories from Member States. In case of considerable differences between Member State
results and those from EUROCONTROL, the European Environment Agency and its ETC/CME asked
Member States via the EMRT about possible reasons. In addition, the European Environment Agency
provided MS with a comparison between EUROCONTROL data and MS data on fuel consumption of
civil and international aviation for the years 2015 and 2021, related CO2 emissions and implied emission
factors of CH4 and N20. For more information on the results of the collaboration with EUROCONTROL
and the comparison, see chapter 3.4.

As explained in the NIR 2014, comparing emissions reported by Member States with independent
modelling results such as performed by EUROCONTROL is a genuine quality assurance exercise and
assists in identifying areas in need for improvement of aviation emission calculations. In this sense, the
EUROCONTROL results are used for identifying ways of checking and improving the accuracy of
emission estimates for the EU and its Member States in accordance with the ARR of 2014.

1.4.3 Use of global warming potentials

Consistent with the latest Decision on the UNFCCC Reporting Guidelines adopted at COP27 in
Sharm-EI-Sheik, the EU has decided to apply the 100-year global warming potentials values to
calculate the carbon dioxide equivalence of anthropogenic GHG emissions by sources and removals
by sinks as set out in table 8.A.1 of the contribution of Working Group 1 to the Fifth Assessment
Report of the IPCC (AR5) from the current 2023 inventory submission. Table 1.12 provides a
comparison of the global warming potentials used in previous EU submissions (IPCC Fourth
Assessment Report — AR4) and those used in this submissions (AR5).

Table 1.12  Global Warming Potentials from AR4 and AR5

Acronym, common name or chemical name GWP AR4 GWP AR5

Carbon dioxide (CO,) 1 1
Methane (CHg) 25 28
Nitrous oxide (N,0) 298 265
Sulphur hexafluoride (SFe) 22 800 23 500
Nitrogen trifluoride (NF3) 17 200 16 100
Hydrofluorocarbons (HFCs):

HFC-23 CHF3 14 800 12 400
HFC-32 CH,F; 675 677
HFC-41 CHsF 92 116
HFC-125 CHF,CF3 3500 3170
HFC-134 CHF,CHF; 1100 1120
HFC-134a CH,FCF3 1430 1300
HFC-143 CH,FCHF; 353 328
HFC-143a CH;3CF3 4470 4 800
HFC-152 CH,FCH,F 53 16
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Acronym, common name or chemical name GWP AR4 GWP AR5

HFC-152a CH3CHF; 124 138
HFC-161 CHsCH,F 12 4
HFC-227ea CF3CHFCF; 3220 3350
HFC-236¢b CF3CF,CH,F 1340 1210
HFC-236ea CF3CHFCHF; 1370 1330
HFC-236fa CF3CH,CF3 9810 8 060
HFC-245fa CHF,CH,CF3 1030 858
HFC-245ca CH,FCF,CHF; 693 716
HFC-365mfc CH3CF,CH,CF;3 794 804
HFC-43-10mee CF3CHFCHFCF,CF3 or (CsH2F10) 1640 1650
Perfluorocarbons (PFCs):

PFC-14, Perfluoromethane, CF4 7 390 6 630
PFC-116, Perfluoroethane, C,Fg 12 200 11 100
PFC-218, Perfluoropropane, CsFs 8830 8900
PFC-318, Perfluorocyclobutane, c-CsFg 10 300 9540
Perfluorocyclopropane c-CsFg >17 340 9200
PFC-3-1-10, Perfluorobutane, C4F19o 8 860 9200
PFC-4-1-12, Perfluoropentane, CsF1 9160 8 550
PFC-5-1-14, Perfluorohexane, CsF14 9300 7910
PFC-9-1-18, CyoF1s >7 500 7 190

1.5 Description of key categories

A key category analysis has been carried out according to the Tier 1 method (quantitative approach)
described in the 2006 IPCC guidelines. A key category is defined as an emission source that has a
significant influence on a country’s GHG inventory in terms of the absolute level of emissions, the
trend in emissions, or both.

In addition to the key category analysis at Union level, every Member State provides a national key
category analysis which is independent from the assessment at Union level. The Union key category
analysis is not intended to replace the key category analysis by Member States. The key category
analysis at Union level is carried out to identify those categories for which overviews of Member
States’ methodologies, emission factors, quality estimates and emission trends are provided in this
report. In addition, the Union key category analysis helps identifying those categories that should
receive special attention with regard to QA/QC at EU level. The Member States use their key category
analysis for improving the quality of emission estimates at Member State level.

To identify key categories of the EU the following procedure was applied:

e Starting point for the key category identification for this report was the EEA database. All
categories where GHG emissions/removals occur were listed, at an aggregation level such as
2.B.1 and split by gas, while for the sector Energy a less aggregated level such as 1.A.1.a, split
by fuel and per gas was chosen. It makes sense for the EU to rely on this less aggregated level
for the KCA as also the initial checks of the MS submissions are performed at this level of detail
and therefore guarantee a more profound quality checking for all EU key categories (at fuel
level). Additionally the EU KCA (at detailed level) is used in order to select the categories for
which more detailed information is provided in the EU NIR. Although the more detailed EU
approach differs from the KCA generated in the CRF overall the results are very similar.

e The confidential data of Sweden were not included when the key category analysis was
conducted owing to timing constraints. The list of (sub-) categories for which confidential data
reported by member States are excluded when conducting the key category analysis is included

in chapter 1.7.3. The exclusion of confidential Swedish does not significantly affect the EU key
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category analysis as these emissions account for roughly 1000 kt CO2 equ. Whereas the
smallest EU key category is 4744 kt CO:2 equ,

e Alevel and a trend assessment was carried out for the years 1990 and 2021. The assessment
was carried out for emissions excluding LULUCF and including LULUCF.
The key category analysis excluding LULUCF identified 85 key categories for the EU covering
96.4 % of total EU GHG emissions in 2021 (see Annex I). The key category analysis including
LULUCEF resulted in 97 key categories (Table 1.13).

In Chapters 3 to 7 overview tables are presented for each EU key category showing the Member
States’ contributions to the EU key category in terms of level and trend.

Table 1.13  Key categories for the EU (Gg CO:2 equivalents)

Source category gas kt CO; equ. Trend | Level
1990 2021 1990 | 2021
1.A.1.a Public Electricity and Heat Production: Gaseous Fuels (COy) 107683 | 192682 T L L
1.A.1.a Public Electricity and Heat Production: Liquid Fuels (COy) 156335 | 23787 T L L
1.A.1.a Public Electricity and Heat Production: Other Fuels (COy) 10453 | 36428 T L L
1.A.1.a Public Electricity and Heat Production: Peat (CO,) 9164 3829 T L 0
1.A.1.a Public Electricity and Heat Production: Solid Fuels (CO,) 943402 | 452135 T L L
1.A.1.b Petroleum Refining: Gaseous Fuels (CO,) 5228 | 20529 T 0 L
1.A.1.b Petroleum Refining: Liquid Fuels (COy) 97072 | 71844 T L L
1.A.1.c Manufacture of Solid Fuels and Other Energy Industries: Gaseous Fuels 8199 7334 0 L L
flclgi)c Manufacture of Solid Fuels and Other Energy Industries: Solid Fuels (CO,) 88816 | 21620 T L L
1.A.2.a Iron and Steel: Gaseous Fuels (CO,) 29392 | 17973 T L L
1.A.2.a Iron and Steel: Liquid Fuels (COy) 8753 882 T L 0
1.A.2.a Iron and Steel: Solid Fuels (CO,) 112412 | 60381 T L L
1.A.2.b Non-Ferrous Metals: Gaseous Fuels (CO,) 3013 7496 T 0 L
1.A.2.c Chemicals: Gaseous Fuels (CO,) 50492 | 39145 T L L
1.A.2.c Chemicals: Liquid Fuels (COy) 36118 | 21347 T L L
1.A.2.c Chemicals: Solid Fuels (CO,) 11972 9021 0 L L
1.A.2.d Pulp, Paper and Print: Gaseous Fuels (CO,) 11115 18452 T L L
1.A.2.d Pulp, Paper and Print: Liquid Fuels (CO,) 10783 1710 T L 0
1.A.2.d Pulp, Paper and Print: Solid Fuels (CO,) 6770 1882 T 0 0
1.A.2.e Food Processing, Beverages and Tobacco: Gaseous Fuels (CO,) 15813 | 29679 T L L
1.A.2.e Food Processing, Beverages and Tobacco: Liquid Fuels (CO,) 17725 2593 T L 0
1.A.2.e Food Processing, Beverages and Tobacco: Solid Fuels (COy) 11536 3785 T L 0
1.A.2.f Non-metallic minerals: Gaseous Fuels (CO,) 27662 | 34005 T L L
1.A.2.f Non-metallic minerals: Liquid Fuels (CO,) 45759 | 20068 T L L
1.A.2.f Non-metallic minerals: Other Fuels (CO) 1438 | 14429 T 0 L
1.A.2.f Non-metallic minerals: Solid Fuels (CO,) 52433 | 13887 T L L
1.A.2.g Other Manufacturing Industries and Constructions: Gaseous Fuels (CO,) 79637 | 79482 T L L
1.A.2.g Other Manufacturing Industries and Constructions: Liquid Fuels (CO,) 82994 | 35833 T L L
1.A.2.g Other Manufacturing Industries and Constructions: Other Fuels (CO,) 2451 4481 T 0 0
1.A.2.g Other Manufacturing Industries and Constructions: Solid Fuels (CO,) 90752 | 11653 T L L
1.A.3.a Domestic Aviation: Jet Kerosene (COy) 11290 9587 0 L L
1.A.3.b Road Transportation: Diesel Oil (CO,) 270377 | 527871 T L L
1.A.3.b Road Transportation: Diesel Oil (N,O) 1330 5856 T 0 L
1.A.3.b Road Transportation: Gaseous Fuels (CO,) 508 5064 T 0 L
1.A.3.b Road Transportation: Gasoline (CH,) 5562 787 T 0 0
1.A.3.b Road Transportation: Gasoline (CO,) 330546 | 189637 T L L
1.A.3.b Road Transportation: Liquefied Petroleum Gases (LPG) (CO,) 7266 | 14057 T L L
1.A.3.b Road Transportation: Other Fuels (CO,) 1 3069 T 0 0
1.A.3.c Railways: Liquid Fuels (CO,) 11535 3532 T L 0
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Source category gas kt CO, equ. Trend | Level
1990 2021 1990 | 2021
1.A.3.d Domestic Navigation: Gas/Diesel Oil (COy) 12831 9411 0 L L
1.A.3.d Domestic Navigation: Residual Fuel Oil (CO,) 7004 4671 0 L 0
1.A.4.a Commercial/Institutional: Gaseous Fuels (COy) 50214 | 88309 T L L
1.A.4.a Commercial/Institutional: Liquid Fuels (CO,) 73404 | 30656 T L L
1.A.4.a Commercial/Institutional: Other Fuels (CO,) 748 6004 T 0 L
1.A.4.a Commercial/Institutional: Solid Fuels (CO,) 44985 3497 T L 0
1.A.4.b Residential: Biomass (CHa) 10438 | 12446 T L L
1.A.4.b Residential: Gaseous Fuels (CO,) 130249 | 204136 T L L
1.A.4.b Residential: Liquid Fuels (CO,) 173398 | 74950 T L L
1.A.4.b Residential: Solid Fuels (CHy) 8908 2284 T L 0
1.A.4.b Residential: Solid Fuels (CO,) 118866 | 25937 T L L
1.A.4.c Agriculture/Forestry/Fishing: Gaseous Fuels (CO;,) 12291 | 12634 T L L
1.A.4.c Agriculture/Forestry/Fishing: Liquid Fuels (CO,) 64579 | 56783 T L L
1.A.4.c Agriculture/Forestry/Fishing: Solid Fuels (COy) 9686 2671 T L 0
1.A.5.a Other Other Sectors: Solid Fuels (CO,) 5955 8 T 0 0
1.A.5.b Other Other Sectors: Liquid Fuels (CO) 8086 2284 T L 0
1.B.1.a Coal Mining and Handling: Operation (CH.,) 84944 | 25414 T L L
1.B.2.a Oil: Operation (CH,) 6901 77 T L 0
1.B.2.a Oil: Operation (COy) 8593 9126 T L L
1.B.2.b Natural Gas: Operation (CH,) 46325 | 13321 T L L
2.A.1 Cement Production: no classification (CO2) 95237 | 72420 T L L
2.A.2 Lime Production: no classification (CO,) 23918 | 17728 0 L L
2.A.4 Other Process Uses of Carbonates: no classification (CO,) 11061 9873 0 L L
2.B.1 Ammonia Production: no classification (CO,) 30591 | 19299 0 L L
2.B.10 Other chemical industry: no classification (CO,) 6849 | 12096 T 0 L
2.B.2 Nitric Acid Production: no classification (N.O) 40718 2398 T L 0
2.B.3 Adipic Acid Production: no classification (N,O) 33454 120 T L 0
2.B.8 Petrochemical and Carbon Black Production: no classification (CO,) 10029 | 11945 T L L
2.B.9 Fluorochemical Production: no classification (HFCs) 12809 392 T L 0
2.B.9 Fluorochemical Production: no classification (Unspecified mix of HFCs and 4670 46 T 0 0
PF
2.C(.:f)lron and Steel Production: no classification (COy) 103475 | 67285 T L L
2.C.3 Aluminium Production: no classification (PFCs) 17303 283 T L 0
2.F.1 Refrigeration and Air conditioning: no classification (HFCs) 5| 63612 T 0 L
3.A.1 Enteric Fermentation: Cattle (CHy) 200979 | 155937 T L L
3.A.2 Enteric Fermentation: Other Sheep (CH,) 23561 | 16111 0 L L
3.A.4 Enteric Fermentation: Other livestock (CHy) 6545 6070 0 0 L
3.B.1 CH, Emissions: Farming (CHa) 54426 | 44772 T L L
3.B.2 N,O and NMVOC Emissions: Farming (N.O) 25555 | 18131 0 L L
3.D.1 Agricultural Soils: Direct N,O Emissions From Managed Soils (N,O) 116774 | 94410 T L L
3.D.2 Agricultural Soils: Farming (N,O) 31590 | 23584 0 L L
3.G.1 Limestone CaCO3: Farming (CO,) 6701 4744 0 0 L
4.A.1 Forest Land: Land Use (COy) -299886 - T L L
247793
4.A.2 Forest Land: Land Use (CO,) -47685 | -41715 T L L
4.B.1 Cropland: Land Use (COy) 28487 5018 T L L
4.B.2 Cropland: Land Use (CO,) 33463 | 14450 T L L
4.C.1 Grassland: Land Use (CO,) 50918 | 34688 0 L L
4.C.2 Grassland: Land Use (CO,) -8560 | -13438 0 L L
4.D Wetlands: Emissions and removals from drainage and rewetting and other 5481 5962 0 0 L
management of organic and mineral soils (CH4)
4.D.1 Wetlands: Land Use (CO,) 8320 | 10217 T L L
4.D.2 Wetlands: Land Use (CO,) 1004 3437 T 0
4.E.2 Settlements: Land Use (CO,) 21635 | 23007 T L L
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Source category gas kt CO, equ. Trend | Level
1990 [ 2021 1990 [ 2021
4.G Harvested Wood Products: Wood product (CO,) -28666 | -47390 T L L
5.A.1 Managed Waste Disposal Sites: Waste (CH,) 107939 | 65617 T L L
5.A.2 Unmanaged Waste Disposal Sites: Waste (CH,) 27744 9592 T L L
5.B.1 Waste Composting: Waste (CH,) 516 2861 T 0 0
5.D.1 Wastewater Treatment and Discharge: Domestic Wastewater (CH,) 24354 | 11093 T L L
5.D.1 Wastewater Treatment and Discharge: Domestic Wastewater (N,O) 6833 6028 0 0 L
5.D.2 Wastewater Treatment and Discharge: Industrial Wastewater (CH,) 9569 5978 0 L L

Note: EU totals for 2021 in sector Energy do not include data for Sweden due to confidential reporting. For more details on
confidential reporting from Sweden refer to section 1.7.2.

1.6  General uncertainty evaluation

The uncertainty analysis was made on the basis of the Tier 1 uncertainty estimates, which were
submitted by EU Member States as part of their EU GHG inventory reporting requirements under
Article 26(3) and Annex V(Part 1)(m) of the Governance Regulation (EU) 2018/1999.

As documented in previous NIR submissions, some of the MS Tier 1 uncertainty estimates that are
reported for the purpose of compiling the Union inventory are incomplete e.g. uncertainties not
estimated for LULUCF and indirect CO2 emissions, certain subsector emissions are confidential.
Further complexity is also introduced by the fact that the sector and gas resolution at which
uncertainties are provided varies between the countries. For the previous NIR submission in 2022, the
methodology for compiling the EU inventory uncertainties was updated to harmonise and gap-fill the
MS uncertainty estimates so that the tables containing the EU uncertainties are consistent with the
final aggregate-, sector- and subsector emission values reported in the EU CRF tables and elsewhere
in the NIR document.

A processing routine, implemented in R, reads the individual country uncertainty files that are pre-
formatted manually to assign consistent sector and gas labels to the respective estimates of
emissions/removals and uncertainties. The uncertainty values are then aggregated to a common
sector resolution, at which the emissions and removals reported in the Tier 1 uncertainty tables of the
countries are then replaced with the respective values from the final CRF tables of the countries.
These final CRF data of the March submission are accessed via an SQL query of the EEA database
containing the CRF submissions.

Due to the issue of incompleteness mentioned above, the country-level data are then screened to
identify residual emissions and removals for which no uncertainty estimates have been provided.
Where sectors are partially complete, the residual net emission is quantified in CO2 equivalents and
incorporated. An uncertainty is then estimated, by calculating the overall sector uncertainty of the
sources and sinks that were included in that country’s reported Tier 1 uncertainty estimates and
assigning this percentage average to the residual net emission. In cases where for certain sectors no
uncertainties have been provided at all (e.g. indirect CO2 emissions, LULUCF), an average sector
uncertainty in percent is calculated from all the countries for which complete sectoral emissions and
uncertainties were reported, and this average uncertainty is assigned to the country’s sector GHG total
reported in its final CRF tables.

With complete data on uncertainties as well as emissions and removals for all 27 EU Member States,
the routine then aggregates emissions and uncertainties in units of kt CO2e (uncertainties summed in
guadrature) for a specified gas and subsector resolution at the EU level. Despite working with Tier 1
data from the countries, a hybrid approach is applied to estimate level uncertainties that allows
consideration of error correlations. The gas and subsector resolution applied was chosen to allow the

routine to access respective data from CRF Table Summary 3 on emission factors and apply
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correlation coefficients (r) when aggregating the uncertainties. For a given gas and subsector, it is
assumed that the errors of countries using default factors are completely correlated (r = 1), while
errors of countries using country-specific factors are assumed uncorrelated (r = 0). For countries using
a mix of default and country-specific factors, it is assumed that these errors are partially correlated (r =
0.5) with one another and with the errors of countries using the default factors only.

Based on these correlation assumptions, the routine then aggregates emissions and uncertainties for
the specified gas and subsector resolution at the EU level. Uncertainties at the GHG and sector total
level (Table 1.16) are then aggregated from the subsector and gas estimates assuming no correlation
between subsectors and gases. However, for countries reporting very coarse resolution estimates
(e.g. total sector GHG emissions/removals) or where the sector has been partially or completely gap-
filled, it is assumed that these uncertainties are partially correlated (r = 0.5) with one another and with
the other reported subsector- and gas level estimates. Level uncertainties on the total emissions and
removals (with and without LULUCF) are then aggregated from the sector estimates assuming no
correlation between sectors.

Trend uncertainties are also calculated with a hybrid method with varying assumptions with respect to
error correlations in time. At the individual gas and subsector resolution of each country, a trend and
trend uncertainty are calculated assuming full error correlation between the base year and latest year
estimates (r = 1). In the IPCC GPG 2000, it is suggested to assume that emission factors between
years are fully correlated, and activity data are independent. However, in the EU uncertainty estimate,
it is assumed that activity data uncertainties also correlate to some extent between years, because
typically the same data collection methods are used each year. Therefore, for the EU uncertainty
estimate it was decided to assume that emissions (at the gas and subsector level) between years are
fully correlated, even though this may underestimate trend uncertainty to some extent. For countries
reporting very coarse resolution estimates (e.g. total sector GHG emissions/removals) or where the
sector has been partially or completely gap-filled, it is assumed in the trend uncertainty that the base
year and latest year uncertainties at country level are only partially correlated with one another (r =
0.5). These trends and trend uncertainties at country level are then aggregated at EU level (Table
1.16) assuming no correlation in the trend uncertainties between the countries. Correlation in trend
uncertainties between countries is more difficult to quantify, where correlation between different
countries in different years should also be quantified. Furthermore, the effect of correlation on
uncertainty (increasing or decreasing) depends on the direction and magnitude of trend for each
country and each source category. Therefore, a simple conservative assumption cannot be made, and
for simplicity, it was assumed that the trend uncertainty estimates between the countries is
independent. Note that the trend and trend uncertainties are calculated by aggregating in units of kt
COeze (uncertainties summed in quadrature) and then expressed as percentages relative to the
respective base year emissions/removals. The trend and level uncertainties reported throughout the
NIR represent 95 % confidence intervals in the respective values.

Given the Tier 1 format of the reported country level uncertainties (95 % confidence intervals
assuming normal distributions) the above method for the EU applies a first order, Gaussian error
propagation approach. However, given the application of the pragmatic yet defensible assumptions of
error correlations described above, it nonetheless constitutes a more sophisticated, hybrid approach
than required minimum Tier 1 approach under the IPCC guidelines. For instance, assuming no
correlation between level uncertainties between countries would almost certainly lead to
underestimates of the EU total level uncertainties. The EU inventory team therefore considers the
outlined pragmatic approach a workable and defensible methodology to estimate level uncertainties.
Likewise, the assumptions applied to the trend uncertainty analysis is also considered justified, given
that it is most important to consider the strong uncertainty correlation in time.

Effects of correlations were tested in previous submissions both with the previous analytical method

developed, and by using Monte Carlo (MC) simulation, where normal distributions were used in all the

cases to ensure comparability with analytical estimates. Table 1.14 gives an example of such a

comparison made in 2006. The source category chosen for the example is 4D, N2O emissions from
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agricultural soils, as this category has a major effect on inventory uncertainty in most MS. Both the
effects of correlations between years and between Member States were tested.

Table 1.14  Trend uncertainty for EU emissions 2006 of N2O from agricultural soils by using different
assumptions of correlation estimated using Monte Carlo simulation

Years correlate | MS correlate Igir:e?tainty
YES YES -27 to +26
YES NO +13

NO YES -294 to +292
NO NO -116 to +115

Note: “YES” denotes full correlation between years or Member States. Trend uncertainty is presented as percentage points.

It should furthermore be mentioned that applying a MC approach in the EU case would not improve
the uncertainty estimate. Given that the input data are provided by the countries in a Tier 1 format
assuming normal error distributions, applying a MC procedure without any further detailed
assumptions on distributions would simply lead to comparable estimates as the first order
approximation (Table 1.15).

Table 1.15 .Comparison of trend uncertainty estimates 2005 for EU Waste Sector using the modified Tier 1
method and Monte Carlo simulation (Tier 2).

Sector GHG Tier 1 Tier 2

6A. Landfills CHa4 +12 +12

6B. Wastewater CHa4 +27 -28 to +27
6B. Wastewater N20 +9 +9

6C. Waste incineration CO2 +7 +7

6C. Waste incineration CHas +23 -23to +24
6C. Waste incineration N20 +18 +18

Waste Other CHa4 +990 -976 to +993
Total Waste Sector +11 +11

Note: Trend uncertainty is presented as percentage points.

Table 1.16 shows the main results of the Tier 1 uncertainty analysis for the EU. The lowest level
uncertainty estimates are for Fuel combustion activities (2.6 %) and the highest estimates are for
Waste (40.6 %). Overall level uncertainty estimates on total GHG emissions and removals including
LULUCEF is calculated at 4.9 %. If LULUCF is excluded, the total level uncertainty is lower at 3.7 %.
With regard to trend uncertainty estimates (expressed as a percentage of base year emissions), the
lowest uncertainty estimates are for Fuel combustion activities (+/-2.3 percentage points) and the
highest estimates are for LULUCF (17.7 percentage points). Overall trend uncertainty (including
LULUCEF) of total emissions and removals is estimated to be 2.1 percentage points. Excluding
LULUCEF, the trend uncertainty is slightly lower at 1.9 percentage points. More detailed uncertainty
estimates for the source categories are provided in Chapters 3-7.

These trend and level uncertainties differ (to varying extents) from the uncertainties previously
reported in 2022 due to the following reasons:

e An error was identified in the processing routine that led to underestimated LULUCF level and
trend uncertainties. The error has since been corrected with updated uncertainty estimates of
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the LULUCF sector and total GHG emissions and removals already provided to the ERT later
in 2022.

e Change in countries included in the EU GHG inventory. The EU inventory and uncertainty
estimates previously included the United Kingdom and Iceland in the Union totals reported
under the Kyoto Protocol of the UNFCCC. With this 2023 submission marking the first year of
post-Kyoto reporting under UNFCCC, the EU GHG inventory now includes only the 27 Member
States. Analysis of the uncertainty data from 2022 (with and without UK and Iceland), revealed
that this would have varying effects on level and trend uncertainties across sectors (e.qg.
increase in level uncertainties in sectors 1B, 3 and 5; decrease in level uncertainties in sector
4).

e Change from AR4 to AR5 global warming potentials (GWP). Even if emissions in absolute mass
units are unchanged, the change in GWPs leads to a relative change in the contribution of CH4
and N20 sources to the total and sector GHG balances in COzeq. Due to the now higher GWP,
CH4 emissions contribute more to total and sector GHG balances, while N2O emissions
contribute less. Given that uncertainty estimates of CH4 emissions are generally lower than
those of N2O emissions, the change in GWPs has alone reduced the uncertainties in total GHG
emissions from the sector Agriculture.

¢ Methodological recalculations of emissions and uncertainties. Given the factors mentioned
above, it is difficult to identify where methodological changes and recalculations in emissions
by the MS have impacted the EU uncertainty estimates. It is nonetheless important to mention,
that in contrast to previous years, Ireland and Cyprus have provided uncertainty estimates for
the sector LULUCF, which together with recalculations by other MS, appears to have
contributed to a reduction in the level and trend uncertainty of the LULUCF sector.

Due to the above factors, which can have diverging impacts on sector and total uncertainties, it was
considered inappropriate to explicitly quantify and explain the changes in uncertainty estimates
between this and the previous NIR submission. This will however be done in future submissions from
2024 onwards, where changes in uncertainties will not be confounded by changes in the structure of
the Union and/or changes in global warming potentials.

Table 1.16 Tier 1 uncertainty estimates of EU GHG emissions and removals (in CO2 equivalents) for the main

sectors
Source category Gas Emissions Emissions Emission Level uncertainty | Trend uncertainty
Base Year 2021 trends estimates based | estimates based
Base Year- [on MS uncertainty |on MS uncertainty
2021 estimates estimates

1.A Fuel combustion activities all 3578 377 2 601 568 -27,3% 2,6% 2,3%
1.B Fugitive emissions all 168 709 61178 -63,7% 35,7% 8,6%
2. Industrial processes all 444 676 317 934 -28,5% 8,0% 2,8%
3. Agriculture all 484 607 378 430 -21,9% 24,7% 2,6%
4. LULUCF all -208 795 -229 985 10,1% 39,9% 17,7%
5. Waste all 184 184 109 284 -40,7% 40,6% 15,5%
Indirect CO2 emissions all 6 444 3306 -48,7% 27,5% 8,1%
Total (excl LULUCF) all 4 866 998 3471 700 -28,7% 3,7% 1,9%
Total (incl LULUCF) all 4 658 202 3241716 -30,4%) 4,9% 2,1%)

Table 1.17 gives an overview of information provided by EU Member States on uncertainty estimates
in their 2023 national inventory reports and presents summarised results of these estimates.
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Table 1.17

Overview of uncertainty estimates available from EU Member States

Member State Austria Belgium Bulgaria Croatia Cyprus Czechia Denmark
Gitati NIR March 2023, | NIR March 2023, NIR March 2023, NIR March 2023, NIR March 2023, NIR March 2023, | NIR March 2023,
tation pp.61-72 pp.42-43 pp.51-52 pp.52-53 pp.49 pp.42-43 pp.56-62
Method used Tier 1 Tier1 Tier 1 Tier 2 Tier1 Tier 1 Tier 1
Documentation in
NIR (according to Yes (Annex2) Yes (Annex2) Yes (Annex 2) Yes (Annex 2) Yes (Annex 2) Yes (Annex 2) Yes (Annex 2)
IPCC 2006 GL)
Ve d " en:rf:éc;r?i:gz%%l; eTlssclior.]i:Q%ZL emissions: 2021; | emissions: 2021; emissions: 2021; eT:::éZnigé%%l en;'::(;?ig%?l;
years andsectors S99 rends: 1990y onds: 1990-2021; [trends: 1990-2021; | trends: 1990-2021; 50199 5: 199
included 202%;including | 2021 including | o ing'| ULUCF | including LULUCF | excluding LULUCF | 202% including | 2021;including
LULUCF LULUCF 9 9 9 LULUCF LULUCF
Uncertainty (%) Tier1 Tier 1 Tier 1 Tier1 Tier 1 Tier 2 Tier 2 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier1
y 9 (i.L) (e.L) (i.L) (e.L) (e.L) (i.L) (i.L) (e.L) (i.L) (e.L) (i.L) (e.L)
CO, 57% | 2.5%
CH, 13.2%
N,O 102,0%
Fgases 46.5%
Total 7.88% | 437% 3.46% 13.65% 24.7& | -344& 1.91% 10.09% | 4.36% | 2.97% 12.6%
+27.2% | +3.79% 12.5%
Uncertainty in Tier 1 Tier1 Tier 1 Tier 1 Tier1 Tier1 Tier 2 Tier1 Tier 1 Tier 1 Tier 1 Tier1 Tier 1
trend (%) (i.L) (e.L) (i.L) (e.L) (i.L) (e.L) (i.L) (e.L) (i.L) (e.L) (i.L) (e.L)
CO, -47.2% | -44.6%
CH, -6.9%
N,O -34.2%
Fgases -15.9%
-133& | -431&
0, 0 0, 0, 0 0, 0, 0 0, - - 0,
Total 25% | 2.06% 2,00% 5.95% 2.25% +27.6% | +6.19% 1.63% 252% | 4.01% | 1.59% 41.0 38.7%
*Base year for F-gases is 1995
Member State Estonia Fnland France Germany Greece Hungary Ireland
o NIR March 2023, NIR March NIR March 2023, NIR March NIR March 2023,
Citation p.40 NIR March 2023, p.42 2023, pp.83-86 NIR March 2023, pp 121-.124 Pp.63-67 2023, pp.26 pp.19-21
Method used Tier 1 Tier 1 + Tier 2 Tier1 Tier 1 + Tier 2 Tier 1 Tier 1 Tier1
Documentation Yes (Tab.1.11-
in NIR (according| Yes (Annex1) Yes (Annex 2) Yes (Annex 6) Yes (Annex7) Yes (Annex4) Yes (Annex 2) 112)
to IPCC 2006 GL) -
- - emissions: emissions:
emissions: 2021; L . . |emissions: 2021; L . i . A .
Years and trends: 1990- emissions: 20_21' trgnds. trends: 1990- emissions: 2021; trends: 1990- emissions: 2021, | 2021; trends: 2021; trends:
. o . 1990-2021; including o . o . trends: 1990-2021; | 1990-2021; 1990-2021;
sectors included | 2021;including 2021; including 2021; including LULUCF 3 : N R "
LULUCF including LULUCF excluding including
LULUCF LULUCF
LULUCF LULUCF
Uncertainty (%) Tierl | Tierd |Tierl |Tierl |Tier2 |Tier2 | Tierl | Tierl | Tierd | Tierl | Tier2 | Tier2 | Tierl Tier 1 Tier1 (e. L) Tierl | Tierl
Y L) [ liwfew|dr)|er)] (L) | eL) | dL) |ew|dL |eLr) ]| (L) (e.L) T (L) | (e.L)
CO, 4,0% 2.5% 2.6%
CH, 23.5% 23.8% 48,0%
N,O 109,0% | 109.7% 143.9%
F-gases 260.1% | 260.1% 13,0%
-28% | -4% -2.93%|-1.93%
Total 13.03% | 7.52% |[+33% | +4% +46% | +6% 6.7% 6.2% |3.22% | 3.11% +3.26%|+2.39% 13.1% 12,0% 12.3% 11.52% | 3.67%
Uncertainty in Tierl | Tierl |Tierl |Tierl |Tier2 |Tier2 | Tierl | Tierdl | Tierl | Tierl | Tier2 | Tier2 Tier1 Tier 1 Tier1 (e. L) Tierl | Tierl
trend (%) L) [ liwfew|dr)|er)] i) | eL) | dL) e |dr |eLr)] (L) (e.L) T (L) | (e.L)
CO,
CH,
N,O
Fgases
34% | -4% 102%1 6 9606
Total 6.54% | 1.91% |50% | +4% 1.9% 1.7% |3.63% |2.98% [+10.89 9.3% 9.1% 3.6% 10.57% | 2.29%
+59% | +4% % +7.44%

51




Member State Italy Latvia Lithuania Luxembourg Malta Netherlands Poland
Gitati NIR March 2023, | NIR March 2023, | NIR March 2023, | NIR March 2023, NIR March NIR March 2023, pp.43- | NIR March 2023,
tation pp.44 pp.59 pp.38-39 pp.66-71 2023, p.48-49 a7 pp.457-467

Method used Tier 1 Tier1 Tier1 Tier 1 Tier 1 Tier 1 + Tier 2 Tier 1
Documentation in
NIR (according to Yes (Annex 1) Yes (Annex 2) Yes (Annex 2) Yes (pp.55-71) | Yes (Annex2) Yes (Annex 2) Yes (Annex8)
IPCC 2006 GL)
emissions: 2021; | emissions: 2021; | emissions: 2021; | emissions: 2021, emis'sionsz' issions: 2021 rends: emissions: 2021,
Years and sectors| trends: 1990- trends: 1990- trends: 1990- trends: 1990- 23:;0”2%”215 eTE;Zi)I—;T)Sle*' incylurgirr; | trends: 1990-
included 2021; including 2021;including 2021; including 2021; including ) I-d' ’ LULL,’ICF 9 2021; including
LULUCF LULUCF LULUCF LULUCF including LULUCF
LULUCF
Uncertainty (%) Tier1 Tier 1 Tier 1 Tier1 Tierl | Tierl Tier1 Tier 1 Tier1 Tierl | Tierl | Tier2 | Tierl Tier1
Y (i.L) (e.L) (i.L) (e.L) (.L) (e.L) (i.L) (e.L) (.L) (.L) [(e.L) | (L) (.L) (e.L)
CO, 3% 3% 3.1% 1.8%
CH, 8% 9% 20.8% | 20.8%
N,O 31% 34% 42.7% | 45.7%
Fgases 24% 24%
Total 3.8% 2.9% 19% 5% 26.6% | 22.2% | 5.01% | 2.11% 6.96% 3% 3% 4.3% 3.6%
Uncertainty in Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tierl | Tierl | Tier2 | Tierl Tier 1
trend (%) (L) [ L) | L) [ eL) | (L) | eL) | (L) | L) (i.L) (L) | L) L) | (L) | L)
CO, 1.4% 1.25% | 1.19%
CH, 4.7% 1.22% | 1.22%
N,O 6.3% 2.3% 2.27%
Fgases 5.5%
Total 2.8% 2.2% 17% 2% 5.4% 4.3% 5.55% | 2.33% 7.28% 1.6%
* Base year for F-gases is 1995
Member State Portugal Romania Slovakia Slovenia Spain Sweden
Citati NIR March 2023, | NIR March 2023 | NIR March 2023 | NIR March 2023 | NIR March 2023 | NIR March 2023
itation
pp."1-23"-"1-24" pp.94-95 pp.37 pp.29 pp.76 pp-NIR 56-58
Method used Tier 1 Tier 1 Tier1 Tier 1 Tier 1 Tier 1
Documentation in
NIR (according to Yes (AnnexF) Yes (Annex 2) Yes (Annex3) Yes (Annex 2) Yes (Annex6) Yes (Annex7)
IPCC 2006 GL)
emissions: 2021;| emissions: 2021; | emissions: 2021; |emissions: 2021; | emissions: 2021; [ emissions: 2021;
Years and sectors trends: 1990- trends: 1990- trends: 1990- trends: 1990- trends: 1990- trends: 1990-
included 2021;including | 2021;including 2021; including 2021; including 2021; including 2021%; including
LULUCF ** LULUCF LULUCF LULUCF LULUCF LULUCF
Ut Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tierl | Tierl Tier 1 Tier 1 Tier 1
) . . . . .
Y (i.L) (e.L.) (i.L) (e.L.) (i.L) (e.L.) (i.L) (e.L.) (i.L) (e.L)
CO,
CH,
N,O
Fgases
Total 7.8% 41.1% | 20.6% | 11.67% | 2.56% 9.9% 5.67% | 12.7% 8.1% 110% 4.7%
Uncertainty in Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tierl | Tierl Tier 1 Tier 1 Tier 1
trend (%) (i.L) (e.L) (i.L) (e.L.) (i.L) (e.L) (i.L) (e.L.) (i.L) (e.L)
CO,
CH,
N,O
Fgases
Total 7.1% 2.6% 1.9% 4.9% 1.53% | 29.51% | 2.06% | 9.8% 7.6% |[19.58% | 2,00%

* Base year for F-gases is 1995
** The uncertainty analysis was performed only for the
direct GHG: CO2, CH4, N20
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1.7

171

General assessment of the completeness

Completeness checks of Member States’ submissions

The EU GHG inventory is compiled on the basis of the inventories of the EU Member States.
Therefore, the completeness of the EU inventory depends on the completeness of the Member States’
submissions.

In response to the Saturday paper 2010 the EU implemented an action plan in 2011 aiming at
improving the completeness regarding NEs of the EU greenhouse gas inventory.

1.

Given the fairly wide interpretations and applications of notation keys, the identification of a
"real" gap needs expert assessment which is provided by the UNFCCC review and which cannot
be automated by existing EU internal procedures. Thus any action plan implemented by the EU
needs to continue to be based primarily on the UNFCCC review reports. This was in particular
evident with regards to the KP LULUCF, where a carbon pool could be not reported (‘NR’ should
be used) provided that transparent and verifiable information was provided indicating that the
pool was not a source, while notation keys such as NO and NA may also sometimes be linked
to incomplete estimates. In this respect it needs to be stressed that the late availability of the
review reports complicates the follow-up with Member States related to potential missing GHG
estimates before the next EU inventory submission.

The notation key ‘NE’ is not in all cases an indication of a problem and neither the IPCC
guidelines nor the UNFCCC review guidelines foresee an automatic procedure of gap filling
when NEs are reported. For example, the notation "NE" can be used if there are no methods
available in the 2006 IPCC Guidelines. Overall, a fair and complete analysis of the use of "NE"
including the situations highlighted in point 1 above was considered to be indispensable (see
chapter 1.7.1).

Given the above considerations the specific steps of the action plan followed since 2011 are as

follows:

1.

Member States are required by the Governance Regulation to submit their national GHG
inventories electronically to the European Commission by 15 January of each year. A software
program was created by the EEA so that upon submission of the relevant XML/CRF files a
report is generated containing a list of all non-estimated source categories per Member State,
specifying which of these source categories have been flagged in the Saturday Papers and for
which ones IPCC methods are available. This report is then immediately notified to each
Member State. During February the experts of the EU inventory team consult and discuss with
Member States’ experts inter alia:

a. how MS have addressed and documented (or plan to address) the potential issues
flagged in their Saturday Papers regarding missing estimates;

b. the need for applying gap-filling procedures and the selection of the most appropriate
methods;

c. the need to use different notation keys.

Any finding with regard to the use of the notation key “NE” or relevant blank cells is
communicated to the Member States' via the EMRT by 28 February latest. According to the
procedures and time scales described in Annex XXI of the Implementing Regulation, the Draft
EU inventory is sent to MS also by 28 February. Updated or additional inventory data submitted
by MS (to remove inconsistencies or fill gaps) and complete final national inventory reports are
submitted to the European Commission by 15 March.
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In cases where, even after the two preceding steps a Member State's GHG inventory as
submitted to the European Commission by 15 March still contained NEs for categories where
IPCC methods exist, and/or if such reporting has been identified as a problem in previous
reviews, then the EU inventory experts, in close cooperation with Member States, prepare the
missing GHG source estimates in accordance with the gap-filling provisions in Article 5 of the
Commission Delegated Regulation (EU) 2020/104418. Article 5(3) requires Member States to
use the gap-filled estimates in their national submissions to the UNFCCC to ensure consistency
between the EU inventory and Member States’ inventories.

A general assessment of completeness is included in the EU Greenhouse Gas Inventory Report.
For transparency reasons, since 2011 the EU’s inventory submission contains an improved
description of this section to reflect the additional improvements discussed above.

In addition to the steps detailed above, the regular QA/QC procedures established to ensure
the transparency, accuracy, comparability, consistency, and completeness of the EU inventory
continue to be applied. The WG1 on annual inventories continues to address issues of
completeness giving them priority and the EU peer reviews and the ESD reviews focus on
identifying issues that may lead to an under- or overestimation of emissions.

Since 2012 the completeness checks have been extended to the use of the notation key NO and NA.
All cases where less than seven Member States reported NO or NA and all other MS reported
emission estimates were checked by the sector experts and clarified with Member States, if needed.
With the implementation of the new 2006 IPCC Guidelines, there is an additional check regarding
‘insignificance’ as described in paragraph 37 of the UNFCCC Reporting Guidelines, which was also
relevant for the ESD reviews.

Member States may only report NEs if:
1.

2.

There are no 2006 IPCC methods/EFs available.

Emissions are considered insignificant: below 0.05% of the NT & do not exceed 500 kt CO: eq.
The sum of insignificant NEs shall remain below 0.1% of the NT.

a. MS shall indicate in both the NIR and the CRF completeness table why such
emissions/removals have not been estimated.

b. MS should provide justifications for exclusion in terms of the likely level of emissions
in the NIR, using approximated AD and default IPCC EFs.

Emissions have not been reported in a previous submission, otherwise they shall be reported in
subsequent submissions.

If MS report unjustified NEs (according to 1. 2. and 3. above) gap-filling rules will apply

For the sectors energy, industrial processes and product use, agriculture, LULUCF and waste sector-
specific checks are performed by the EU sector experts using outlier tools similar to those of the
UNFCCC and other QA/QC tools. The results of the consistency and completeness checks as well as
the main findings of the sector specific checks are documented in the web-based EEA Emission
Review Tool (EMRT). This tool is accessible for MS inventory coordinators and inventory experts. The
Member States are asked to respond to findings in this tool and if needed provide revised emission
estimates or additional information.

18 Commission Delegated Regulation (EU) 2020/1044 of 8 May 2020 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) No 666/2014; OJ L 230, 17.7.2020, p. 1-

6
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For every updated inventory submission provided by the MS by 15 March follow-up checks are
performed by the sector experts and additional findings are documented in the EEA Emission Review
Tool (EMRT). In addition it is checked if issues identified in the QA/QC communication tool (initial
checks), which are relevant for the EU inventory (report) have been clarified by the MS. If this is not
the case MS are contacted for clarification.

Since 2015 also cases where neither numeric values nor notation keys have been reported (blank
cells) have been included in the checking procedure. EU experts have checked with Member States if
blank cells have been caused by the new CRF reporter software or if in fact the blank cells should be
replaced by notation keys or a numeric values.

1.7.2 Reporting of notation key “NE”

As the EU GHG inventory is the sum of MS inventories all categories reported as “NE” by Member
States are also reflected in the EU GHG inventories. However, the EU CRF tables include only a small
number of categories where “NE” is actually visible because the “NE” of a Member State is only visible
in the EU CRF in a category where all EU MS report notation keys. Table 1.18 shows that 13
mandatory categories have “NE” visible in the CRF tables for 2021.

Table 1.18 Overview of the number of NE visible in the EU CRF tables for 2021
Sector Number of NE visib_le in the EU C_RF for the year 2020 for
mandatory categories (MS reporting NE)
Energy 3 (CZE, POL)
IPPU 9 (CYP, DEU, FRK, SWE)
Agriculture 0
Waste 1(CzE,)

1.7.3 Reporting of confidential data

According to the UNFCCC reporting guidelines Parties may report specific categories with the notation
key C in case of confidentiality. In 2023 only two MS made use of this option; for the year 2021 Croatia
reported CO2, CH4 and N20 emission from 1D2 as confidential (Multilateral operations), while Sweden
reported correct sector totals for all sectors but in the sectors Energy and IPPU on a less aggregated
level the country reported 26 sub-categories as confidential. Manual changes have been performed in
order to reflect this in the most appropriate way in the EU CRF tables. For further details refer to Table
1.7. Please note that the EU GHG inventory team — on request - obtains access to confidential MS
data for quality checking purposes which has been the case for Sweden in 2023.

Therefore, in the relevant sector chapters, EU trends at fuel level do not always include Sweden for
confidentiality reasons and also to preserve time series consistency for the EU. Consequently, the EU
CRF tables at sub-category level and data shown on the same level in the NIR are not always
consistent. Note that at sector level and at national totals level the EU NIR and the EU CRF tables are
fully consistent.

Table 1.19 Confidential data reported by MS in key categories for the EU
Confidential data
Source category gas
1990 2020
1.A.2.c Chemicals: Gaseous Fuels (CO,) SWE
1.A.2.c Chemicals: Solid Fuels (CO,) SWE
1.A.2.f Non-metallic minerals: Gaseous Fuels (CO,) SWE
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Confidential data
Source category gas
1990 2020
1.A.2.f Non-metallic minerals: Other Fuels (CO,) SWE
1.A.2.f Non-metallic minerals: Solid Fuels (CO,) SWE

As the EU GHG inventory is the sum of MS inventories all categories reported as confidential by
Member States are also reflected in the EU GHG inventories. If Member States report confidential
data the notation key “C” will be shown in the comments of the relevant cell in the CRF tables only.

1.7.4 Data gaps and gap-filling

1.7.4.1 Gap filling of emissions

The EU GHG inventory is compiled by using the inventory submissions of the EU Member States. If a
Member State does not submit all data required for the compilation of the EU inventory by 15 March of
a reporting year, the Commission prepares estimates for data missing in collaboration with the
relevant Member State based on the following methodologies and data:

e where a Member State has submitted in the previous reporting year a consistent time series
of estimates for the relevant source category and:

(o]

that Member State has submitted an approximated greenhouse gas inventory for
the year X — 1 pursuant to Article 26(2) of Regulation (EU) 2018/1999 that includes
the missing estimate, on the data from that approximated greenhouse gas
inventory;

that Member State has not submitted an approximated greenhouse gas inventory
for the year X — 1 under Article 26(2) of Regulation (EU) 2018/1999, but the Union
has estimated approximated greenhouse gas emissions for the year X — 1 for that
Member State in accordance with Article 26(2) of Regulation (EU) 2018/19991°, on
the data from that Union approximated greenhouse gas inventory;

the use of the data from the approximated greenhouse gas inventory of the Member
State is not possible or may lead to a highly inaccurate estimation, for missing
estimates in the energy sector, on the energy statistics data obtained in accordance
with Regulation (EC) No 1099/2008 of the European Parliament and of the Council,
the use of the data from the approximated greenhouse gas inventory is not possible
or may lead to a highly inaccurate estimation, for missing estimates in non-energy
sectors, on estimation methodologies consistent with the technical advice on gap
filling in Section 2.2.3 of the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories (Vol. 1) using, where appropriate, European statistics;

e where an estimate of an emission by source or removal by sink for the relevant category
was subject to technical corrections in accordance with Article 38(2)(d) of Regulation (EU)
2018/1999 in the latest review prior to the submission and the Member State concerned has
not submitted a revised estimate, on the method used by the technical expert review team
to calculate the technical correction;

e where a consistent time series of reported estimates for the relevant source category is not
available, on estimation methodologies consistent with the technical advice on gap filling in
Section 2.2.3 of the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (Vol.

1).

19 Regulation (EC) No 1099/2008 of the European Parliament and of the Council of 22 October 2008 on energy statistics; OJ L

304, 14.11.2008, p. 1

56



The Commission prepares the estimates by 31 March of the reporting year, following consultation with
the Member State concerned, and communicates the estimates to the other Member States. The
Member State concerned shall use the estimates referred to for its national submission to the
UNFCCC to ensure consistency between the EU inventory and Member States’ inventories.

The methods used for gap filling include interpolation, extrapolation and clustering. These methods
are consistent with the 2006 IPCC guidelines?°.

1.7.4.2 Gap filling of emissions in GHG inventory submissions 2021

Since 2011 GHG inventory estimates have been complete for all EU Member States, and therefore no
gap filling has been needed.

1.7.4.3 Gap filling of activity data

In response to recommendations of the UNFCCC review team the EU elaborated and implemented a
gap filling procedure for gaps in activity data (for further details on the methodology also see 4.3). Due
to the large resource needs for gap filling the following rules apply:

® Only activity data for key categories will be gap-filled.

e |f more than 75 % of the emissions are calculated on basis of consistent activity data.

e If the IEF has a reasonable degree of consistency (i.e. standard deviation divided by mean < 50 %).
® Only for the latest reporting year.

1.7.4.4 Gap filling of activity data in GHG inventory submissions 2023

Applying the rules mentioned above activity data of the following categories have been gap-filled in
this inventory submission for the year 2021

® Lime Production 2A2
® Ammonia Production 2B1

1.7.5 Geographical coverage of the European Union inventory

Table 1.20 shows the geographical coverage of the EU Member States’ national inventories. Note that
the EU territory of a Member State is not always equivalent to the territory of the Party to the
UNFCCC. For two Member States there are differences in geographical coverage as UNFCCC Party
and/or EU Member State (Denmark and France). If there are differences in geographical coverage the
respective country needs to prepare more than one inventory.

As the EU inventory is the sum of the Member States’ inventories, the EU inventory covers the same
geographical area as the inventories of the 27 Member States for their respective EU territory. Note
that Denmark and France submit GHG inventories to the UNFCCC that may differ from the GHG
inventories used for the EU inventory because these countries submit an inventory to the UNFCCC,
which is consistent with the Party coverage of these countries. However, the EU’s submission under
the Convention is fully consistent with MS GHG emissions by sources and sinks according to the EU
territory. (see Table 1.2019).

20ETC ACC technical note on gap filling procedures, December 2006.
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Table 1.20

Geographical coverage of the Union’s GHG inventory

Member " EU-territory Party coverage | Country
State CrmiEie] BerEn: coverage (UNFCCC) code
Austria Austria v v AUT
Belgium Belglum consisting of Fle_mlsh Region, Walloon v v BEL
Region and Brussels Region
Bulgaria Bulgaria v v BGR
Croatia Croatia v v HRV
Cyprus Avrea under the effective control of the Republic v v cvp
of Cyprus
Czechia Czech Republic v v CZE
Denmark (excluding Greenland and the Faeroe v DNM
Denmark Islands) - -
Denmark (including Greenland and the Faeroe
v DNK
Islands)
Estonia Estonia EST
Finland Finland including Aland Islands FIN
Metropolitan France, the overseas departments
(Guadeloupe, Martinique, French Guiana,
Réunion and Mayotte) and the overseas
community Saint-Martin; excluding the
overseas communities French Polynesia, Wallis v FRK
and Futuna, Saint-Pierre and Miquelon, and
Saint-Barthélemy; and excluding the overseas
France territories (the French Southern and Antarctic
Lands) and New Caledonia.
Metropolitan France, the overseas departments,
the overseas communities, overseas territories v FRA
and New Caledonia.
Germany Germany v v DEU
Greece Greece v v GRC
Hungary Hungary v v HUN
Ireland Ireland v v IRE
Italy Italy v v ITA
Latvia Latvia v v LVA
Lithuania Lithuania v v LTU
Luxembourg | Luxembourg v v LUX
Malta Malta v v MLT
The reported emissions are those that derive
from the legal territory of the Netherlands. This
includes a 12-mile zone out from the coastline
and inland water bodies. It excludes the Dutch
Caribbean territories Aruba, Curagao and Sint
Maarten, which are constituent countries of the
Kingdom of the Netherlands. It also excludes
Netherlands | Bonaire, Saba and Sint Eustatius, which since v v NLD
10 October 2010 have been public bodies
(openbare lichamen) with their own legislation
that is not applicable to the European part of the
Netherlands.
Emissions from offshore oil and gas production
on the Dutch part of the continental shelf are
included.
Poland Poland v v POL
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Member . EU-territory Party coverage | Country
State CREMERIEE COEEE coverage (UNFCCC) code
Mainland Portugal and the two Autonomous
Portugal regions _of _Madelra an_d Azores Islands: In(;ludes v v PRT
also emissions from air traffic and navigation
bunkers realised between these areas.
Romania Romania 4 4 ROU
Slovakia Slovakia v v SVK
Slovenia Slovenia 4 4 SVN
. Spanish part of Iberian mainland, Canary v v
Spain Islands, Balearic Islands, Ceuta and Melilla ESP
Sweden Sweden v v SWE
European v v
Union B2 EUA
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1.7.6 Completeness of the European Union submission

1.7.6.1 National inventory report

The EU NIR follows — as far as possible - the annotated outline of the UNFCCC secretariat with the
exception of the annexes. The main reason for this is the nature of the EU inventory being the sum of
Member States’ inventories. Therefore the main purpose of the annexes is to make transparent the EU
emission estimates by providing the basic Member States tables for every CRF table. Table 1.21
provides information on what is included in the Annexes to the EU GHG inventory report and provides
explanations where the EU does not follow the UNFCCC reporting guidelines.

Table 1.21 Annexes as outlined in the UNFCCC reporting guidelines and annexes included in the EU
submission

AT [EOUTEG) 19 12 N SEEE REgeing) Annex included in the EU submission

guidelines
Annex |: Key categories Included: Key category analyses Tier 1 including and excluding LULUCF
Annex II: Assessment of uncertainty The uncertainty assessment is included in the NIR, section 1.6

Annex llI: Detailed methodological descriptions Included: A summary description of the methodologies used by each
for individual source or sink categories Member State for the EU key categories

Not included: Due to the nature of the EU inventory being the sum of
Member States’ inventories there is no national energy balance which
could be included in this annex.

Annex IV: National energy balance of the most
recent year

Included: Summary Table 2 for all MS in order to make transparent the

Annex V: Additional information data basis of the EU inventory

1.7.6.2 Activity data in the EU CRF

The European Union cannot provide all data in the sectoral background tables. The main reasons for
not completing all sectoral background data tables are: (1) limited data availability partly due to
confidentiality issues; and (2) the use of different type of activity data by Member States. The latter is
due to the fact that the Member States are responsible for calculating emissions. If they use country-
specific methods they may also use different types of activity data. At EU-level these different types of
activity data cannot be simply added up. It should be noted that at EU-level no emissions are
calculated directly on the basis of activity data reported by MS. However, all the details for the
calculation of MS emissions are documented in the Member States’ CRF tables, as part of their
national GHG inventories.
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2 EU GREENHOUSE GAS EMISSION TRENDS

This chapter presents the main GHG emission trends in the EU. Aggregated results are described as
regards total GHG and emission trends are briefly analysed mainly at gas level. A short overview of
countries contributions to total EU GHG trends is given. Finally, the trends of indirect GHGs and SO:
emissions are presented.

2.1 Aggregated greenhouse gas emissions

In 2021, total GHG emissions in the EU, including LULUCF, indirect CO2 and international aviation,
were 30 % (-1 401 million tonnes CO2 equivalents) below 1990 levels. Emissions increased by 6.2 %
(193 million tonnes CO:2 equivalents) between 2020 and 2021. Still, emissions in 2021 remained below
the 2019 pre-COVID-19 pandemic level (3 477 million tonnes CO: equivalent) and confirm an overall
downward trend (Figure 2.1). The EU’s national total emissions?! also include LULUCF and
international aviation to be consistent with the scope of the EU’s 2030 Nationally Determined
Contribution (NDC)?2.

Figure 2.1 EU-27 GHG emissions 1990-2021 (incl. LULUCF, incl. International aviation)
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Notes: The GHG emissions data shown in this figure include indirect CO, emissions, emissions and removals from
LULUCF; and emissions from international aviation, but exclude emissions from international maritime transport.
CO, emissions from biomass with energy recovery are reported as a Memorandum item according to UNFCCC
guidelines and are not included in national totals. In addition, no adjustments for temperature variations or
electricity trade are considered. The 100-year global warming potentials are those from the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change (IPCC).

2 Unless otherwise specified, the national GHG totals in this report always include LULUCF. They may also be referred to as ‘net’
total GHG emissions. The other UNFCCC sectors that are included in the national totals are energy, industrial processes and
product use, agriculture, waste, international aviation, and indirect CO, emissions.

22 https://unfccc.inttNDCREG
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2.1.1 Main trends by source category, 1990-2021

Total GHG emissions (including LULUCF and international aviation) decreased by 1401 Mt COz: eq.
since 1990 (or 29.7 %) reaching 3 311 Mt CO2 equivalent in 2021. There has been a progressive
decoupling of gross domestic product (GDP) and GHG emission compared to 1990, with an increase
in GDP of 61 % alongside a decrease in emissions of about 30 % over the period.

The trend in GHG emissions over the 31-year period was driven by a variety of factors, including the
growing share in the use of renewables, the use of less carbon intensive fossil fuels and
improvements in energy efficiency, as well as to structural changes in the economy, and more recently
the economic recession from the COVID-19 pandemic in 2020 and the recovery of 2021.

The long-lasting changes have resulted in a lower energy intensity of the economy and in a lower
carbon intensity of energy production and consumption in 2021 compared to 1990. Demand for energy
to heat households has also been lower, as Europe on average has experienced milder winters since
1990, which has also helped reduce emissions.

GHG emissions decreased in the majority of sectors between 1990 and 2021, with the notable
exception of transport, refrigeration and air conditioning, where emissions increased, and forest land,
where net removals decreased. For the latter, the main reasons for the decrease in net removals
include the aging of the forests from the late 2000s and a lower annual increment, as well as
increased harvesting. At the aggregate level, emission reductions were largest for manufacturing
industries and construction, electricity and heat production, iron and steel production (including
energy-related emissions) and residential combustion.

A combination of factors explains lower emissions in industrial sectors, such as improved efficiency
and lower carbon intensity as well as structural changes in the economy, with a higher share of
services and a lower share of more-energy-intensive industry in total GDP.

Emissions from electricity and heat production have decreased strongly since 1990. In addition to
improved energy efficiency there has been a move towards less carbon intense fuels. Between 1990
and 2021, the use of solid and liquid fuels in thermal power stations decreased strongly (by 53% and
85%, respectively) whereas natural gas consumption developed in the opposite direction (increasing
by 76%). Coal consumption in 1990 was two times higher than in 2021. The use of renewable energy
sources in electricity and heat generation has increased substantially in the EU since 1990 (by almost
four times, including also non-combustible renewables). Improved energy efficiency and a less carbon
intensive fuel mix have resulted in reduced CO2 emissions per unit of fossil energy generated.

Emissions in the residential sector also represented one of the largest reductions. Energy efficiency
improvements from better insulation standards in buildings, and a less carbon-intensive fuel mix, can
partly explain lower demand for space heating in the EU over the past 31 years.

In terms of the main GHGs, CO2 was responsible for the largest reduction in emissions since 1990.
Reductions in emissions from N2O and CH4 have been substantial, reflecting lower levels of mining
activities, lower agricultural livestock, as well as lower emissions from managed waste disposal on
land and from reduced adipic and nitric acid production.

A number of policies (both EU and country-specific) have contributed to the overall GHG emission
reduction, including key agricultural and environmental policies in the 1990s and climate and energy
policies in the past 16 years since 2005. Despite quick progress reducing agricultural emissions during
the 1990s and early 2000s, they have remained broadly stable since 2005.

Almost all EU Member States reduced emissions compared to 1990 and thus contributed to the overall
positive EU performance. Germany, Romania, Italy and France accounted for two thirds of the total
net reduction in EU emissions during the past 31 years.
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Table 2.1 shows those sources that made the largest contribution to the change in total GHG

emissions in the EU between 1990 and 2021.

Table 2.1

Overview of EU categories whose emissions and/or removals increased or decreased by more than

20 Million tonnes CO:2 equivalent in the period 1990-2021; including LULUCF categories

Source category

Million tonnes
(CO; equivalents)

Road Transportation (CO2 from 1.A.3.b) 131
Refrigeration and Air conditioning (HFCs from 2.F.1) 64
Forest Land (CO2 from 4.A.1) 52
Agricultural soils: Direct N2O emissions (N20 from 3.D.1) -22
Cement Production (CO2 from 2.A.1) -23
Cropland (CO2 from 4.B.1) -23
Adipic Acid Production (N20 from 2.B.3) -33
Nitric Acid Production (N20 from 2.B.2) -38
Fuels used Commercial/Institutional Sector (CO2 from 1.A.4.a) -41
Managed Waste Disposal Sites (CH4 from 5.A.1) -42
Fugitive Emissions from Oil and Natural Gas (CH4 from 1.B.2) -42
Enteric Fermentation: Cattle (CH4 from 3.A.1) -45
Fugitive Emissions from Solid Fuels (CH4 from 1.B.1) -60
Manufacture of Solid Fuels and Other Energy Industries (CO2 from 1.A.1.c) -71
Iron and Steel Production (CO2 from 1.A.2.a + 2.C.1) -108
Fuels used Residential Sector (CO2 from 1.A.4.b) -120
Manufacturing industries (excl. Iron and steel) (Energy-related CO2 from 1.A.2 excl. 1.A.2.a) -218
Public Electricity and Heat Production (CO2 from 1.A.1.a) -518
Total -1401
Notes: As the table only presents sectors whose emissions have increased or decreased by at least 20 million tonnes

CO; equivalent, the sum of the EU key categories in this table does not match the total change in emissions listed at the
bottom of the table, which includes all emission sources in the EU inventory. Note that LULUCF categories and the

Memorandum item international aviation are reflected in this table.

2.1.2 Main trends by source category, 2020-2021

Total GHG emissions (including LULUCF and international aviation) increased in 2021 by 193 million
tonnes, or 6.2 % compared to 2020, to reach 3 311 Mt CO2 equivalent in 2021. The increase in GHG
emissions in 2021 was the largest in absolute and relative terms year-on-year in the EU since 1990.

This can be attributed to the economic recovery, underpinned by higher coal use in the power sector
and transport demand, that followed the strong contraction in economic activity during the COVID-19

pandemic in 2020.

At EU level, almost two thirds of the net increase in GHG emissions in 2021 took place in road
transportation and public electricity and heat production. But almost all economic sectors saw
significant emission increases in 2021, including manufacturing industries and construction, iron and

steel, and international aviation, among others.

The largest increase in CO2 emissions in 2021 came from electricity and heat production, with 64 Mt
(or 10% increase compared to 2020). The increase was driven almost fully by higher coal use in power
stations. Also, greenhouse gas emissions from stationary installations in the EU ETS increased by
about 7% in 2021, which represents the largest increase in emissions since the ETS began operating

in 2005.

Based on Eurostat energy statistics, total electricity production increased in the EU in 2021. Bioenergy
and solar electricity increased, while wind and hydroelectricity declined. Nuclear electricity also

increased in 2021.
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The second largest increase occurred in road transport, with CO2 emissions increasing by 60 Mt (or
9%) in 2021, after a drastic reduction in transport activity in 2020 due to the lockdown measures
during the COVID-19 pandemic. Passenger cars accounted for the largest share of the increase in
road transport emissions, but emissions from light duty and heavy-duty vehicles also increased
significantly in 2021.

Finally, COVID-19 pandemic-related travelling restrictions in 2020 had led to a major decrease in GHG
emissions in the aviation sector (both domestic and international) of 57% compared to 2019 levels.
Although emissions from international aviation increased in 2021 compared to 2020, the increase did
not offset the massive reduction of 2020, with 2021 emissions remaining at levels comparable to those
of the mid-1990s.

Table 2.2 shows the categories making the largest contribution to the change in GHG emissions and
removals in the EU between 2020 and 2021.

Table 2.2 Overview of EU categories whose emissions and/or removals increased or decreased by more than
3 million tonnes CO2 equivalent in the period 2020-2021

Million tonnes

SOUEE Cals ooy (€O, equivalents)
Public Electricity and Heat Production (CO2 from 1.A.1.a) 64
Road Transportation (CO2 from 1.A.3.b) 60
Iron and Steel Production (CO2 from 1.A.2.a + 2.C.1) 20
Manufacturing industries (excl. Iron and steel) (Energy-related CO2 from 1.A.2 excl. 1.A.2.a) 17
International Aviation (CO2 from 1.D.1.a) 13
Forest Land (CO2 from 4.A.1) 9
Fuels used Commercial/Institutional Sector (CO2 from 1.A.4.a) 8
Grassland (CO2 from 4.C.1) 5
Fuels used Residential Sector (CO2 from 1.A.4.b) 4
Harvested Wood Products (CO2 from 4.G) -6
Total 193

Notes: As the table only presents sectors whose emissions have increased or decreased by at least 20 million tonnes
CO; equivalent, the sum of the EU key categories in this table does not match the total change in emissions listed at the
bottom of the table, which includes all emission sources in the EU inventory. Note that LULUCF categories and the
Memorandum item international aviation are reflected in this table.

Table 2.3 gives an overview on total GHG emissions by Member States, illustrating where main
changes occurred.
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Table 2.3

Greenhouse gas emissions in COz equivalent (incl. LULUCF, including aviation)

Change Change 1990+
1990 2021 2020-2021 008 e
million million mnillion
tE:nnes} Eonnas} tE:nnes} (%) (%)

Austria 67.7 68.4 -1.4 -2.0% 0.9%
Balgium 146.1 1152 4.6 4.2% -21.1%
Bulgaria 83.4 45.3 6.3 16.1% -45.6%
Croatia 2586 18.9 0.5 2.9% -26.1%
Cyprus 6.2 9.1 0.5 5.3% 45.7%
Czechia 192.8 127.8 2.4 1.9% -33.7%
Denmark 80.2 47.5 0.6 1.3% =40.7%
Estonia 367 156 1.6 11.7% 57 4%
Finland 48.5 492 96 24.2% 5.8%
France 531.0 406.2 271 7.2% -23.5%
Germany 1299.4 782.7 337 4.5% -39.8%
Greece 104.2 74.5 3.2 4.4% -28.5%
Hungary 82.1 57.4 1.2 2.2% =37.7%
Ireland 62.7 70.8 3.5 5.2% 12.8%
taly 5223 3851 389 10.9% -24 4%
Latvia 13.9 13.4 1.9 16.5% -3.8%
Lithuania 43.2 14.4 0.7 4.8% -66.7%
Luxembourg 13.1 10.7 0.4 4.3% -18.8%
Malta 28 2.4 0.1 2.9% -15.4%
Netherlands 2336 179.3 3.7 2.1% -23.2%
Poland 447.0 382.3 28.0 7.5% -14.5%
Portugal 68.2 52.5 -2.5 -4.6% -23.0%
Romania 229.3 66.4 4.6 7.5% -71.0%
Slovakia 64.6 33.7 4.1 13.8% -47.8%
Slovenia 14.5 13.0 0.2 1.3% -8.9%
Spain 2586 2526 18.0 T.7% =2.3%
Sweden 26.5 7.1 1.2 21.1% -T3.2%
EU-27 47123 3311.5 192.8 6.2% -29.7%
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2.2

Emission trends by gas

Table 2.4, Figure 2.2 and Figure 2.3 give an overview of the main trends in EU GHG emissions and
removals for 1990-2021. In the EU the most important GHG is CO2, accounting for 80 % of total EU
emissions in 2021 including LULUCF and international aviation. In 2021, CO2 emissions including
LULUCF and international aviation were 2 633 Mt, which was 29 % below 1990 levels. Compared to
2020, CO2 emissions increased by 8 %. During that period CH4 and N2O emissions decreased slightly.

Table 2.4 Overview of EU GHG emissions and removals from 1990 to 2021 in CO2 equivalent
GREENHOUSE GAS EMISSIONS 1990 1995 2000 2005 2010 2015 2020 2021
Net CO, emissions/removals 3648 3306| 3285 3382 3070 2761 2378 2 564
CO International aviation 54 65 84 95 100 108 56 69
CHy 663 607 557 510 471 444 418 415
CH 4 International aviation 0 0 0 0 0 0 0 1
N0 300 275 244 232 192 189 185 185
N > O International aviation 0 1 1 1 1 1 0 1
HFCs 13 21 41 62 86 87 73 70
PFCs 22 15 10 6 3 3 2 2
Unspecified mix of HFCs and PFCs 5 5 2 1 1 1 2 2
SFe 10 14 9 7 6 6 5 5
NFsy 0 0 0 0 0 0 0 0
Total (including LULUCF and aviation) 4712 4310 4233 4296 3929 3599 3119 331
Notes: CO, emissions include indirect CO,
Figure 2.2 CO2z emissions 1990 to 2021 (Mt) (including LULUCF and international aviation)
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The largest key categories for CO2 emissions and removals (Figure 2.3) have been reduced between
1990 and 2021 with the exception of 1.A.3.b Road transportation and 4.A.1 Forest Land Remaining
Forest Land.

Figure 2.3  Absolute change of CO2 emissions by large key categories 1990 to 2021 in CO2 equivalents (Mt)
for EU (including LULUCF and aviation)
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Figure 2.4  CO:2 emissions: Share of key categories and all remaining categories in 2021 for EU
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CHa4 emissions account for 13 % of total EU GHG emissions in 2021 and decreased by 37 % since
1990 to 415 Mt CO:2 equivalents in 2021 (Figure 2.5). The two largest key categories are enteric
fermentation from cattle and anaerobic waste (Figure 2.7). They account for 53 % of CH4 emissions in
2021.

68



Figure 2.5  CHas emissions 1990 to 2021 in CO2 equivalents (Mt) (incl. LULUCF and incl. international aviation)
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Figure 2.6 shows that the main reasons for declining CHa4 emissions were reductions in coal mining,
cattle population and anaerobic waste.
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Figure 2.6  Absolute change of CH4 emissions by large key categories 1990 to 2021 in CO: equivalents (Mt) for
EU
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Figure 2.7  CHa emissions: Share of key categories and all remaining categories in 2021 for EU
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N20 emissions are responsible for 6 % of total EU GHG emissions and decreased by 38 % to 186 Mt
CO2 equivalents in 2021 (Figure 2.8). N2O emissions derive mainly from the agriculture sector. The
two largest key categories account for about 64 % of N2O emissions in 2021 (Figure 2.10). Figure 2.9
shows that the main reason for large N2O emission cuts were reductions in chemical industry and
agricultural soils.
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Figure 2.8 N20 emissions 1990 to 2021 in CO2 equivalents (Mt)
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Figure 2.9  Absolute change of N2O emissions by large key categories 1990 to 2021 in CO2 equivalents (Mt)
for EU
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Figure 2.10 N20 emissions: Share of key categories and all remaining categories in 2021 for EU
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Fluorinated gas emissions account for 2.1 % of total EU GHG emissions. In 2021, emissions
amounted to 78 Mt CO:z equivalents, which was 57 % above 1990 levels (Figure 2.11). Refrigeration
and air conditioning, the largest key category, accounts for 82 % of fluorinated gas emissions in 2021.
Figure 2.12 reveals that HFCs from refrigeration and air conditioning showed large increases between
1990 and 2021. The main reason for this is the phase-out of ozone-depleting substances such as
chlorofluorocarbons under the Montreal Protocol and the replacement of these substances with HFCs
(mainly in refrigeration, air conditioning, foam production and as aerosol propellants). On the other
hand, the sum of HFC emissions from categories not presented individually in Figure 2.12 (Other in
Figure 2.12) decreased substantially.
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Figure 2.11 Fluorinated gas emissions 1990 to 2021 in CO:2 equivalents (Mt)
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Figure 2.12 Absolute change of fluorinated gas emissions by large key categories 1990 to 2021 in CO2
equivalents (Mt) for EU
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Figure 2.13 Fluorinated gas: Share of key source categories and all remaining categories in 2021 for EU
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2.3 Emission trends by source

Table 2.5 gives an overview of EU emissions in the main source categories for 1990-2021. The most
important sector in terms of GHG emissions is energy (i.e. combustion and fugitive emissions), which
accounted for 80 % of total emissions including LULUCF and international aviation in 2021. The
second largest sector is agriculture (11 %), followed by industrial processes (10 %). The LULUCF
sector accounted for 6.5% of the EU’s gross national total emissions (excluding LULUCF and including
international aviation) in 2021. More detailed trend descriptions are included in the individual sector
chapters (chapters 3-7) and chapter 9 on indirect CO2 emissions.

Table 2.5 Overview of EU GHG emissions (in million tonnes CO2 equivalent) in the main source and sink
categories for the period 1990 to 2021

GHG SOURCE AND SINK 1990 1995 2000 2005 2010 2015 2020 2021

1. Energy 3747| 3521 3454| 3569 3305 2967 2500 2663
2. Industrial Processes 445 427 409 425 358 340 307 318
3. Agriculture 485 419 409 389 376 384 382 378
4. Land-Use, Land-Use Change and Forestry -209 -316 -304 -342 -353 -322 241 -230
5. Waste 184 188 174 154 137 118 111 109
6. Other 0 0 0 0 0 0 0 0
Indirect CO, emissions 5 6 5 5 4 3 3 3
Memo item: International aviation 54 66 85 96 100 109 56 70
Total (including LULUCF and aviation) 4712| 4310 4233 4296 3929 3599 3119 331
Total (without LULUCF and aviation) 4867| 4560 4452 4542 4181 3812 3304 3472
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2.4  Emission trends by Member State

Table 2.6 gives an overview of EU Member States’ contributions to the EU emissions including
LULUCF and international aviation for 1990-2021. Countries show large variations in GHG emission
trends.

Table 2.6 Overview of countries contributions to total EU GHG emissions, including LULUCF, including
indirect CO2 emissions, and including international aviation from 1990 to 2021 in million tonnes
CO:z-equivalent

Member State 1990 1995 2000 2005 2010 2015 2020 2021
Awustria 67.7 61.5 68.0 76.1 67.0 74.5 69.7 68.4
Belgium 146.1 154.2 151.9 147.2 137.5 122.6 110.6 115.2
Bulgaria 83.4 56.6 40.6 46.6 48.1 53.3 39.1 45.3
Croatia 25.6 14.4 19.2 22.2 21.6 19.3 18.4 18.9
Cyprus 6.2 7.7 9.1 9.9 10.1 8.0 8.6 9.1
Czechia 192.8 150.8 143.7 142.8 135.0 123.3 125.3 127.8
Denmark 80.2 86.9 79.5 75.6 69.6 53.1 46.9 47.5
Estonia 36.7 16.8 12.8 16.5 15.7 17.3 14.0 15.6
Finland 46.5 48.0 46.9 42.6 51.3 40.3 39.6 49.2
France 531.0 522.4 540.2 515.6 482.3 435.2 379.0 406.2
Germany 1299.4 1112.6 1059.7 1016.0 954.2 910.2 748.9 782.7
Greece 104.2 109.2 126.7 135.8 118.4 94.6 714 74.5
Hungary 92.1 71.8 75.0 71.8 62.4 57.1 56.2 57.4
Ireland 62.7 67.9 78.9 81.7 72.4 70.5 67.3 70.8
Italy 522.3 517.6 546.4 567.2 490.7 411.4 356.2 395.1
Latvia 13.9 -2.1 -1.6 5.3 10.2 11.3 11.5 13.4
Lithuania 43.2 18.0 10.1 18.5 10.6 12.5 13.7 14.4
Luxembourg 13.1 10.1 10.0 13.7 13.3 11.3 10.2 10.7
Malta 2.8 3.0 3.1 3.3 3.3 2.5 2.3 2.4
Netherlands 233.6 245.7 235.6 231.9 230.1 211.3 175.6 179.3
Poland 447.0 430.2 360.7 354.2 376.3 356.7 354.3 382.3
Portugal 68.2 60.9 82.6 92.5 65.8 67.7 55.0 52.5
Romania 229.3 158.2 109.7 118.2 89.9 67.5 61.8 66.4
Slovakia 64.6 43.8 39.7 46.1 40.7 35.3 29.6 33.7
Slovenia 14.5 13.8 12.6 13.5 12.7 17.8 12.9 13.0
Spain 258.6 297.3 349.5 406.0 323.2 303.7 234.6 252.6
Sweden 26.5 321 22.1 25.1 16.2 9.3 5.9 7.1
EU-27 4712 4310 4233 4296 3929 3599 3119 3311

The overall EU GHG emission trend is dominated by the largest emitters Germany (24 %), France,
Italy and Poland (12 % each), accounting for half of total EU GHG emissions in 2021. Germany,
Romania, France and Italy accounted for 67% of EU emission reductions between 1990 and 2021.

The main reasons for the favourable trend in Germany were an increase in the efficiency of power and
heating plants and the economic restructuring of the five new “Lander” after the German reunification,
particularly in the iron and steel sector. Other important reasons include a reduction in the carbon
intensity of fossil fuels (with the switch from coal to gas), a strong increase in renewable energy use
and waste management measures that reduced the landfilling of organic waste.

France’s emissions were 24 % below 1990 levels in 2021. France achieved large reductions in N2O
emissions in the chemical industry; also emissions in the large energy-related categories were below
1990 levels in 2021. However, HFC emissions from electronics industry and product uses as
substitutes of ODS increased considerably between 1990 and 2021.

Italy’'s GHG emissions were 24 % below 1990 levels in 2021. Italian emissions decreased significantly
since 2007 with a significant drop in 2009, which was mainly due to the economic crisis and reductions
in industrial output. Since 2010 emissions were decreasing continuously with one exemption in 2015.
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Poland’'s GHG emissions were 15 % below 1990 levels in 2021. The main factors for decreasing
emissions in Poland — as with other Member States — were the decline of energy-inefficient heavy
industry and the overall restructuring of the economy in the late 1980s and early 1990s. The notable
exception was transport (especially road transport), where emissions increased.

Spain’s emissions (accounting for 8% of EU emissions) were 2 % below 1990 levels in 2021. Emission
increases from road transport and households and services where offset by emission reductions from
electricity and heat production.

2.5 Emission trends for indirect greenhouse gases and sulphur dioxide

Emissions of CO, NOx, NMVOC and SO: have to be reported to the UNFCCC Secretariat because
they influence climate change indirectly: CO, NOx and NMVOC are precursor substances for ozone
which itself is a greenhouse gas. Sulphur emissions produce microscopic particles (aerosols) that can
reflect sunlight back out into space and also affect cloud formation. Table 2.7 shows the total indirect
GHG and SO: emissions in the EU between 1990 and 2021. All emissions were reduced significantly
from 1990 levels: the largest reduction was achieved in SO2 (-91 %) followed by,

CO (-68 %), NOx (-61 %) and NMVOC (-59 %).

Table 2.7 Overview of EU indirect GHG and SOz emissions for 1990-2021 (kt) (including international

aviation)
1990 1995 2000 2005 2010 2015 2020 2021
NO, 15206\ 13 259| 11840 11015 9025 7742 5827 5888
co 58 444| 47 138| 36 788| 29 811| 26 309| 21478| 18 328| 18 562
NMVOC 15348| 12 442| 10457 8966| 7742 6718 6337 6316
SO, 20365 13022 8191 6522 3788 2804 1657 1750

Table 2.8 shows the NOx emissions of the EU countries between 1990 and 2021. The largest emitters,
Germany, France, Italy, Poland and Spain made up 64 % of total NOx emissions in 2021. All countries
reduced their NOx emissions between 1990 and 2021.

Table 2.9 shows the CO emissions between 1990 and 2021. The largest emitters, France, Germany,
Italy, Poland and Romania that made up 64 % of the total CO emissions in 2021, reduced their emissions
from 1990 levels substantially. Also all other reduced CO emissions.

Table 2.10 shows the NMVOC emissions of the EU countries between 1990 and 2021. The largest
emitters France, Germany, Italy and Poland that made up 67 % of the total NMVOC emissions in 2021,
reduced their emissions from 1990 levels, together with all countries.

Table 2.11 shows the SO2 emissions of the EU countries between 1990 and 2021. The largest emitters,
Poland and Germany that made up 37 % of the total SOz emissions in 2021, reduced their emissions
from 1990 levels substantially, together with all other countries.
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Table 2.8 Overview of Member States’ contributions to EU NOx emissions (includes international aviation) for
1990-2021 (kt)

Party 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021
Austria 221 202 218 254 213 192 128 127
Belgium 431 421 377 342 266 218 155 160
Bulgaria 266 173 145 159 139 138 100 118
Croatia 105 78 87 85 69 54 44 2
Cyprus 18 20 22 23 19 14 12 12
Czech Republic 737 377 298 287 242 187 141 145
Denmark 301 290 227 209 155 120 94 95
Estonia 84 49 43 40 42 36 31 31
Finland 302 269 239 205 186 140 101 101
France 2264| 2083| 1938| 1727, 1380| 1156 801 828
Germany 2898| 2236| 1955| 1722| 1575| 1488| 1045] 1059
Greece 325 330 360 411 325 245 213 219
Hungary 244 188 186 180 149 129 108 111
Ireland 172 174 187 184 129 122 100 105
Italy 2148| 2021| 1554| 1335 993 783 619 635
Latvia 99 53 43 46 42 38 33 34
Lithuania 152 74 63 64 57 58 53 52
Luxembourg 41 35 41 57 39 29 15 14
Malta 8 10 10 11 11 8 6 6
Netherlands 603 504 419 363 300 252 192 189
Poland 1121] 1080 869 858 845 721 605 591
Portugal 265 302 308 292 215 181 140 144
Romania 500 397 376 329 258 232 212 202
Slovakia 136 112 110 106 88 72 54 58
Slovenia 75 75 59 55 48 35 26 26
Spain 1398| 1445| 1484| 1474 1071 943 679 708
Sweden 291 259 224 195 170 148 117 115
EU-27 15206| 13259 11840 11015 9025| 7742| 5827 5888

78



Table 2.9 Overview of Member States’ contributions to EU CO emissions (includes international aviation) for
1990-2021 (kt)

Party 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021
Austria 1249 975 730 627 583 544 474 524
Belgium 1508| 1281 1006 815 538 399 311 334
Bulgaria 1141 935 410 459 384 362 270 319
Croatia 558 447 469 418 329 268 217 0
Cyprus 43 38 29 26 14 12 10 10
Czech Republic 2045| 1547 1105 945 928 854 790 791
Denmark 718 644 474 425 349 259 191 193
Estonia 224 175 159 134 145 113 111 109
Finland 726 643 572 506 436 358 314 330
France 10816] 9125| 6776 5719 4723| 3057| 2488 2732
Germany 13379| 7254| 5168| 3883| 3556| 3121| 2463] 2598
Greece 1250) 1074 1022 870 608 530 393 393
Hungary 1413 946 823 671 526 450 333 337
Ireland 560 418 325 284 218 180 122 124
Italy 6798| 7071| 4735| 3445 3063| 2268| 1902| 2050
Latvia 394 276 214 206 149 103 95 97
Lithuania 382 217 181 172 156 121 106 108
Luxembourg 469 213 47 40 30 22 16 20
Malta 22 25 19 14 10 6 4 4
Netherlands 1276 918 829 739 684 569 450 443
Poland 3659 4719| 3359 3069| 3407 2844| 2582 2521
Portugal 762 786 643 486 359 288 232 263
Romania 2418 2341| 3522| 2516| 2189| 2136| 2243] 1882
Slovakia 1035 657 542 548 447 370 276 334
Slovenia 290 280 203 182 143 121 88 87
Spain 4211] 3198| 2784| 2118| 1928| 1788| 1563] 1683
Sweden 1095 937 644 494 407 334 284 277
EU-27 58444| 47138| 36788| 29811| 26309| 21478| 18328 18562
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Table 2.10  Overview of Member States’ contributions to EU NMVOC emissions (includes international aviation)
for 1990-2021 (kt)

Party 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021
Austria 334 248 181 157 138 114 111 111
Belgium 354 312 236 185 146 120 119 122
Bulgaria 162 131 97 91 79 83 74 75
Croatia 162 114 99 109 88 68 68 25
Cyprus 10 10 9 7 5 4 5 5
Czech Republic 497 351 283 240 223 198 157 147
Denmark 212 210 181 154 131 115 107 107
Estonia 47 33 28 26 23 24 29 32
Finland 233 203 177 148 113 90 85 82
France 2067| 2555| 2178] 1805| 1484 1228] 1141 1181
Germany 3952| 2366| 1816] 1492 1365 1149] 1030] 1045
Greece 268 251 252 240 182 166 140 134
Hungary 306 210 188 173 130 127 114 115
Ireland 149 137 122 120 111 110 112 114
Italy 1982| 2051| 1626] 1336| 1114 901 844 869
Latvia 87 63 53 50 40 36 36 37
Lithuania 127 87 62 70 61 58 52 53
Luxembourg 28 21 16 15 12 10 10 11
Malta 5 6 5 4 4 4 4 4
Netherlands 424 283 224 180 182 171 151 150
Poland 841 951 826 797 776 734 753 715
Portugal 248 234 231 185 150 141 149 150
Romania 211 161 220 232 228 207 201 206
Slovakia 255 171 144 141 117 105 88 92
Slovenia 65 63 55 48 39 33 31 30
Spain 1056 945 925 758 621 566 592 566
Sweden 367 278 222 204 177 157 138 138
EU-27 15348 12442| 10457 8966 7742 6718 6337 6316

80



Table 2.11  Overview of Member States’ contributions to EU-27 SOz emissions (includes international aviation)
for 1990-2021 (kt)

Party 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021

Austria 74 48 32 26 17 15 11 11
Belgium 365 258 172 141 62 42 25 24
Bulgaria 446 379 336 373 411 428 258 323
Croatia 170 77 60 58 35 16 6 0
Cyprus 32 40 48 38 22 13 12 10
Czech Republic 1729] 1042 221 199 161 126 66 69
Denmark 179 146 33 27 16 10 10 9
Estonia 181 93 77 63 77 48 11 16
Finland 251 105 81 70 68 43 24 24
France 1309 969 648 489 291 174 105 106
Germany 5467 1747 648 479 410 341 245 259
Greece 512 521 563 586 232 113 71 75
Hungary 829 613 427 43 30 24 16 14
Ireland 183 164 145 73 27 16 11 12
[taly 1785 1324 760 414 228 131 86 80
Latvia 101 49 18 9 4 4 4 4
Lithuania 218 86 40 28 18 15 11 11
Luxembourg 16 9 4 3 2 1 1 1
Malta 10 11 10 12 8 2 0 0
Netherlands 189 127 72 63 34 30 19 21
Poland 2553 2044| 1325] 1129 825 639 385 392
Portugal 318 322 295 190 63 46 38 42
Romania 874 707 502 616 376 163 74 80
Slovakia 140 121 117 86 68 67 13 14
Slovenia 202 124 93 39 10 5 3 3
Spain 2128| 1824| 1423] 1234 266 275 137 133
Sweden 103 71 44 34 28 17 15 16
EU-27 20365| 13022| 8191| 6522| 3788 2804, 1657 1750
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3 ENERGY (CRF SECTOR 1)

This chapter starts with an overview on emission trends in CRF Sector 1 Energy. For each EU key
category as well as other important subsector specific categories, overview tables are presented
including the countries’ contributions to the category in terms of level and trend. This chapter includes
also, the reference approach, and international bunkers.

3.1 Overview of sector

CRF Sector 1 Energy comprises of the three sectors Fuel combustion activities (1.A), Fugitive
emissions from fuels (1.B) and COz Transport and storage (1.C). The energy sector contributes 76%
to total GHG emissions and is the largest emitting sector in the EU. Total GHG emissions from this
sector decreased by 29 % from 3747 Mt in 1990 to 2663 Mt in 2021 (Figure 3.1). In 2021, emissions
increased by 6 % compared to 2020.

The most important energy-related gas is CO2 that makes up 78 % of the total EU greenhouse gas
emissions in 2021. CH4 of the energy sector is responsible for 2 % and N20 for 1 % of the total GHG
emissions.

Figure 3.1 CRF Sector 1 Energy: EU GHG emissions in COz equivalents (Mt) for 1990-2021
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Figure 3.2 shows the share of the largest key categories in the sector Energy in 2022. The first chart
illustrates that the three largest key categories account for 71 % and the largest six for 90 % of
emissions in the whole sector 1. The two largest categories of the energy sector alone are responsible
for 55 % of the total EU emissions in 2022.

Figure 3.2  CRF Sector 1 Energy: Share of largest key source categories in 2021
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1.A.4.a and 1.A.4.b.) from the sector total

Furthermore, Figure 3.3 shows the absolute change of GHG emissions of these large key categories
for the years 1990-2021. CO2z emissions from 1.A.3.b Road Transportation had the highest increase in
absolute terms of all energy-related emissions, while CO2 emissions from 1.A.1.a Public Electricity and
Heat Production as well as 1.A.2 Manufacturing Industries decreased substantially between 1990 and
2021. The decreases in Public Electricity and Heat Production and Manufacturing Industries as well as
the increases in Road Transportation occurred in almost all countries. The decline of Fugitive
Emissions from Fuels (CH4) and decreasing CO2z emissions from 1.A.1.c Manufacture of Solid Fuels
and Other Energy Industries are the main reasons for the large absolute emission reductions from
“remaining Energy categories” in Figure 3.3.
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Figure 3.3  CRF Sector 1 Energy: Absolute change of GHG emissions in CO2 equivalents (Mt) by large key
categories for 1990-2021
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Note: Remaining Energy categories is calculated by subtracting the presented categories (1.A.1.a, 1.A.1.b, 1.A.2, 1.A.3.b,
1.A.4.a and 1.A.4.b.) from the sector total

The key categories in the energy sector are as follows:

e 1.A.1.a Public Electricity and Heat Production: Gaseous Fuels (COz)

e 1.A.1l.a Public Electricity and Heat Production: Liquid Fuels (CO2)

e 1.A.1l.a Public Electricity and Heat Production: Other Fuels (CO3)

e 1.A.1.a Public Electricity and Heat Production: Peat (CO2)

e 1.A.1l.a Public Electricity and Heat Production: Solid Fuels (CO3)

e 1.A.1.b Petroleum Refining: Gaseous Fuels (COz2)

e 1.A.1.b Petroleum Refining: Liquid Fuels (COz)

e 1.A.1.c Manufacture of Solid Fuels and Other Energy Industries: Gaseous Fuels (CO2)
e 1.A.1.c Manufacture of Solid Fuels and Other Energy Industries: Solid Fuels (COz)
e 1.A2.alron and Steel: Gaseous Fuels (CO2)

e 1.A2.alron and Steel: Liquid Fuels (CO2)

e 1.A2.alron and Steel: Solid Fuels (COy)

e 1.A.2.b Non-Ferrous Metals: Gaseous Fuels (CO2)

e 1.A.2.c Chemicals: Gaseous Fuels (COy)

e 1.A.2.c Chemicals: Liquid Fuels (COz2)

e 1.A.2.c Chemicals: Solid Fuels (CO2)

e 1.A.2.d Pulp, Paper and Print: Gaseous Fuels (CO>)

e 1.A.2.d Pulp, Paper and Print; Liquid Fuels (CO>)

e 1.A.2.d Pulp, Paper and Print: Solid Fuels (CO2)

e 1.A.2.e Food Processing, Beverages and Tobacco: Gaseous Fuels (COz)
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1.A.2.e Food Processing, Beverages and Tobacco: Liquid Fuels (COz)
1.A.2.e Food Processing, Beverages and Tobacco: Solid Fuels (COz2)
1.A.2.f Non-metallic minerals: Gaseous Fuels (COz2)

1.A.2.f Non-metallic minerals: Liquid Fuels (COz)

1.A.2.f Non-metallic minerals: Other Fuels (CO2)

1.A.2.f Non-metallic minerals: Solid Fuels (CO2)

1.A.2.g Other Manufacturing Industries and Constructions: Gaseous Fuels (COx2)
1.A.2.g Other Manufacturing Industries and Constructions: Liquid Fuels (CO2)
1.A.2.g Other Manufacturing Industries and Constructions: Other Fuels (COz)
1.A.2.g Other Manufacturing Industries and Constructions: Solid Fuels (CO2)
1.A.3.a Domestic Aviation: Jet Kerosene (CO2)

1.A.3.b Road Transportation: Diesel Oil (COz)

1.A.3.b Road Transportation: Diesel Oil (N20)

1.A.3.b Road Transportation: Gaseous Fuels (COz2)

1.A.3.b Road Transportation: Gasoline (CHa)

1.A.3.b Road Transportation: Gasoline (CO3)

1.A.3.b Road Transportation: Liquefied Petroleum Gases (LPG) (CO2)
1.A.3.b Road Transportation: Other Fuels (COz)

1.A.3.c Railways: Liquid Fuels (COz)

1.A.3.d Domestic Navigation: Gas/Diesel Oil (COz)

1.A.3.d Domestic Navigation: Residual Fuel Oil (CO2)

1.A.4.a Commercial/Institutional: Gaseous Fuels (COz)

1.A.4.a Commercial/Institutional: Liquid Fuels (CO2)

1.A.4.a Commercial/Institutional: Other Fuels (COz)

1.A.4.a Commercial/Institutional: Solid Fuels (CO2)

1.A.4.b Residential: Biomass (CHa)

1.A.4.b Residential: Gaseous Fuels (CO2)

1.A.4.b Residential: Liquid Fuels (CO>)

1.A.4.b Residential: Solid Fuels (CH4)

1.A.4.b Residential: Solid Fuels (COz)

1.A.4.c Agriculture/Forestry/Fishing: Gaseous Fuels (CO2)

1.A.4.c Agriculture/Forestry/Fishing: Liquid Fuels (COz)

1.A.4.c Agriculture/Forestry/Fishing: Solid Fuels (COz)

1.A.5.a Other Other Sectors: Solid Fuels (CO2)

1.A.5.b Other Other Sectors: Liquid Fuels (COz2)

1.B.1.a Coal Mining and Handling: Operation (CHa)

1.B.2.a Oil: Operation (CHa4)

1.B.2.a Oil: Operation (CO2)

1.B.2.b Natural Gas: Operation (CHa)
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3.2 Source categories

3.2.1 Energy Industries (CRF Source Category 1.A.1)

Energy Industries (CRF 1.A.1) comprises emissions from fuels combusted by the fuel extraction or
energy-producing industries and is subdivided in three categories: Public electricity and heat
production (CRF 1.A.1.a), Petroleum-refining (CRF 1.A.1.b), and Manufacture of solid fuels and other
energy industries (CRF 1.A.1.c). Each category is described in its own chapter.

Table 3.1 shows the nine key categories of sector 1.A.1, including information on whether the reasons
for this categorization lie in their emission trend and/or level. Furthermore, it entails information on the
share of higher tier methods used by the countries. In sector 1.A.1.a Germany, Poland and Italy have
mainly been influencing this share of higher tier methods because of their weight of emissions. The
same applies for Italy, Germany and Spain in sector 1.A.1.b and Germany, Italy and Czechia in sector
1.Alc.

Table 3.1: Key source categories for level and trend analyses and share of MS emissions using higher tier methods in sector
1.A1

s ; kt CO; equ. Trend Level share of
ource category gas ren ; 8
9oy 1990 | 2021 1990 | 2021 | higher Tier

1.A.1.a Public Electricity and Heat Production: Gaseous Fuels (CO,) | 107683 | 192682 T L L 199.0%
1.A.1.a Public Electricity and Heat Production: Liguid Fuels (CO,) 156335 | 23787 T L L 195.3%
1.A.1.a Public Electricity and Heat Production: Other Fuels (CO,) 10453 | 36428 T L L ]195.8%
1.A.1.a Public Electricity and Heat Production: Peat (CO,) 9164 3829 T L 0 [99.1%
1.A.1.a Public Electricity and Heat Production: Solid Fuels (CO,) 943402 | 452135 T L L 196.2%
1.A.1.b Petroleum Refining: Gaseous Fuels (COy) 5228 | 20529 T 0 L ]98.3%
1.A.1.b Petroleum Refining: Liquid Fuels (COy) 97072 | 71844 T L L [97.7%
1.A.1.c Manufacture of Solid Fuels and Other Energy Industries:

Gaseous Fuels (CO,) 8199 7334 0 L L |95.6%
1.A.1.c Manufacture of Solid Fuels and Other Energy Industries:

Solid Fuels (CO,) 88816 | 21620 T L L 1964%
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Figure 3.4 shows the trends in emissions in Energy Industries for the EU between 1990 and 2021,
which was mainly dominated by CO2 emissions from public electricity and heat production. Carbon
dioxide from 1.A.1.a currently represents about 85 % of greenhouse gas emissions in 1.A.1 in 1990
(i.e. including methane and nitrous oxide) and 84.3 % in 2021.

Total greenhouse gas emissions from 1.A.1 decreased by 41.7%, between 1990 and 2021. This was
mainly due to a decrease of CO2eq emission from Public Electricity and Heat Production (- 515.9 Mt
CO2eq) followed by -71.2 Mt COzeq of the manufacturing of solid fuels and -14.5 Mt COzeq from
petroleum refining.

The decrease in fuel consumption since 2006 can be explained by the continuing effects of the
economic downturn, the increased use of renewables, but also by enhanced energy efficiency in the
newer EU Member States as well as mild winters. The reduction is particularly visible between 2019
and 2020 due to the COVID pandemic situation. Consumptions and emissions have increased again
in 2021 but remain lower than the 2019 levels.

Figure 3.4  1.A.1 Energy Industries: Total GHG, CO2 and N20 emission trends and Activity Data
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Note: Data displayed as dashed line refers to the secondary axis.
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Table 3.2 breaks down the information by country. Between 1990 and 2021, greenhouse gas
emissions from energy industries increased in two countries and fell in 27. The highest absolute
increase was accounted for by Cyprus with 1.3 Mt CO:ze respectively 74.7 %. Germany, followed by
Poland, Italy and Romania account for the largest part of reductions (-369.5 Mt CO2eq). The change in
the EU was a net decrease of about 601.6 Mt COzeq or 41.7% in 31 years. The table shows the
emissions of GHG, N20 and CHas separately expressed in COz2eq. The latter two greenhouse gases
only contribute a very small part (combined approximately 1 %) of the total emissions in energy

industries.

In terms of absolute contributions to EU greenhouse gas emissions from energy industries, this sector
is clearly dominated by Germany, Poland Italy followed by Netherlands. The first two combined are

responsible for 47.7 %, all four countries represent 63.6% and the top six countries account for 73.4 %
of the EU’s greenhouse gas emissions from energy industries.

Table 3.2 1.A.1 Energy industries: Countries’ contributions to CO2, N2O and CH4 emissions
GHG emissions in kt CO2 . . N20O emissions in kt CO2 CH4 emissions in kt CO2
. CO2 emissions in kt . .
Member State equivalents equivalents equivalents
1990 2021 1990 2021 1990 2021 1990 2021

Austria 14 008 8 855 13 961 8739 37 87 9 29
Belgium 29 728 18 191 29 547 18 049 159 104 22 38
Bulgaria 36 526 22101 36 401 21963 111 106 15 31
Croatia 7087 3757 7 066 3718 15 25 6 13
Cyprus 1767 3088 1761 3078 4 6 2 3
Czechia 56 830 41 054 56 594 40 829 218 184 19 41
Denmark 26 249 8 315 26 156 8 109 76 75 17 131
Estonia 28 285 6 995 28 269 6 948 13 29 3 18
Finland 18 958 13 390 18 843 13122 104 231 11 37
France 66 293 39 357 65 821 39 085 399 215 74 56
Germany 430 973 240 461 427 843 235974 2 816 1753 314 2734
Greece 43 238 25473 43 094 25 420 129 40 16 13
Hungary 20 865 11 497 20 795 11 423 60 46 11 28
Ireland 11 216 10 170 11 145 10 063 64 96 7 12
Italy 137 620 86 428 136 941 86 009 425 289 254 130
Latvia 6 317 1437 6 302 1392 10 25 5 20
Lithuania 13 552 2784 13 522 2707 18 43 11 34
Luxembourg 35 222 32 214 1 4 1 3
Malta 1765 773 1759 772 5 0 1 0
Netherlands 53 356 47 387 53 147 46 957 132 265 77 165
Poland 235 229 160 223 234 294 159 532 905 660 30 31
Portugal 16 415 8 206 16 366 8 092 43 99 7 14
Romania 71 695 18 888 71 488 18 811 164 62 43 14
Slovakia 18 959 6993 18 893 6 948 57 28 9 17
Slovenia 6 374 4198 6 349 4176 23 18 2 4
Spain 78 851 41 247 78 541 40 786 257 386 53 75
Sweden 9 858 8961 9 746 8714 99 182 12 65
EU-27 1 442 050 840 447 1434 674 831 628 6 343 5 059 1033 3759

Abbreviations are explained in the Chapter ‘Units and abbreviations’

Public heat and electricity production is the main source of emissions from energy industries.
Furthermore, it is the largest source category in the EU greenhouse gas inventory. Differences in the
intensity of greenhouse gas emissions of heat and electricity production between the countries are to
a large extent explained by the mix of fuels or technologies, which are used. Some countries rely more
on coal than on gas. At the EU level, 37.9 % of the fuel used in energy industries comes from solid
fuels. Its contribution has been declining in favour of the relatively cleaner natural gas, with about

32.0 % in 2021. However, solid fuels represent the first source of energy in 2021. Biomass has been
constantly increasing with a share of 14.7 % in 2021.

As can be seen in Figure 3.5 Germany, Poland and Italy contribute 57.9 % of the total CO2 emissions
in sector 1.A.1 Energy industries in the year 2021. The relatively low share of greenhouse gas
emissions from energy industries in France can be partly explained by the use of nuclear and hydro
energy for power generation.
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Figure 3.5 1.A.1 Energy Industries, all fuels: Emission trend and share for CO2
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3.2.1.1 Public Electricity and Heat Production (1.A.1.a) (EU)

According to the 2006 IPCC guidelines, emissions from public electricity and heat production (CRF
1.A.1.a) should include emissions from main activity producers of electricity generation, combined heat
and power generation, and heat plants. Main activity producers (i.e. public utilities) are defined as
those undertakings whose primary activity is to supply the public. They may be in public or private
ownership. Emissions from own on-site use of fuel should be included. Emissions from autoproducers
(undertakings which generate electricity/heat wholly or partly for their own use, as an activity that
supports their primary activity) should be assigned to the sector where they were generated and not
under 1.A.1.a. autoproducers may be in public or private ownership.

CO:2 emissions from electricity and heat production is the largest key category in the EU accounting for
21.4 % of total greenhouse gas emissions in 2021 and for 84.3 % of greenhouse gas emissions of the
Energy Industries Sector. Between 1990 and 2021, COz emissions from electricity and heat production
decreased by 42.2 % in the EU.

Figure 3.6 shows the trends in emissions originating from the production of public electricity and heat
by fuel in the EU between 1990 and 2021 as well as the underlying activity data?3.

2CO, emissions from the combustion of biomass fuels are reported as a memo item and are therefore not included in the
emissions from public electricity and heat production. The biomass used as a fuel is however included in the national energy
consumption (i.e. activity data). The fact that CO, emissions from biomass are treated differently from other fuel emissions does
not imply emissions from the production of heat and electricity are due to fossil fuel combustion only. Biomass CO, emissions
are just reported elsewhere. Non-CO, emissions from the combustion of biomass (CH, and N,O) are reported under the energy
sector.
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Figure 3.6
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1.A.1.a Public Electricity and Heat Production: Total, CO2 and N20O emission and activity data
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Note: Data displayed as dashed line refers to the secondary axis.

Fuel used for public electricity and heat production decreased by 24 % in the EU between 1990 and
2021. Solid fuels represent 42.4 % of the fuel used in public conventional thermal power plants; its
combustion has been declining by 52.9 % between 1990 and 2021. Gaseous fuels have increased
very rapidly, by a factor of almost 3 between 1990 and 2010, declined until 2014 and now see a new
increased use in the last years. In 2020, natural gas consumptions were higher than solid fuel
consumptions for the 15t time. However, the situation is different in 2021 with a share of 33.2 % of all
the fuels used for the production of heat and electricity in the EU. Liquid fuels still account for some
3.0 %, but its use has declined gradually during the past 30 years. The use of biomass has increased
even more rapidly than the use of gas: its share in the fuel mix is now at 17.1 %. Finally, other fossil
fuels consumptions have been multiplied by almost 4 between 1990 and 2021 and represent 4.0 % of
total consumptions. Peat remains marginal with a share of 0.4 % in 2021.

Table 3.3 shows emissions arising from the production of public heat and electricity by country.
Carbon dioxide emissions amount to 98.9 % of greenhouse gas emissions from public electricity and
heat production. These emissions increased in two Countries and fell in 25 compared to 1990. Of the
two countries where emissions were higher in 2021 than in 1990, 88 % of the increase was accounted
for by Cyprus alone. Of the countries, where emissions fell, 50 % of the total reduction was accounted
for by Germany (25.4 %), Poland (14.7 %) and Romania (9.9 %) followed by Italy and Spain. The
change in the EU between 1990 and 2021 was a net decrease of 518.2 Mt CO: respectively of

42.2 %.
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Table 3.3 1.A.1.a Public Electricity and Heat Production: Countries’ contributions to CO2 emissions
CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method VEBIOL
Emissions Informa-
1990 2020 2021 in 2021 | ktco2 % kt CO2 % o

Austria 11 056 5 665 5 635 0.8% -5 421 -49% -29 -1% T1,T2 CS,D
Belgium 23224| 13851 12808 1.8%| -10416 -45% -1043 -8% T1,73 D,PS
Bulgaria 35179 16981 21232 3.0%| -13947 -40% 4251 25% T1,T2 CS,D
Croatia 3729 2622 2736 0.4% -993 -27% 114 4% T1,T2 CS,D
Cyprus 1676 3004 3078 0.4% 1402 84% 74 2% [ [
Czechia 54585| 36733] 39090 5.5%| -15 495 -28% 2 357 6% T1,T2 CS,D
Denmark 24 717 5 369 6 277 0.9%| -18 440 -75% 908 17%| T1,T2,T3| CS,D,PS
Estonia 28 191 4154 5402 0.8%| -22788 -81% 1248 30%| T1,T2,T3| CS,D,PS
Finland 16453| 11013 11622 1.6% -4 831 -29% 609 6% T3| CS,D,PS
France 49147 30119] 32032 45%| -17115 -35% 1913 6% T2,T3 CS,PS
Germany 338451| 179508| 207 345 29.3%| -131 106 -39%| 27837 16% [ [
Greece 40617| 19946 20118 2.8%| -20499 -50% 171 1% T1,T2 D,PS
Hungary 17850/ 10356 9642 1.4% -8 207 -46% -714 -7%| T1,72,T3| CS,D,PS
Ireland 10 876 8121 9 689 1.4% -1188 -11% 1568 19% T1,T3| CS,D,PS
Italy 108670| 59921 64806 9.1%| -43864 -40% 4 885 8% T3 [
Latvia 6 097 1280 1339 0.2% -4 758 -78% 59 5% T1,T2 CS,D
Lithuania 12 003 1296 1 454 0.2%| -10549 -88% 158 12%| T1,T2,T3| CS,D,PS
Luxembourg 32 207 214 0.0% 182 560% 7 4% T2 CS
Malta 1759 810 772 0.1% -987 -56% -38 -5% T2 cS
Netherlands 40026| 35209| 35045 4.9% -4 981 -12% -165 0% CS, T2 CS,D
Poland 227279 131217| 151555 21.4%| -75725 -33%| 20338 15% T1,T2 CS,D
Portugal 14 355 8157 6332 0.9% -8 023 -56% -1825 -22% T1,T3 D,PS
Romania 67009] 15207| 15652 2.2%| -51357 -T7% 445 3%| T1,T2,T3] CS,D,PS
Slovakia 14 700 3923 4342 0.6%| -10358 -70% 419 11% T2 [
Slovenia 6 096 4492 4176 0.6% -1 920 -31% -316 7% T1,T2| CS,D,PS
Spain 65593| 30370| 30849 4.4%| -34744 -53% 479 2% T1,T25,D,0TH,PS
Sweden 7 668 5091 5 620 0.8% -2048 27% 529 10% T2 [
EU-27 1227038 644621 708861 100%| -518 177 -42%| 64240 10% - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.

N20 emissions currently represent 0.6 % of greenhouse gas emissions from public electricity and heat
production. Between 1990 and 2021, emissions decreased by 12 % (Table 3.4). The largest decline in
emissions from this source category was reported by Germany (-550 kt CO2eq). The biggest increase

occurred in Spain (+136 kt CO2eq).
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Table 3.4 1.A.1.a Public Electricity and Heat Production: Countries’ contributions to N2O emissions
N20 Emissions in kt CO2 equiv. | "2 €M EYl change 1090-2021 | Change 2020-2021 Emission
Member State .27. Method Ll
1990 2020 2001 | EMISSions |kt CO2 % kt CO2 % Informa-
in 2021 equiv. equiv. tion

Austria 35 82 84 1.8% 48 138% 2 2% T1 D
Belgium 45 76 64 1.4% 18 41% -12 -16% T1,73 D
Bulgaria 109 79 106 2.3% -3 -3% 27 34% T1 D
Croatia 12 22 24 0.5% 13 111% 2 10% T1 D
Cyprus 3 6 6 0.1% 3 84% 0 2% T1 D
Czechia 215 166 180 3.9% -35 -16% 13 8% T1 D
Denmark 70 61 70 1.5% 0 0% 9 16%| T1,72,73 CS,D
Estonia 13 21 27 0.6% 14 115% 6 27% T1,T2 CS,D
Finland 89 188 217 4.7% 128 143% 29 15% T3 cs
France 373 211 212 4.6% -161 -43% 1 1% T2,T3 D,PS
Germany 2141 1410 1591 34.2% -550 -26% 181 13% T2 [
Greece 126 38 36 0.8% -90 -71% -2 -5% T1 D
Hungary 56 46 45 1.0% -11 -20% -1 -2% T1 D
Ireland 63 110 95 2.0% 32 51% -15 -13% T1,T2 D
Italy 273 174 174 3.7% -100 -37% 0 0% T3 CR,D
Latvia 10 21 24 0.5% 15 154% 3 16% T1 D
Lithuania 17 33 42 0.9% 25 152% 8 25% T1 D
Luxembourg 1 5 4 0.1% 3 231% 0 -6% T1 D
Malta 5 1 0 0.0% -5 -91% 0 -14% T1 D
Netherlands 118 206 242 5.2% 124 105% 35 17% D,T1 D
Poland 891 573 652 14.0% -239 -27% 79 14% T1 D
Portugal 41 109 98 2.1% 58 142% -11 -10% T1 D
Romania 160 54 59 1.3% -101 -63% 5 8% T1 D
Slovakia 52 24 26 0.5% -27 -51% 2 8% T1 D
Slovenia 22 19 18 0.4% -4 -18% -1 -5% T1 D
Spain 244 364 380 8.2% 136 56% 16 4% T2 D,0OTH
Sweden 98 157 180 3.9% 82 83% 23 15% T2 [
EU-27 5 283 4 255 4655 100% -628 -12% 400 9% - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.
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Finally, CH4 emissions currently represent 0.5 % of greenhouse gas emissions from public electricity
and heat production. Between 1990 and 2021, emissions increased by 481 %. The biggest increase
was reported by Germany (2386 kt CO2eq), which is also responsible for 74.4 % of the EU emissions

in 2021.
Table 3.5 1.A.1.a Public Electricity and Heat Production: Countries’ contributions to CH4 emissions
CH4 Emissions in kt CO2 equiv. |>"2 €N BVl change 1090-2021 | Change 2020-2021 SilEL
27 factor
Member State Emissions | Kt CO2 KCOD Method Informa-
1990 2020 2021 in 2021 equiv, % equiv. % tion

Austria 7 24 25 0.7% 18 275% 1 3% T1T2 CS,D
Belgium 13 37 33 0.9% 20 159% -4 -12% T1,T3 D
Bulgaria 14 20 31 0.9% 17 125% 11 54% T1 D
Croatia 4 11 13 0.4% 9 229% 1 11% T1 D
Cyprus 2 3 3 0.1% 2 81% 0 2% T1 D
Czechia 17 37 40 1.2% 23 130% 3 9% T1 D
Denmark 16 101 130 3.7% 113 691% 29 28%| T1,T2,T3 CS,D
Estonia 3 13 17 0.5% 14 491% 4 31% T1T2 CS,D
Finland 10 32 36 1.0% 26 264% 5 14% T3 cs
France 15 46 52 1.5% 37 242% 6 13% T2 D
Germany 193 2 590 2579 74.4% 2 386 1238% -11 0% T2 CS
Greece 14 9 10 0.3% -4 -30% 0 4% T1 D
Hungary 8 26 27 0.8% 19 232% 1 5% T1 D
Ireland 7 12 11 0.3% 4 58% 0 -3% T1T2 D
Italy 106 113 113 3.3% 7 6% 0 0% T3 CR,D
Latvia 5 17 19 0.6% 14 273% 3 16% T1 D
Lithuania 10 26 33 1.0% 23 231% 7 25% T1 D
Luxembourg 1 4 3 0.1% 2 233% 0 -6% T1 D
Malta 1 0 0 0.0% -1 -68% 0 -6% T1 D
Netherlands 44 132 123 3.6% 79 181% -9 7% T1,T2 CS,D
Poland 22 25 26 0.8% 4 18% 2 6% T1T2 CS,D
Portugal 5 14 14 0.4% 9 199% 0 -1% T1 D
Romania 40 11 12 0.4% -28 -70% 1 13% Tl D
Slovakia 7 14 15 0.4% 9 136% 2 11% T1 D
Slovenia 2 4 4 0.1% 2 86% 0 3% T1 D
Spain 19 32 42 1.2% 23 119% 10 31% 72| CR,CS,D
Sweden 12 44 54 1.6% 43 368% 10 22% T2 [
EU-27 597 3398 3467 100% 2870 481% 69 2% - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.
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1.A.1.a Electricity and Heat Production - Liquid Fuels (CO)

CO:2 emissions arising from the combustion of liquid fuels for public electricity and heat generation
account for about 3.3 % of all greenhouse gas emissions from 1.A.1.a. Within the EU, emissions fell
by 85 % respectively by 131.7 Mt CO2 between 1990 and 2021 (Table 3.6).

Table 3.6 1.A.1.a Public Electricity and Heat Production, Liquid Fuels: Countries’ contributions to CO2

emissions
CO2 Emissions in kt Share in Change 1990-2021 Change 2020-2021 Emission
Member State EmEil:;iZZns Method i:?cit;;_
1990 2020 2021 in 2021 kt CO2 % kt CO2 % tion
Austria 1229 65 120 1% -1 109 -90% 55 85% T2 Cs
Belgium 663 14 24 0% -638 -96% 10 76% T1, T3 D, PS
Bulgaria 3245 38 68 0% -3177 -98% 30 78% T1 D
Croatia 2142 13 1 0% -2 141 -100% -12 -90% T1 D
Cyprus 1676 3004 3078 13% 1402 84% 74 2% Cs Cs
Czechia 1174 87 109 0% -1 064 -91% 22 26% T1 Cs,D
Denmark 953 115 154 1% -799 -84% 39 34%( T1,T2,T3| CS,D,PS
Estonia 3519 108 62 0% -3 456 -98% -45 -42%( T1, T2, T3| CS, D, PS
Finland 1234 528 697 3% -536 -43% 169 32% T3| CS, D, PS
France 8 209 3622 3827 16% -4 383 -53% 205 6% T2, T3 CS, PS
Germany 8 637 973 1202 5% -7 435 -86% 230 24% Cs Cs
Greece 5416 3083 3151 13% -2 265 -42% 68 2% T2 PS
Hungary 1443 32 47 0% -1 395 -97% 15 47% T1 D
Ireland 1087 343 1180 5% 94 9% 837 244% T1, T3] CS, D, PS
Italy 64 597 805 1517 6% -63 081 -98% 712 88% T3 Cs
Latvia 3079 4 7 0% -3072 -100% 3 7% T2 Cs
Lithuania 6 021 73 84 0% -5 937 -99% 11 15% T2, T3 Cs, PS
Luxembourg NO 1 0 0% 0 0 0 -55% T2 Cs
Malta 1049 74 33 0% -1 016 -97% -41 -55% T2 Cs
Netherlands 233 284 321 1% 88 38% 37 13% T2 Cs
Poland 5198 1276 1455 6% -3743 -72% 178 14% T1, T2 Cs,D
Portugal 6 434 641 638 3% -5 796 -90% -3 0% T1, T3 D, PS
Romania 20 430 317 326 1% -20 104 -98% 9 3%| T1,T2, T3| CS,D,PS
Slovakia 1033 6 6 0% -1 028 -99% 0 -3% T2 Cs
Slovenia 272 13 56 0% -216 -79% 43 327% T1 D
Spain 6 087 5384 5207 22% -880 -14% -177 -3% T2, Tl CS,PS,D
Sweden 1277 C 416 2% -861 -67% 416 0 T2 Cs
EU-27 155 058 20 903 23371 100%) -131 687 -85%) 2 469 12%) - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.
EU trends in this table do not include Sweden for confidentiality reasons and to preserve time series consistency for the

EU. This also explains the differences between the numbers in this table and the CRF.

Table 3.6 also shows that about 95.3 % of EU emissions are calculated using higher tier methods.
Emissions from Sweden being reported as confidential in 2020, Sweden is not considered in the
following analyse. Many countries are using country specific information from the EU ETS and apply
default emission factors for emissions that are not covered by the EU ETS. Similarly, countries may
use country specific emission factors for the most common fuels and use default emission factors for
fuels of minor importance. Therefore, countries might use apparently contradicting information such as
"T1, T2" for Methods used and "CS, D" for Emission Factors applied. In such cases we assumed, that
90 % of emissions are calculated using a higher tier method and 10 % of emissions are calculated
using the tier 1 method. When countries have reported country specific methods and emission factors
it has been assumed, that a higher tier method has been used.

Figure 3.7 shows the contribution to the emission trend for liquid fuels by the main countries. In 2021
Spain, France, Greece and Cyprus are responsible for about 64.1% of emissions in this category. The
strongest decrease in emissions took place in Italy because less oil is used as a fuel in the power
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sector. In 1990 Italy was responsible for 41.7 % of the emissions in this category and now in 2021 only
for 6.5 %.

Figure 3.7 1.A.1.a Public Electricity and Heat Production, Liquid Fuels: Emission trend and share for CO2

1.A.1.a Liquid Fuels - Public Electricity and Heat Production: CO2
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Figure 3.8 shows the implied emission factors for CO2 emissions from liquid fuels used in public
electricity and heat production. The IEFs in most countries range between 76 and 79 t/TJ on the entire
time-series. The average IEF within the EU is 77.2 t/TJ in 2021. The IEF from Netherlands is one of
the lowest among the countries in the year 2021. The low IEF is caused by the high share of waste
gas use in the liquid fuel mix, which has a comparatively low IEF (53.0 t/TJ). The same explanation
can be given for Czechia which consumes a high share of Refinery gas with an EF of about 55 t
CO2/TI).

Figure 3.8 1.A.1.a Public Electricity and Heat Production, Liquid Fuels: Implied Emission Factors for CO2
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1.A.1.a Electricity and Heat Production - Solid Fuels (CO)

CO:2 emissions from the combustion of solid fuels represented about 63.1 % of all greenhouse gas
emissions from public electricity and heat production. Within the EU, emissions fell by 52 % between
1990 and 2021 (Table 3.7). A reason for the recent decline is that coal is being phased out of the fuel
mix especially in Germany as well as in Poland and Spain. Over the past 31 years Germany and
Poland account for 46.3 % of the decline in the EU. However, emissions from solid fuels increased by
17 % between 2020 and 2021, Germany and Poland accounting for 73.4 % of this increase.

Table 3.7 1.A.1.a Public Electricity and Heat Production, Solid Fuels: Countries’ contributions to CO2
emissions
CO2 Emissions in kt Share in Change 1990-2021 Change 2020-2021 Emission
Member State EmEiLsJ;izgns Method inf:)crt;;_
1990 2020 2021 in 2021 kt CO2 % kt CO2 % tion

Austria 6 247 356 NO - 6 247 -100% -356 -100% NA NA
Belgium 19 148 3779 4323 1% -14 825 7% 544 14% T3 PS
Bulgaria 25 638 15 022 18 812 4% -6 826 27% 3790 25% T1,72 Cs,D
Croatia 595 987 1195 0% 600 101% 208 21% T2 cs
Cyprus NO NO NO - - - - - NA NA
Czechia 52 368 32 956 35421 8% -16 947 -32% 2 465 7% T2 cs,D
Denmark 22 225 2718 3687 1% -18 538 -83% 969 36%| T1,72,T3| CS,D,PS
Estonia 22017 3613 4881 1% -17 137 78% 1268 35%| T1,7273] CS,D,PS
Finland 9281 4092 4958 1% 4323 -47% 867 21%|  T3,73, T3] CS,D,PS
France 37 410 6273 9 260 2% 28 150 -75% 2986 48% T2,73 CS,PS
Germany 307246 129709| 157 714 35%| -149 532 -49% 28 006 22% cs cs
Greece 35 201 9099 8299 2% 26 902 -76% -801 9% T2 PS
Hungary 12 266 5127 4029 1% 8237 67% -1 098 21% T2,73 CS,PS
Ireland 4845 755 2618 1% 2227 -46% 1863 247% T1,73| CS,D,PS
Italy 27 756 12 581 13020 3% -14 736 53% 439 3% T3 cs
Latvia 211 3 7 0% -204 97% 4 106% T2 cs
Lithuania 174 5 6 0% -168 97% 0 9% T2,73 CS,PS
Luxembourg NO NO NO - - - - - NA NA
Malta 710 NO NO - 710 -100% - - NA NA
Netherlands 25 862 11 159 16 718 4% 9144 -35% 5559 50% T2 cs
Poland 220132 121681 141996 31% 78135 -35% 20 316 17% T1,T2 Cs,D
Portugal 7921 2079 691 0% -7 230 91% -1388 -67% T1,T3 D,PS
Romania 25 734 9 450 9794 2% -15 940 -62% 345 4% 72,73 CS,PS
Slovakia 11 542 1761 1747 0% 9795 -85% -14 1% T2 cs
Slowvenia 5712 4158 3790 1% 1922 -34% -368 9% T2 PS
Spain 58 931 6 997 7 246 2% 51 685 -88% 249 4% T2 PS
Sweden 4231 1925 1922 0% -2 309 -55% -3 0% T2 cs
EU-27 943402 386286| 452 135 100%|  -491 268 -52%) 65 849 17% - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.

Table 3.7 also shows that about 96.2 % of EU emissions are calculated using higher tier methods.
Many countries are using country specific information from the EU ETS and apply default emission

factors for emissions that are not covered by the EU ETS. Similarly, countries may use country

specific emission factors for the most common fuels (for example hard coal and lignite) and use
default emission factors for fuels of minor importance (for example brown coal briquettes). Therefore,
countries might use apparently contradicting information such as "T1, T2" for Methods used and "CS,
D" for Emission Factors applied. In such cases we assumed, that 90 % of emissions are calculated
using a higher tier method and 10 % of emissions are calculated using the tier 1 method. When
countries have reported country specific methods and emission factors it has been assumed, that a

higher tier method has been used.
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Figure 3.9 shows the trend of emissions for solid fuels for main contributing countries. In 2021
Germany has the largest share of emissions from solid fuels in the EU (34.9 %), followed by Poland
(31.4 %) and then by a clear margin Czechia (7.8 %) and Bulgaria (4.2 %).

Figure 3.9 1.A.1.a Public Electricity and Heat Production, Solid Fuels: Emission trend and share for CO2

1.A.1.a Solid Fuels - Public Electricity and Heat Production: CO2
Trend in the EU-27
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Figure 3.10 (on the next page) shows the relevant implied emission factors for solid fuels. The EU
implied emission factor has remained fairly stable between 100 t/TJ and 102 t/TJ on the entire time-
series with a slight increase in the last years (around 104 t/TJ in 2021). The comparatively high IEF of
Greece is due to the large importance of domestic lignite use for electricity production. The Greek IEF
is based on verified EU-ETS reports, ranging from 33.74 to 35.37 tC/TJ. These values lie out of the
range suggested by the 2006 IPCC Guidelines. However, given that the net calorific value of the
Greek lignite is one of the lowest, a high value for the carbon content is expected. This is the same
observation for Hungary which consumes domestic lignite with very low NCV as well as blast furnace
gas. In Belgium, Sweden and France, the emission factors increased sharply since the late 1990s due
to the use of blast furnace gas which has a much higher carbon content. A significant increase of the
Belgian IEF since 2015 can be observed. The reason for this strong increase lies in the large decrease
of the consumption of coals and at the same time an increase in energy consumption of blast furnace
gas.
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Figure 3.10 1.A.l1.a Public Electricity and Heat Production, Solid Fuels: Implied Emission Factors for CO2
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1.A.1.a Electricity and Heat Production - Gaseous Fuels (COy)

CO:2 emissions from the combustion of gaseous fuels accounted for 26.9 % of all greenhouse gas
emissions from public electricity and heat generation in 2021. Emissions increased by 80 % in the EU
between 1990 and 2021 (Table 3.8). Italy was responsible for about 53 % of the increase in the last 30

years.
Table 3.8 1.A.1.a Electricity and heat production, Gaseous Fuels: Countries’ contributions to CO2 emissions
CO2 Emissions in kt Share in Change 1990-2021 Change 2020-2021 Emission
Member State EmEiLsJ;iZZns Method i;faocrtr(;;_
1990 2020 2021 in 2021 kt CO2 % kt CO2 % tion
Austria 3294 4227 4 467 2% 1173 36% 240 6% T2 Cs
Belgium 2739 8019 6 327 3% 3588 131% -1692 -21% T1,T3 D,PS
Bulgaria 6 295 1921 2352 1% -3944 -63% 431 22% T2 Cs
Croatia 991 1622 1540 1% 549 55% -82 -5% T2,T1 Cs,D
Cyprus NO NO NO - - - - - NA NA
Czechia 1019 3425 3298 2% 2279 224% -127 -4% T2 CSs
Denmark 1 000 888 887 0% -113 -11% 0 0% T1,T2,T3 CS,D,PS
Estonia 1812 238 314 0% -1 498 -83% 76 32% T1,T2,T3 CSs,D,PS
Finland 1989 2100 2 059 1% 71 4% -41 -2% T3 Cs
France 970 12 866 12 255 6% 11285 1163% -612 -5% T2,T3 CS,PS
Germany 18 447 35 292 34719 18% 16 271 88% -574 -2% Cs Cs
Greece IE,NO 7764 8 668 4% 8 668 0 904 12% T2 PS
Hungary 4111 5 000 5 346 3% 1235 30% 345 7% T2 Cs
Ireland 1881 5415 4972 3% 3092 164% -442 -8% T1,T3 CS,D,PS
Italy 16 173 46 357 50 124 26% 33951 210% 3767 8% T3 Cs
Latvia 2658 1273 1325 1% -1 333 -50% 52 4% T2 CS
Lithuania 5797 909 897 0% -4 900 -85% -12 -1% T2 Cs
Luxembourg NO 106 114 0% 114 i 8 8% T2 CsS
Malta NO 736 739 0% 739 0 2 0% T2 Cs
Netherlands 13 329 21 057 15 334 8% 2 005 15% -5722 -27% T2 CS
Poland 1197 7282 7 150 4% 5953 497% -132 -2% T2 Cs
Portugal NO 4 969 4593 2% 4593 i -376 -8% T1,T3 D,PS
Romania 20 845 5440 5532 3% -15 313 -73% 92 2% T3 PS
Slovakia 2089 1992 2 409 1% 320 15% 417 21% T2 CS
Slovenia 113 301 311 0% 198 175% 10 3% T2 Cs
Spain 447 16 441 16 759 9% 16 311 3645% 318 2% T2,T1 CS,PS
Sweden 486 C 192 0% -293 -60% 192 0 T2 Cs
EU-27 107 197 195 640 192 490 100% 85 292 80%) -3 150 -2% - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.

EU trends in this table do not include Sweden for confidentiality reasons and to preserve time series consistency for the

EU. This also explains the differences between the numbers in this table and the CRF.

Table 3.8 also shows that about 99 % of EU emissions are calculated using higher tier methods.
Emissions being confidential for Sweden in 2020, it is not considered in the analysis. Many countries
are using country specific information from the EU ETS and apply default emission factors for
emissions that are not covered by the EU ETS. Similarly, countries may use country specific emission
factors for the most common fuels (for example hard coal and lignite) and use default emission factors
for fuels of minor importance (for example brown coal briquettes). Therefore, countries might use
apparently contradicting information such as "T1, T2" for Methods used and "CS, D" for Emission
Factors applied. In such cases we assumed, that 90 % of emissions are calculated using a higher tier
method and 10 % of emissions are calculated using the tier 1 method. When countries have reported
country specific methods and emission factors it has been assumed, that a higher tier method has

been used.
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In seven EU countries (including Sweden) the consumption of gaseous fuels was lower in 2021 than in
1990. Cyprus is not utilising gaseous fuels for public electricity and heat production. In the other 19
countries, gas consumption has increased in the last 31 years. From 1990 until 2008 the use of
gaseous fuels shows a steep increasing trend, followed by strong decreasing trend from 2009 until
2014, which was mainly attributed to the increased prices for natural gas. After this steep decrease the
emissions of gaseous fuels increased again by about 40 % in 2021 compared to 2014. Figure 3.11
shows the trend of emissions from gaseous fuels by the main contributing countries which are ltaly
(26.0 %), and Germany (18.0 %). One of the reasons for the recent increase is that coal is in the
process of being phased out of the fuel mix and replaced by gaseous fuels in many countries (2021 is
an exception in the recent years).

Figure 3.11 1.A.l1.a Public Electricity and Heat Production, Gaseous Fuels: Emission trend and share for CO2

1.A.1.a Gaseous Fuels - Public Electricity and Heat Production: CO2
Trend in the EU-27
Share in year t-2 (2021)
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Figure 3.12 (on the next page) shows the implied emission factors from gaseous fuels for CO2. The
EU implied emission factor has remained fairly stable (56.6 t/TJ in 2021) which is very close to the
default emission factor of natural gas (56.1 t/TJ). In the early 1990s, the IEF for Spain was high. It is
explained by the total CO2 emissions allocation amongst fuels which does not impact total CO2
emissions.
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1.A.1.a Public Electricity and Heat Production, Gaseous Fuels: Implied Emission Factors for CO2

Figure 3.12
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1.A.1.a Electricity and Heat Production - Other Fuels (COy)

In 2021, the share of CO2 emissions from other fuels amounts to 5.1 % of total greenhouse gas
emissions from public electricity and heat generation. Other fuels cover mainly the fossil part of
municipal solid waste incineration where there is energy recovery, including plastics, hazardous waste,
bulky waste and waste sludge (Table 3.9). Emissions increased by 248 % at EU level between 1990
and 2021 and increased in all countries except for Latvia. Germany alone is responsible for 36.9 % of
the increase in the whole EU over the last 31 years.

Table 3.9 1.A.1.a Public Electricity and Heat Production, Other Fuels: Countries’ contributions to CO2 emissions
CO2 Emissions in kt Share in Change 1990-2021 Change 2020-2021 Emission
Member State EmEiLsJ;izgns Method i:;it;;_
1990 2020 2021 in 2021 kt CO2 % kt CO2 % tion
Austria 286 1016 1049 3% 762 266% 33 3% T2 CS
Belgium 674 2039 2134 6% 1 460 217% 95 5% T3 PS
Bulgaria NO NO NO - - - - - NA NA
Croatia NO NO NO - - - - - NA NA
Cyprus NO NO NO - - - - - NA NA
Czechia 24 265 261 1% 237 987% -3 -1% T1 D
Denmark 539 1648 1548 4% 1010 187% -99 -6% T1,7T2,T3 CS,D,PS
Estonia NO 128 124 0% 124 o -4 -3% T1,7T2,T3 CS,D,PS
Finland 1 601 661 2% 660 65966% 61 10% T3 CS
France 2 557 7 357 6 691 18% 4134 162% -666 -9% T2,T3 CS,PS
Germany 4121 13 534 13 710 38% 9 589 233% 175 1% Cs Cs
Greece NO NO NO - - - - - NA NA
Hungary 30 197 220 1% 190 633% 23 12% T2 CS
Ireland NO 596 585 2% 585 L -11 -2% T1,T3 CSs,D,PS
Italy 143 178 146 0% 2 2% -32 -18% T3 Cs
Latvia 3 NO NO - -3 -100% - - NA NA
Lithuania NO 295 448 1% 448 L 154 52% T1,T2 CS,D
Luxembourg 32 100 99 0% 67 206% 0 0% T2 Cs
Malta NO NO NO - - - - - NA NA
Netherlands 601 2 709 2671 7% 2070 344% -38 -1% CS,NA CS
Poland 753 978 954 3% 201 27% -24 -2% T1 NA,D
Portugal NO 469 410 1% 410 L -59 -13% T1,T3 D,PS
Romania NO NO NO - - - - - NA NA
Slovakia 36 163 180 0% 144 405% 16 10% T2 NA
Slovenia NO 20 19 0% 19 L -1 -3% T1 D
Spain 128 1 547 1637 4% 1509 1183% 89 6% T2 CS,PS
Sweden 524 2746 2880 8% 2 356 449% 135 5% T2 Cs
EU-27 10 453 36 586 36 428 100%) 25 975 248% -157 0% - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.

Table 3.9 also shows that more than 95.8 % of EU emissions are calculated using higher tier methods.
Many countries are using country specific information from the EU ETS and apply default emission

factors for emissions that are not covered by the EU ETS. Similarly, countries may use country

specific emission factors for the most common fuels (for example hard coal and lignite) and use
default emission factors for fuels of minor importance (for example brown coal briquettes). Therefore,
countries might use apparently contradicting information such as "T1, T2" for Methods used and "CS,
D" for Emission Factors applied. In such cases we assumed, that 90 % of emissions are calculated
using a higher tier method and 10 % of emissions are calculated using the tier 1 method. When
countries have reported country specific methods and emission factors it has been assumed, that a

higher tier method has been used.
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Figure 3.13 illustrates clearly the strong increase of emissions caused by other fuels over the past 31
years. The largest emitters of other fuels in 2021 were Germany (37.6 %) and France (18.4 %).
Together these two countries accounted for 56.0 % of the total EU emissions in this category.

Figure 3.13 1.A.l1.a Public Electricity and Heat Production, Other Fuels: Emission trend and share for CO2

1.A.1.a Other Fuels - Public Electricity and Heat Production: CO2
Trend in the EU-27
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Figure 3.14 (on the next page) shows the implied emission factors from other fuels for CO2. The EU
implied emission factor has gradually fallen until 1998, then levelled out between 85 and 90 t/TJ on the
entire time-series. In Germany, the IEF declined continuously between 1990 and 2021 (from 109 to
85.1 t/TJ). This is because the combustion of industrial waste has been greatly reduced in the early
1990s whereas the combustion of residential waste for electricity and heat has increased in the
complete reporting period; furthermore, the calorific value of the applied waste has increased due to a
better national waste separation management. There is a large diversity in waste composition across
countries leading to the differences in countries’ IEFs.
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Figure 3.14 1.A.l1.a Public Electricity and Heat Production, Other Fuels: Implied Emission Factors for CO2
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1.A.1.a Electricity and Heat Production - Peat (COy)

CO:2 emissions from the combustion of peat represented 0.5 % of all greenhouse gas emissions from
public electricity and heat production. Peat in its raw state is a fossil sedimentary deposit of vegetal
origin with high water content. Only 5 countries report emissions from peat combustion. Latvia did not
consume Peat anymore since 2020. Within the EU, emissions declined by 58 % respectively 5.3 Mt
COz2 between 1990 and 2021 and by 23 % between 2020 and 2021 (Table 3.10).

Table 3.10  1.A.1.a Public Electricity and Heat Production, Peat: Countries’ contributions to CO2 emissions
CO2 Emissions in kt Share in Change 1990-2021 Change 2020-2021 Emission
Member State EmEiLsJ;ichns Method ir:?ocrtr?w;-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % tion

Austria NO NO NO - - - - - NA NA
Belgium NO NO NO - - - - - NA NA
Bulgaria NO NO NO - - - - - NA NA
Croatia NO NO NO - - - - - NA NA
Cyprus NO NO NO - - - - - NA NA
Czechia NO NO NO - - - - - NA NA
Denmark NO NO NO - - - - - NA NA
Estonia 843 68 21 1% -822 -97% -47 -69% T1,7T2,T3 CS,D,PS
Finland 3950 3692 3246 85% -703 -18% -446 -12% T3 CS
France NO NO NO - - - - - NA NA
Germany NO NO NO - - - - - NA NA
Greece NO NO NO - - - - - NA NA
Hungary NO NO NO - - - - - NA NA
Ireland 3065 1012 333 9% -2732 -89% -679 -67% T1,T3 Cs,D,PS
Italy NO NO NO - - - - - NA NA
Latvia 146 0 0 0% -146 -100% 0 0% T2 CS
Lithuania 11 15 19 0% 8 71% 4 27% T2 CS
Luxembourg NO NO NO - - - - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands - - - - - - - - - -
Poland NO NO NO - - - - - NA NA
Portugal NO NO NO - - - - - NA NA
Romania NO NO NO - - - - - NA NA
Slovakia NO NO NO - - - - - NA NA
Slovenia NO NO NO - - - - - NA NA
Spain NO NO NO - - - - - NA NA
Sweden 1150 202 210 5% -940 -82% 8 4% T2 Cs
EU-27 9 164 4988 3829 100%) -5 335 -58% -1 159 -23%j - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.

Note: Peat is not used as a fuel in the Netherlands. Nevertheless, the Netherlands did not report Peat as notation key

Table 3.10 also shows that about 99.1 % of EU emissions are calculated using higher tier methods.
Many countries are using country specific information from the EU ETS and apply default emission

factors for emissions that are not covered by the EU ETS. Similarly, countries may use country

specific emission factors for the most common fuels (for example hard coal and lignite) and use
default emission factors for fuels of minor importance (for example brown coal briquettes). Therefore,
countries might use apparently contradicting information such as "T1, T2" for Methods used and "CS,
D" for Emission Factors applied. In such cases we assumed, that 90 % of emissions are calculated
using a higher tier method and 10 % of emissions are calculated using the tier 1 method. When
countries have reported country specific methods and emission factors it has been assumed, that a

higher tier method has been used.

Figure 3.15 illustrates the trend of peat emissions throughout the last 31 years, which is predominately
influenced by the emission fluctuation over the years by Finland and Ireland. Several parameters such
as weather conditions greatly influence the peat consumption: in Finland, peat represents 4 % of
electricity production and is the third most important energy source in district heat production (with
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15 % of the district heat produced). In 2021, the two largest emitters, Finland and Ireland, are
responsible for 93.5 % of the total emissions in this category.

Figure 3.15 1.A.l1.a Public Electricity and Heat Production, Peat: Emission trend and share for CO2

1.A.1.a Peat - Public Electricity and Heat Production: CO2
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Figure 3.16 shows the implied emission factors of peat for CO2. The EU implied emission factor
amounts to 106.5 t/TJ in 2021 and has been quite stable over the last 31 years. It is mainly influenced
by the IEF of the two largest emitters (Finland and Ireland). The default emission factor for peat is 106
t/TJ according to the 2006 IPCC guidelines. Only Ireland has an IEF continuously above the default
value. The reason for this is the use of the plant specific emission factor (112.9 t/TJ) for three milled
peat power plants in use.

Figure 3.16 1.A.l1.a Public Electricity and Heat Production, Peat: Implied Emission Factors for CO2
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3.2.1.2 Petroleum Refining (1.A.1.b) (EU)

According to the 2006 IPCC guidelines, Petroleum Refining (CRF 1.A.1.b) should include all
combustion activities supporting the refining of petroleum products including on-site combustion for the
generation of electricity and heat for own use. It does not include evaporative emissions occurring at
the refinery. These emissions should be reported separately under 1.B.2.a as well as venting and
flaring under 1.B.2.c.

Total emissions from Petroleum Refining are accounting for 2.8 % of total greenhouse gas emissions
in year 2021. Between 1990 and 2021, EU CO:2 emissions decreased by 13 % (Table 3.11). Emissions
in 2021 were above 1990 levels in 8 countries, whereas they were decreasing in 15 and reported as
not occurring for the whole time series in 4 countries. Poland, Greece and Sweden had the largest
emission increases. In contrast France reports the largest decrease accounting for 49.1 % of the
decrease in emissions in this period. The decrease at European level can be explained by the
reduction of Liquid fuels consumptions (-26.0 % for sector 1.A.1.b Liquid fuels between 1990 and
2021).

Table 3.11  1.A.1.b Petroleum Refining: Countries’ contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o ange 1990-2021 | Change 2020-2021 SISO
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % i
Austria 2 394 2732 2 750 3.0% 355 15% 18 1% T2 CS
Belgium 4 299 4 826 5081 5.5% 782 18% 255 5% CS,T3 PS
Bulgaria 860 803 729 0.8% -131 -15% -74 -9% T1,T2 CS,D
Croatia 2 425 836 745 0.8% -1 679 -69% -90 -11% T1 D
Cyprus 86 NO NO - -86 -100% - - NA NA
Czechia 493 433 479 0.5% -13 -3% 46 11% T1,T2 CS,D
Denmark 908 910 938 1.0% 30 3% 28 3%| T1,T2,T3| CS,D,PS
Estonia NO NO NO - - - - - NA NA
Finland 2042 1560 1171 1.3% -872 -43% -389 -25% T3 CS,PS
France 11 935 5 095 4 893 5.3% -7 043 -59% -203 -4% T2,T3 CS,PS
Germany 24 103 20 102 19 984 21.6% -4119 -17% -118 -1% CS CS
Greece 2 375 4 448 5277 5.7% 2902 122% 828 19% T2 PS
Hungary 2 376 1611 1515 1.6% -860 -36% -95 -6% T2,T3 CS,PS
Ireland 168 301 294 0.3% 126 75% -7 -2% T3 CS,PS
Italy 15 817 17 448 16 548 17.9% 731 5% -900 -5% T3 CS
Latvia NO NO NO - - - - - NA NA
Lithuania 1510 1222 1210 1.3% -300 -20% -12 -1% T2,T3 CS,PS
Luxembourg NO NO NO - - - - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands 11 010 9123 9471 10.2% -1 540 -14% 348 4% T2 CS,D
Poland 2169 4 585 4 403 4.8% 2234 103% -182 -4% T1,T2 CS,D
Portugal 1870 2094 1761 1.9% -109 -6% -333 -16% T2| CR,D,PS
Romania 4 333 2078 1923 2.1% -2 409 -56% -154 -7%| T1,T2,T3|] CS,D,PS
Slovakia 2 873 1504 1522 1.6% -1 351 -47% 18 1% T3 PS
Slovenia 171 NO NO - -171 -100% - - NA NA
Spain 10 858 9 236 9 044 9.8% -1814 -17% -192 -2% T2,T3 PS
Sweden 1778 1895 2 766 3.0% 989 56% 872 46% T2 CS
EU-27 106 853 92 841 92 505 100% -14 348 -13% -336 0% - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.
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Figure 3.17 shows the trends in activity data and the associated emissions originating from the refining
of petroleum by fuel in the EU between the years 1990 and 2021. Fuel used for petroleum refining
decreased by 7.2 % in the EU between 1990 and 2021. In the year 2021, liquid fuels represent 72.8 %
of all fuel used in the refining of petroleum. Gaseous fuels almost fully account for the remaining part
(24.4 %) of the activity data. Gaseous fuels use is almost four times higher in 2021 compared to 1990.
There remains a small amount of solid fuels used accounting for 0.11 % in petroleum refining; in
Germany (lignite and coke oven gas) and Poland (hard coal and lignite) as well as 0.17 % of biomass
and 2.45 % of other fuels use.

Figure 3.17 1.A.1.b Petroleum Refining: Total and CO2 emission and activity trends
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1.A.1.b Petroleum Refining - Liquid Fuels (COy)

CO:2 emissions from the combustion of liquid fuels used for petroleum refining accounted for 77.4 % of
all greenhouse gas emissions from petroleum refining in 2021. Emissions decreased by 27 % between
1990 and 2021 (Table 3.12). Greece had the largest emission increase accounting for 55.1 % of the
whole increase between 1990 and 2021. In contrast France reports the largest decrease accounting

for 30.6 % of the whole decrease in emissions in this period.

Table 3.12  1.A.1.b Petroleum Refining, Liquid Fuels: Countries’ contributions to CO2 emissions and information
on method applied and emission factor

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 SultEllely
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % -
Austria 1958 2 235 2217 3.2% 259 13% -18 -1% T2 CS
Belgium 4 285 2325 3 267 4.7% -1 018 -24% 942 41% CS,T3 PS
Bulgaria 791 701 617 0.9% -174 -22% -84 -12% T1 D
Croatia 2411 424 396 0.6% -2 015 -84% -28 -7% T1 D
Cyprus 86 NO NO - -86 -100% - - NA NA
Czechia 176 246 294 0.4% 118 67% 48 20% T1 CS,D
Denmark 908 881 902 1.3% -6 -1% 21 2%| T1,T2,T3| CS,D,PS
Estonia NO NO NO - - - - - NA NA
Finland 1383 1302 983 1.4% -400 -29% -318 -24% T3 CS,PS
France 11 413 3 805 3 459 5.0% -7 954 -70% -345 -9% T2,T3 CS,PS
Germany 19 354 16 146 17 381 25.1% -1973 -10% 1235 8% CS CS
Greece 2 375 4 448 5277 7.6% 2902 122% 828 19% T2 PS
Hungary 1683 956 878 1.3% -805 -48% -78 -8% T3 PS
Ireland 168 287 280 0.4% 112 66% -7 -2% T3 CS,PS
Italy 15 656 13 610 13 028 18.8% -2 628 -17% -582 -4% T3 CS
Latvia NO NO NO - - - - - NA NA
Lithuania 1510 1064 1123 1.6% -387 -26% 59 6% T2,T3 CS,PS
Luxembourg NO NO NO - - - - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands 9 968 6 267 6 946 10.0% -3 022 -30% 679 11% T2 CS,D
Poland 1326 2 255 2 472 3.6% 1146 86% 217 10% T1,72 CS,D
Portugal 1870 997 925 1.3% -946 -51% -73 -7% T2| CR,D,PS
Romania 4333 1772 1613 2.3% -2 720 -63% -160 -9% T2,T3 CS,PS
Slovakia 2 786 1284 1301 1.9% -1 485 -53% 17 1% T3 PS
Slovenia 43 NO NO - -43 -100% - - NA NA
Spain 10 812 6 382 5982 8.6% -4 830 -45% -400 -6% T2,T3 PS
Sweden 1778 C 2504 3.6% 726 41% 2 504 o T2 CS
EU-27 95 294 67 384 69 340 100%| -25954 -27% 1956 3% - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.

EU trends in this table do not include Sweden for confidentiality reasons and to preserve time series consistency for the

EU. This also explains the differences between the numbers in this table and the CRF.

Table 3.12 also shows that 97.7 % of EU emissions are calculated using higher tier methods. Many
countries are using country specific information from the EU ETS and apply default emission factors
for emissions that are not covered by the EU ETS. Similarly, countries may use country specific
emission factors for the most common fuels (for example hard coal and lignite) and use default
emission factors for fuels of minor importance (for example brown coal briquettes). Therefore,
countries might use apparently contradicting information such as "T1, T2" for Methods used and "CS,
D" for Emission Factors applied. In such cases we assumed, that 90 % of emissions are calculated
using a higher tier method and 10 % of emissions are calculated using the tier 1 method. When
countries have reported country specific methods and emission factors it has been assumed, that a
higher tier method has been used.

Figure 3.18 illustrates that Germany and Italy are the countries contributing most in terms of CO:
emissions in 2021. It also can be seen that the trend for liquid fuels was continuously decreasing since
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the year 2008 with a stabilization between 2014 and 2016. An increase can be observed between
2020 and 2021 following the COVID crisis.

Figure 3.18 1.A.1.b Petroleum Refining, Liquid Fuels: Emission trend and share for CO2

1.A.1.b Liquid Fuels - Petroleum Refining: CO2
Trend in the EU-27
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Figure 3.19 (on the next page) shows the emission factors for CO2 emissions from liquid fuels. The EU
implied emission factor shows variations around 68 t/TJ over the time series and amounts 66.8 t/TJ in
2021. In general, the fluctuating IEF is due to the annual variations of fuel consumption with different
carbon content. The IEF declining trend observed since 2002 is due to the higher share of refinery gas
in the energy mix. However, an increase in the IEF is observed since 2019.

For example, in Italy the main fuels used are refinery gases, fuel oil and petroleum coke, which have
very different emission factors, and every year the amount used changes resulting in an annual
variation of the IEF.

Figure 3.19 1.A.1.b Petroleum Refining, Liquid Fuels: Implied Emission Factors for CO2
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1.A.1.b Petroleum Refining - Solid Fuels (CO,)

CO:2 emissions from the combustion of solid fuels in petroleum refining represented less than 0.1 % of
all greenhouse gas emissions from 1.A.1.b in 2021. There are only three countries reporting emissions
in the EU in 2021 (Poland, Germany and Romania). Thereof only Poland reports increasing emissions
between 1990 and 2021. Emissions from Romania also increased but remain very low. Poland is
responsible for 58.1 % of emissions in 2021 in the EU. Over the whole times series emissions fell by
97 % on average (Table 3.13).

Table 3.13  1.A.1.b Petroleum Refining, Solid Fuels: Countries’ contributions to CO2 emissions and information
on method applied and emission factor

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Sl
Member State .27. Method LS
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % o
Austria NO NO NO - - - - - NA NA
Belgium NO 0.02 NO - - - 0 -100% NA NA
Bulgaria NO NO NO - - - - - NA NA
Croatia NO NO NO - - - - - NA NA
Cyprus NO NO NO - - - - - NA NA
Czechia NO NO NO - - - - - NA NA
Denmark NO NO NO - - - - - NA NA
Estonia NO NO NO - - - - - NA NA
Finland 12 NO NO - -12 -100% - - NA NA
France 486 NO NO - -486 -100% - - NA NA
Germany 3131 37 37 38.1% -3 093 -99% 0 -1% CS CS
Greece NO NO NO - - - - - NA NA
Hungary NO NO NO - - - - - NA NA
Ireland NO NO NO - - - - - NA NA
Italy NO NO NO - - - - - NA NA
Latvia NO NO NO - - - - - NA NA
Lithuania NO NO NO - - - - - NA NA
Luxembourg NO NO NO - - - - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands NO NO NO - - - - - NA NA
Poland 4 51 57 58.1% 52 1231% 6 12% T1,T2 CS,D
Portugal NO NO NO - - - - NA NA
Romania NO 6 4 3.8% 4 0 -2 -38% T3 PS
Slovakia NO NO NO - - - - - NA NA
Slovenia NO NO NO - - - - - NA NA
Spain NO NO NO - - - - - NA NA
Sweden NO NO NO - - - - - NA NA
EU-27 3633 94 98 100% -3 535 -97% 3 4% -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.

Table 3.13 also shows that 94.2 % of EU emissions are calculated using higher tier methods. Many
countries are using country specific information from the EU ETS and apply default emission factors
for emissions that are not covered by the EU ETS. Similarly, countries may use country specific
emission factors for the most common fuels (for example hard coal and lignite) and use default
emission factors for fuels of minor importance (for example brown coal briquettes). Therefore,
countries might use apparently contradicting information such as "T1, T2" for Methods used and "CS,
D" for Emission Factors applied. In such cases we assumed, that 90 % of emissions are calculated
using a higher tier method and 10 % of emissions are calculated using the tier 1 method. When
countries have reported country specific methods and emission factors it has been assumed, that a
higher tier method has been used.

Figure 3.20 illustrates the trend of emissions in 1.A.1.b for solid fuels for the past 31 years. The use of
solid fuels in petroleum refining has declined drastically since 1990. Emissions are down by 97 %.
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Germany is responsible for the strong declining trend in the 1990s and due to the recent overall trend,
Poland is now responsible for 58.1 % of the total emissions in the EU for this category in 2021.

Figure 3.20 1.A.1.b Petroleum Refining, Solid Fuels: Emission trend and share for CO2

1.A.1.b Solid Fuels - Petroleum Refining: CO2
Trend in the EU-27
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Figure 3.21 (on the next page) shows the relevant implied emission factors. The EU implied emission
factor showed strong fluctuations and amounts 62.8 t/TJ in 2021. One explanation for this is the low
number of countries reporting this category. Apart from that, the variation in the EU factor can be partly
explained by the declining use of solid fuels in petroleum refining in Germany between 1990 and 1999.
This explains the gradual increase of the EU IEF up to 1999 through the growing weight of the much
higher implied emission factor of France. The high emission factor in France was due to the use of
blast furnace gas. In Germany, there was a decline in the IEF in the early 1990s compared to a rather
stable IEF since the mid-1990s. The reason is that the use of - mainly - lignite has constantly been
reduced in favour of coke oven gas. The increased EU solid fuel combustion in 2000-2005 and 2007-
2009 is due to an increase in fuel combustion in Germany in these years. The higher weight of the
German |IEF also explains the lower IEF at EU level during these years. For 2006 Germany reports
only negligible amounts of solid fuel use in petroleum refining. Therefore, the EU IEF was almost
entirely dominated by the high French IEF in this year. The drop in the implied emission factor since
2014 can be explained by the increased weight of Poland with their lower IEF (compared to France).
Since there is no more solid fuel consumption in France since 2017, the average IEF is driven by
Poland and Germany which have similar COz EF.
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Figure 3.21 1.A.1.b Petroleum Refining, Solid Fuels: Implied Emission Factors for CO2
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1.A.1.b Petroleum Refining - Gaseous Fuels (COy)

In 2021, CO2 emissions from the combustion of gaseous fuels used for petroleum refining accounted
for about 22.1 % of total greenhouse gas emissions from 1.A.1.b. Emissions in the EU increased by
288 % between 1990 and 2021 (Table 3.14). Only four countries reduced their emissions: Czechia,
Finland, Hungary and Slovenia over the whole time series. Belgium, Germany, Italy, Poland, Spain
and Netherlands together account for 83.4 % of the total increase between 1990 and 2021.

Table 3.14  1.A.1.b Petroleum Refining, Gaseous Fuels: Countries’ contributions to CO2 emissions and
information on method applied and emission factor

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 SultEllely
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % -
Austria 437 497 533 2.6% 96 22% 35 7% T2 CS
Belgium 14 2283 1810 8.9% 1796 12927% -473 -21% CS,T3 PS
Bulgaria 69 102 112 0.6% 43 62% 10 10% T2 CS
Croatia 14 412 350 1.7% 336 2407% -62 -15% T1 D
Cyprus NO NO NO - - - - - NA NA
Czechia 317 187 185 0.9% -132 -42% -2 -1% T2 CS
Denmark NO 29 36 0.2% 36 0 7 25% T2 CS
Estonia NO NO NO - - - - - NA NA
Finland 648 258 188 0.9% -460 -71% -71 -27% T3 CS
France 36 1291 1433 7.1% 1397 3860% 143 11% T2,T3 CS,PS
Germany 1444 3918 2 566 12.7% 1121 78% -1 353 -35% CS CS
Greece NO IE IE - - - - - NA NA
Hungary 693 641 620 3.1% -72 -10% -20 -3% T3 PS
Ireland NO 14 14 0.1% 14 0 0 0% T3 CS,PS
Italy 161 3838 3520 17.4% 3 359 2090% -318 -8% T3 CS
Latvia NO NO NO - - - - - NA NA
Lithuania NO 159 87 0.4% 87 0 -72 -45% T2 CS
Luxembourg NO NO NO - - - - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands 1042 2 856 2 524 12.5% 1482 142% -332 -12% T2 CS
Poland 92 2 280 1875 9.3% 1782 1928% -405 -18% T2 CS
Portugal NO 1096 836 4.1% 836 o -260 -24% T2| CR,D,PS
Romania NO 300 307 1.5% 307 o 7 2% T2,T3 CS,PS
Slovakia 88 220 221 1.1% 134 152% 1 1% T3 PS
Slovenia 128 NO NO - -128 -100% - - NA NA
Spain 46 2811 3 050 15.0% 3004 6533% 239 8% T2,T3 PS
Sweden NO C 263 1.3% 263 o 263 o T2 CS
EU-27 5228 23 192 20 267 100%: 15 039 288% -2 925 -13% - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.

EU trends in this table do not include Sweden for confidentiality reasons and to preserve time series consistency for the

EU. This also explains the differences between the numbers in this table and the CRF.

Table 3.14 also shows that about 98.3 % of EU emissions are calculated using higher tier methods.
Many countries are using country specific information from the EU ETS and apply default emission
factors for emissions that are not covered by the EU ETS.

Figure 3.22 illustrates the trend of increasing emissions from gaseous fuels in category 1.A.1.b in the
last 31 years. As can be seen, the six largest contributors to CO2 emissions in this sector account
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together for 74.7% of the total emissions in this category. Emissions have decreased by 13% between
2020 and 2021 after the peak observed in 2019.

Figure 3.22 1.A.1.b Petroleum Refining, Gaseous Fuels: Emission trend and share for CO2

1.A.1.b Gaseous Fuels - Petroleum Refining: CO2
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Figure 3.23 (on the next page) shows the implied emission factors for CO2 emissions from gaseous
fuels. The EU implied emission factor has remained broadly stable around 56 t/TJ on the entire time-
series with a peak to 56.9 t/TJ in 2021 which remains in the IPCC range. The very low IEF from
Ireland is due to inconsistencies between CO2 emissions originating from ETS data and activity data
derived from the energy balance which aggregates different types of gases. This impacts only the IEF
as total fuel reported under ETS is very similar to total fuel reported in the energy balance.
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1.A.1.b Petroleum Refining, Gaseous Fuels: Implied Emission Factors for CO2

Figure 3.23
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3.2.1.3 Manufacture of Solid Fuels and Other Energy Industries (1.A.1.c) (EU)

According to the 2006 IPCC guidelines, the manufacture of solid fuels and other energy industries
includes combustion emissions from fuel use during the manufacture of secondary and tertiary
products from solid fuels including production of charcoal. It comprises combustion emissions from the
production of coke, brown coal briquettes and patent fuel. It can also cover the emissions from own-
energy use in coal mining and gas extraction. Emissions from own on-site fuel use should be included.
In addition, this category includes emissions from fuel combustion in oil and natural gas production.

Total emissions from this category accounted for 0.9 % of total EU greenhouse gas emissions in 2021.
Between 1990 and 2021, COz emissions fell by 70 % in the EU (Table 3.15). Germany, Italy and
Poland together are responsible for 55.8 % of the total EU emissions in 2021. Germany is responsible
for 80 % of the whole decrease in this category between 1990 and 2021.

Table 3.15 1.A.1.c Manufacture of Solid Fuels and Other Energy Industries: Countries’ contributions to CO2
emissions
CO2 Emissions in kt Share in BUI - o ange 1990-2021 | Change 2020-2021 SISO
Member State .27_ Method factor
Emissions Informa-
1990 2020 2021 in 2021 | ktco2 % kt CO2 % i

Austria 510 289 354 1.2% -156 -31% 64 22% T2 cs
Belgium 2024| 140.71 160 0.5% -1 864 -92% 19 14% T3 PS
Bulgaria 362 2 2 0.0% -360 -99% 0 14% T2 cs
Croatia 912 202 237 0.8% -675 -74% 35 17% T1 D
Cyprus NO 19 NO - - - -19 -100% T1 D
Czechia 1516 4209 1260 4.2% -256 -17% -2 949 -70% T1,T2 CS,D
Denmark 530 902 894 3.0% 363 69% -8 -1% T2,T3 CS,PS
Estonia 78 1 560 1545 5.1% 1467|  1872% -14 -1% T3 PS
Finland 347 271 329 1.1% -18 -5% 58 21% T3 CS
France 4738 2101 2160 7.1% -2578 -54% 59 3% T2 [
Germany 65 289 9215 8 645 28.6%| -56 644 -87% -569 -6% [ [
Greece 102 34 26 0.1% -76 -75% -8 -24% T2 PS
Hungary 570 294 265 0.9% -305 -54% -29 -10%| T1,T2,T3| CS,D,PS
Ireland 100 92 80 0.3% -20 -20% -11 -12% T3 [
Italy 12 454 3844 4 654 15.4% -7 800 -63% 810 21% T3 [
Latvia 205 48 53 0.2% -152 -74% 4 9% T2 [
Lithuania 9 66 43 0.1% 34 362% -23 -35% T2 [
Luxembourg NO NO NO - - - - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands 2110 2551 2442 8.1% 331 16% -109 -4% T2 Cs,D
Poland 4846 3191 3574 11.8% -1272 -26% 383 12% T1,T2 Cs,D
Portugal 141 NO NO - -141 -100% - - NA NA
Romania 146 1164 1236 4.1% 1090 746% 72 6%| T1,72,T3| CS,D,PS
Slovakia 1319 977 1084 3.6% -235 -18% 106 11% T2 [
Slovenia 82 0 0 0.0% -82 -100% 0 107% T2 [
Spain 2089 749 892 2.9% -1197 -57% 143 19% T1,T2| CS,D,PS
Sweden 300 360 327 1.1% 27 9% -33 -9% T2 [
EU-27 100783| 32280 30262 100%| -70521 -70% -2018 -6% - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.

Figure 3.24 shows the trends in emissions from this source category by fuel in the EU between 1990
and 2021. The largest share of greenhouse gas emissions from the manufacture of solid fuels can be
accounted to CO2 emissions from solid (70.6 %) and gaseous (23.9 %) fuels. Emissions from solid
fuels fell markedly during the 1990s and then stabilized for a few years. Since 2006 they began to
decrease again. The strong drop in 2009 was due to the drop-in coke production associated with the
iron and steel production triggered by the economic downturn.

Fuel used for manufacturing solid fuels fell by 60.6 % in the EU between 1990 and 2021. The

strongest decline was reported for solid fuels (-70.9 %), followed by liquid fuels (-59.7 %). Only

biomass consumptions increased in the period from 1990 to 2021. Germany is responsible for the

increase in energy use and emissions from biomass (according to the energy balance of Germany,

biomass mainly consists of biogas that is used in gasification plants). In the year 2021, solid fuels and
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gaseous fuels represented 59.5 % and 29.8 % respectively of all fuel used. Biomass consumptions
represent 6.7 % of fuel consumptions. Almost no other fossil fuels and peat are used in this category;
together accounting for less than 0.2 % of the total fuel used in 2021.

Figure 3.24 1.A.1.c Manufacture of Solid Fuels and Other Energy Industries: Total and CO2 emission and
activity trends

Emissions Trend 1.A.1.c Activity Data Trend 1.A.1.c
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1.A.1.c Manufacture of Solid Fuels and Other Energy Industries — Solid Fuels (COy)

CO:2 emissions from the combustion of solid fuels used for the manufacture of solid fuels accounted
for 70.6 % of total greenhouse gas emissions from 1.A.1.c in 2021. Emissions in the EU declined by
76% since 1990. This was mainly driven by a strong decline in emissions in Germany

(-53 665 kt COz), which amounts to about 80 % of the total decline in this category.

Table 3.16  1.A.1.c Manufacture of Solid Fuels and Other Energy Industries, Solid Fuels: Countries’
contributions to CO2 emissions

CO2 Emissions in kt Share in Change 1990-2021 Change 2020-2021 Emission
Member State EmEiLsJ;ichns Method ir:?ocrtr?w;-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % tion
Austria IE IE IE - - - - - NA NA
Belgium 2017 141 160 1% -1 857 -92% 19 14% T3 PS,NA
Bulgaria 274 0 0 0% -274 -100% 0 -49% NA NA
Croatia NO NO NO - - - - - NA NA
Cyprus NO NO NO - - - - - - -
Czechia 1352 4188 1245 6% -107 -8% -2943 -70% T2 CS,D
Denmark NO NO NO - - - - - NA NA
Estonia 78 1 560 1545 7% 1467 1872% -14 -1% - -
Finland 347 271 329 2% -18 -5% 58 21% T3 CS,NA
France 4 054 2101 2160 10% -1894 -47% 59 3% - -
Germany 61 101 7921 7 436 34% -53 665 -88% -485 -6% Cs cs
Greece NO NO NO - - - - - NA NA
Hungary 220 148 142 1% -78 -36% -6 -4% T1,T2 D,PS
Ireland NO NO NO - - - - - - -
Italy 10 891 2891 3646 17% -7 245 -67% 755 26% - -
Latvia NO NO NO - - - - - NA NA
Lithuania NO NO NO - - - - - NA NA
Luxembourg NO NO NO - - - - - - -
Malta NO NO NO - - - - - NA NA
Netherlands 916 1144 1151 5% 235 26% 7 1% T2 CS
Poland 4 009 1847 2139 10% -1871 -47% 292 16% T1,T2 Cs,D
Portugal 91 NO NO - -91 -100% - - NA NA
Romania NO NO NO - - - - - NA NA
Slovakia 1319 947 1 046 5% -272 -21% 100 11% T2 Cs
Slovenia 37 NO NO - -37 -100% - - NA NA
Spain 1809 207 294 1% -1515 -84% 87 42% T1,T2 D,PS
Sweden 300 360 327 2% 27 9% -33 -9% T2 (&
EU-27 88 816 23724 21 620 100%) -67 196 -76%) -2 104 -9% = =

Abbreviations are explained in the Chapter ‘Units and abbreviations’.

Note: Austria includes the emissions from 1.A.1.c Solid fuels (occurring in coke ovens) in 1.A.2.a Iron and Steel
Industries.

Table 3.16 also shows that than 96.4 % of EU emissions are calculated using higher tier methods.
Many countries are using country specific information from the EU ETS and apply default emission
factors for emissions that are not covered by the EU ETS. Similarly, countries may use country
specific emission factors for the most common fuels (for example hard coal and lignite) and use
default emission factors for fuels of minor importance (for example brown coal briquettes). Therefore,
countries might use apparently contradicting information such as "T1, T2" for Methods used and "CS,
D" for Emission Factors applied. In such cases we assumed, that 90 % of emissions are calculated
using a higher tier method and 10 % of emissions are calculated using the tier 1 method. When
countries have reported country specific methods and emission factors it has been assumed, that a
higher tier method has been used.
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Solid fuels have fallen steadily to one third of the 1990 levels. The decline in emissions (see Figure
3.25 below) in Germany is mainly due to a large decline in lignite production in the 1990s. Lignite use
decreased strongly in the new German Lander from usage levels of the industry of the former GDR.
From raw lignite, a range of refined products used to be produced for industry, households and small
commercial operations. A comprehensive transition from lignite to other fuels then took place until the
end of the 1990s. The three largest emitters in 2021 were Germany, Italy and France jointly
responsible for 61.3 % of all EU emissions in this category.

Figure 3.25 1.A.1.c Manufacture of Solid Fuels and Other Energy Industries, Solid Fuels: Emission trend and
share for CO2

1.A.1.c Solid Fuels - Manufacture of Solid Fuels and Other Energy
Industries: CO2 - Trend in the EU-27
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Figure 3.26 shows the relevant implied emission factors for solid fuels. The EU implied emission factor
amounted to 83.7 t/TJ in 2021: it is the lowest of the entire time-series.

In general, the variation can be explained by the mix of different fuels and the shifts of their energy
consumptions between years. The high implied emission factor for solid fuels in Slovakia and France
can be explained with their use of blast furnace gas. Alike, the high implied emission factor for solid
fuels in Italy is due to the large use of derived steel gases and in particular blast furnace gas to
produce electricity in the iron and steel plant plants. Estonia has a low IEF, because the EF is
calculated by using the carbon balance of the shale oil plant. The measured results are provided by
the oil plants to the Estonian Ministry of Environment. To calculate the amount of carbon in flue gases
into the atmosphere the carbon in the oil shale is subtracted from the carbon of shale oil, semi-coke
gas, gasoil and black ash.
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1.A.1.c Manufacture of Solid Fuels and Other Energy Industries — Gaseous Fuels (COy)

CO:2 emissions from the combustion of gaseous fuels used in category 1.A.1.c accounted for 23.9 % of
total greenhouse gas emissions from this category in 2021. Emissions in the EU decreased by 11 %
(Table 3.17 below) between the years 1990 and 2021. After a strong increase in the 1990s and
stabilisation in the 2000s there has been a significant reduction in the last few years. The top three
countries (Netherlands, Poland and Germany) together account for 52 % of emissions in this category.

Table 3.17  1.A.1.c Manufacture of Solid Fuels and Other Energy Industries, Gaseous Fuels: Countries’
contributions to CO2 emissions

CO2 Emissions in kt Share in Change 1990-2021 Change 2020-2021 Emission
Member State EmEiLsJ;izgns Method i:?ocrt;;_
1990 2020 2021 in 2021 kt CO2 % kt CO2 % tion
Austria 506 289 354 5% -153 -30% 64 22% T2 CS
Belgium 3 NO NO - -3 -100% - - NA NA
Bulgaria NO 1 2 0% 2 i 1 43% T2 (o]
Croatia 875 202 237 3% -638 -73% 35 17% T1 D
Cyprus NO NO NO - - - - - - -
Czechia NO 6 6 0% 6 ° 0 -5% T2 (&S]
Denmark 525 877 878 12% 353 67% 1 0% T3 CS,PS
Estonia IE IE IE - - - - - - -
Finland NO NO NO - - - - - NA NA
France 531 NO NO - -531 -100% - - - -
Germany 2622 1284 1197 16% -1425 -54% -87 -7% Cs (o]
Greece 102 34 26 0% -76 -75% -8 -24% T2 PS
Hungary 311 145 123 2% -188 -60% -22 -15% T3,T2 PS,CS
Ireland IE 22 5 0% 5 L -17 -79% - -
Italy 621 953 1008 14% 388 62% 55 6% - -
Latvia 105 27 29 0% -76 -72% 2 7% T2 Cs
Lithuania NO 53 32 0% 32 0 -21 -39% T2 CS
Luxembourg NO NO NO - - - - - - -
Malta NO NO NO - - - - - NA NA
Netherlands 1184 1407 1290 18% 106 9% -116 -8% T2 Cs
Poland 684 1247 1348 18% 663 97% 100 8% T2 CS
Portugal NO NO NO - - - - - NA NA
Romania NO 245 172 2% 172 o -73 -30% T2,T3 CS,PS
Slovakia NO 31 37 1% 37 i 7 21% T2 Cs
Slovenia 42 0 0 0% -42 -99% 0 107% T2 CS
Spain 89 535 589 8% 500 559% 54 10% T2 D,CS
Sweden NO,IE NO,IE NO,IE - - - - - NA NA
EU-27 8199 7 359 7334 100% -865 -11% -26 0% - -

Abbreviations are explained in the Chapter ‘Units and abbreviations’.

Note: Estonia includes the emissions from 1.A.1.c in 1Ala.
Sweden includes emissions from 1.A.1.c in 1.A.2.g

Table 3.17 also shows that about 95.6 % of EU emissions are calculated using higher tier methods.
Many countries are using country specific information from the EU ETS and apply default emission
factors for emissions that are not covered by the EU ETS. Similarly, countries may use country
specific emission factors for the most common fuels (for example hard coal and lignite) and use
default emission factors for fuels of minor importance (for example brown coal briquettes). Therefore,
countries might use apparently contradicting information such as "T1, T2" for Methods used and "CS,
D" for Emission Factors applied. In such cases we assumed, that 90 % of emissions are calculated
using a higher tier method and 10 % of emissions are calculated using the tier 1 method. When
countries have reported country specific methods and emission factors it has been assumed, that a
higher tier method has been used.
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Figure 3.27 illustrates the emission trend for gaseous fuels split by countries over the last 31 years.
Although the emissions in the year 2021 compared to 1990 decreased by 11 % over the whole time
series, there was a strong increase in the 1990s and a decline after 2009.

Figure 3.27 1.A.1.c Manufacture of Solid Fuels and Other Energy Industries, Gaseous Fuels: Emission trend
and share for CO2

1.A.1.c Gaseous Fuels - Manufacture of Solid Fuels and Other Energy
Industries: CO2 - Trend in the EU-27
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Figure 3.28 (on the next page) shows the implied emission factors for gaseous fuels. The EU implied
emission factor amounts 56.7 t/TJ in 2021 and varies between 55 and 59 t/TJ over the last 31 years.
The IPCC default values range between 54.3 t/TJ (lower) and 58.3 t/TJ (upper).

Figure 3.28 1.A.1.c Manufacture of Solid Fuels and Other Energy Industries, Gaseous Fuels: Implied Emission
Factors for CO2
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Category 1A2 includes emissions from combustion of fuels in manufacturing industries and
construction including fuel use of non-public electricity and heat generation (auto producers).
According to the guidelines, emissions from fuel combustion in coke oven plants are reported under
1.A.1.c. Austria reports emissions from onsite coke ovens of integrated iron and steel plants under
category 1.A.2.a. Some MS report emissions of blast furnace and coke oven gas combustion under
categories 1.A.1.a public electricity and heat production or 1.A.4 other sectors and some MS are
reporting emissions from refinery gas under 1.A.2. Emissions from category 1.A.2 are specified by the
sum of subsectors that correspond to the International Standard Industrial Classification of All
Economic Activities (ISIC, see listing below). Emissions from transport used by industry are reported
under category 1.A.3 Transport. Most countries report emissions arising from off-road and other
mobile machinery used in industry (e.g. construction machinery) under category 1.A.2.g. Emissions
from non-energy fuel use (e.g. reducing agents used in blast furnaces or natural gas used for
ammonia production) should be reported under category 2 Industrial Processes.

The following enumeration shows the correspondence of 1A2 subcategories and ISIC Rev 3.1 codes:

e 1A2alronand Steel: ISIC Group 271 and Class 2731.

e 1A 2b Non-Ferrous Metals: ISIC Group 272 and Class 2732.

e 1 A2c Chemicals: ISIC Division 24.

e 1 A 2d Pulp, Paper and Print: ISIC Divisions 21 and 22

e 1 A2 eFood Processing, Beverages and Tobacco: ISIC Divisions 15 and 16.

e 1 A2 fNon-metallic Minerals: ISIC Division 26

e 1 A2 g Other manufacturing industries: ISIC Divisions 17 to 20, 25, 28 to 37 and 45.

The following table shows the share of specific tier methods used for each 1.A.2 category emission
estimates. It can be seen that most countries use Tier 2 methodology for emission estimates.

Table 3.18: Share of Tier methods for 1.A.2 by type of reported method and method combinations.

Methods and method Share of emissions which are estimated by the specific Tier
combinations method'
Cs 12.7%
T1 5.9%
T1,T2 14.0%
T1,T3 4.0%
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T2 35.2%

T2,T3 7.9%

T3 4.0%
T1,7T2,T3 6.0%
CS,T1 8.9%
CS,T1,T3 0.0%
Other combination 0.0%

Information about methodology used by countries for calculating emissions from category 1.A.2.g is
not included in submission files for specific fuels but only as overall methodology information.
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Table 3.19: Key categories for sector 1.A.2. (Table excerpt)

kt CO, equivalent Trend Level Share of
Source category gas higher
1990 2021 1990 2021 Tiers [%]
1.A.2.a Iron and Steel: Gaseous Fuels (CO,) 29392 17973 0 L L 99.79
8753 882 T L 0 99.00
1.A.2.a Iron and Steel: Liquid Fuels (COy)
112412 60381 T L L 99.95
1.A.2.a Iron and Steel: Solid Fuels (COy)
3013 7496 T 0 L 95.78
1.A.2.b Non-Ferrous Metals: Gaseous Fuels (COy)
50492 39145 T L L 99.42
1.A.2.c Chemicals: Gaseous Fuels (CO,)
36118 21347 T L L 92.63
1.A.2.c Chemicals: Liquid Fuels (COy)
11972 9021 0 L L 99.97
1.A.2.c Chemicals: Solid Fuels (CO,)
11115 18452 T L L 92.81
1.A.2.d Pulp, Paper and Print: Gaseous Fuels (CO,)
10783 1710 T L 0 92.06
1.A.2.d Pulp, Paper and Print: Liquid Fuels (CO,)
6770 1882 T 0 0 96.13
1.A.2.d Pulp, Paper and Print: Solid Fuels (CO,)
1.A.2.e Food Processing, Beverages and Tobacco: 15813 29679 T L L 97.49
Gaseous Fuels (CO,)
1.A.2.e Food Processing, Beverages and Tobacco: 17725 2593 T L 0 68.80
Liquid Fuels (CO,)
1.A.2.e Food Processing, Beverages and Tobacco: 11536 3785 T L 0 95.46
Solid Fuels (CO,)
27662 34005 T L L 99.05
1.A.2.f Non-metallic minerals: Gaseous Fuels (CO,)
45759 20068 T L L 96.29
1.A.2.f Non-metallic minerals: Liquid Fuels (CO,)
1438 14429 T 0 L 69.43
1.A.2.f Non-metallic minerals: Other Fuels (CO5)
52433 13887 T L L 95.98
1.A.2.f Non-metallic minerals: Solid Fuels (COy)
1.A.2.g Other Manufacturing Industries and 79637 79482 T L L 98.34
Constructions: Gaseous Fuels (COy)
1.A.2.g Other Manufacturing Industries and 82994 35833 T L L 98.34
Constructions: Liquid Fuels (CO;)
1.A.2.g Other Manufacturing Industries and 2451 4481 T 0 0 98.34
Constructions: Other Fuels (CO,)
1.A.2.g Other Manufacturing Industries and 90752 11653 T L L 98.34
Constructions: Solid Fuels (COy)

In 2021, category 1.A.2 contributed to 439 540 kt COz equivalents of which 98.7% share belongs to
CO2 emissions, 0.8% to N2O emissions and 0.5% to CH4 emissions.

Figure 3.29 shows the emission trends within source category 1.A.2, which is dominated by COz from
category 1.A.2.g Other which contributes to total kt CO2 equivalents emissions by 30.4% followed by
1.A.2.f Non-metallic Minerals contributing by 19.2%, 1.A.2.a Iron and steel contributing by 18.1%,
1.A.2.c Chemicals by 16.3%, 1.A.2.e Food processing, beverages and tobacco by 8.4%, 1.A.2.d Pulp,
paper and print by 5% and 1.A.2.b Non-ferrous metals by 2%. Some Member States do not allocate
emissions to all sub-categories under 1.A.2., which is one reason for 1.A.2.g being the largest sub-
category within 1.A.2 source category.

Greece reports the rest of industrial sector emissions in category 1.A.2.f instead of category 1.A.2.g for
whole time series. Germany reports some fuels of subcategories 1.A.2.a-1.A.2.e as included
elsewhere (Notation key ‘IE’) and reports the specific emissions and activity data under 1.A.2.g. For
the years 2013 to 2021 Sweden makes excessive use of confidential reporting (Notation key ‘C’),
which implies that sub-categories include emissions without providing detailed fuel specific emissions.
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However, all Swedish confidential emissions are included in the total emissions of 1.A.2 and have
been included in ‘other fossil fuels’ of the EU inventory.

Figure 3.29: 1.A.2. Manufacturing Industries and Construction: Total and CO2 emission trends
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Data displayed as dashed line refers to the secondary axis.

Table 3.19 summarizes information by countries on GHG emissions and CO2 emissions from 1.A.2
Manufacturing Industries and Construction in 1990 and 2021. The highest shares on total kt CO2
equivalents emissions (above the average share calculated for EU) are Germany (29%), Italy (12%),
Spain (10.5%), France (10%),Poland (7%) and the Netherlands (6%). Together those countries

contribute to 75% of total emissions from 1.A.2.
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Table 3.20: 1.A.2. Manufacturing Industries and Construction: Member States contributions to total GHG and CO:

emissions
GHG em|s§|ons in kt CO2 CO2 emissions in ki
Member State equivalents
1990 2021 1990 2021
Austria 9 609 10 923 9533 10 792
Belgium 23 527 13 995 23 388 13 841
Bulgaria 17 757 4573 17 664 4 527
Croatia 5234 2430 5 209 2418
Cyprus 505 531 502 522
Czechia 47 105 12 893 46 824 12 770
Denmark 5729 3812 5 666 3734
Estonia 3474 399 3 465 394
Finland 13 358 6 409 13192 6 249
France 65 054 44 255 64 521 43 680
Germany 185 673 126 072 184 187 124 987
Greece 9 400 4 825 9 338 4780
Hungary 13 398 5211 13 364 5160
Ireland 4 065 4624 4 047 4 604
Italy 92 150 53 863 90 772 52 791
Latvia 3965 656 3910 604
Lithuania 6 158 1275 6 106 1257
Luxembourg 6 244 1194 6 229 1171
Malta 53 54 53 54
Netherlands 35 474 27 830 35 362 27716
Poland 42 831 30 106 42 621 29 829
Portugal 9 002 7 335 8 855 7 166
Romania 54 108 14 511 53 970 14 439
Slovakia 16 095 7 032 16 027 6 983
Slovenia 3095 1733 3 066 1710
Spain 45 201 46 697 44 857 45 392
Sweden 10 858 6 301 10 718 6 170
EU-27 729 125 439 540 723 448 433 740

Abbreviations explained in the Chapter ‘Units and abbreviations’.

1.A.2 Manufacturing Industries and Construction is the fourth largest sector in the EU accounting for
16% of total GHG emissions from Energy sector in 2021. Between 1990 and 2021, CO2 emission,s
from 1.A.2. Manufacturing Industries and Construction declined by 66%. Decrease of total emissions
is caused by decrease of fossil fuel consumption in category 1.A.2. Manufacturing Industries and
Construction.

A shift from solid and liquid fuels to mainly natural gas took place and an increase of biomass CO:
emissions by 106% and an increase of other fossil fuels CO2 emissions by 184% have been recorded
in 2021 compared to 1990.

Between 1990 and 2021, CO2 emissions were significantly reduced by Estonia (89%), Latvia (85%),
Luxembourg (81%), Lithuania (79%), Bulgaria (74%) and Czechia and Romania (73%) compared to
the level of CO2 emissions in 1990. Only Austria, Cyprus, Ireland, Malta and Spain report emission
increases.
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The main reason for the decline of emissions in Latvia for 1990 to 2001 could be explained with
recession of Soviet Union and following reformations and reorganizations within Latvia after that.
Decrease of emissions in 2006 to 2008 were influenced by the features of national economy
development when in-country industrial production already started to diminish due to increasing costs
of the production and dominance of imported products. Crisis in national economy in the second part
of 2008 also caused a significant decrease in total emissions. The main reasons for the large decline
in Czechia were the loss of markets and the energy saving behavior of newly privatized enterprises,
following the political changes in the country in the early 1990s. Main reasons of the decline in
Romania were the transition to a market economy and the reduction of energy intensive activities. The
main reason for the decline of emissions in Germany (38%) was the restructuring of the industry and
efficiency improvements after German reunification.

3.2.2.1 Iron and Steel (1.A.2.a)

This chapter provides information about European emission trend, Member States contribution to the
overall emission trend, activity data and emission factors used for emission estimates by countries for
category 1.A.2.a Iron and Steel.

Category 1.A.2.a (more specifically CO2 emissions from use of gaseous, liquid and solid fuels) was
identified as a key category by level and trend and thus the following description focuses only on CO2
emissions. CO2 emissions trend and activity data trends can be observed in Figure 3.30. Detailed data
related to countries CO2 emissions and percentage differences is depicted in Table 3.21. CO2
emissions have almost 100% share on total emissions from 1.A.2.a. The strong increase of emissions
(17%) observed between 2009 and 2010 correlates with crude steel production which was higher by
24% in 2010. Between 1990 and 2021 CO:2 emissions decreased by 48%. Between 2020 and 2021
CO:2 emissions increased by 14%.

Total COz emissions from 1.A.2.a amounted to 79 248 kt CO2 eq. in 2021. The trend of total CO2
emissions for 1990 to 2021 from category 1.A.2.a is depicted in Figure 3.30. Total CO2 emissions
decreased by 48% since 1990, mainly due to improved efficiency of restructured iron and steel plants
and ongoing consequences of the economic crisis in 2009. Total CO2 emissions decreased by 14%
between 2020 and 2021. COz emissions from 1.A.2.a Iron and Steel accounted for 18% of 1.A.2.
source category. The share of liquid fuels on CO2 emissions from 1.A.2.a decreased from 6% in 1990
to 5.6% in 2021. The share of solid fuels on CO2 emissions from 1.A.2.a was 76% in 2021 and 73% in
1990. The share of gaseous fuels on CO2 emissions from 1.A.2.a increased from 21% in 1990 to 23%
in 2021.

Almost all countries reported lower level of CO2 emissions in 2021 compared to 1990 except Germany
and Slovakia. Highest shares on total EU emissions concern Germany (48%) followed by Italy (12%),
the Netherlands (5.6%), France (5.3%) and Poland (5.2%). Most rapid decrease of emissions
compared to 1990 can be observed for Latvia (100%), Ireland (99%), Croatia and Bulgaria (95%),
Luxembourg and Hungary (94%) and Romania (90%). Emissions are reported as ‘NO’ (not occurring)
for Cyprus, Lithuania and Malta.
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Figure 3.30: 1.A.2.a Iron and Steel: CO, emissions and activity data trends
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Table 3.21: 1.A.2.a Iron and Steel: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method ESIDT
Emissions Informa-
1990 2020 2021 in 2021 | ktcO2 % kt CO2 % o
Austria 1833 1803 1774 2.2% -59 3% -29 2% T1T2 Cs,D
Belgium 5662 1239.17 1251 1.6%|  -4410 -78% 12 1% T1T3 D,PS
Bulgaria 2705 115 123 02%| -2582 -95% 9 7% T2 cs
Croatia 1062 34 56 0.1%| -1006 -95% 23 67% T1 D
Cyprus NO,IE 0 NO - - - o -100% NA NA
Czechia 14 861 1886 2111 2.7%| -12 750 -86% 225 12% TLT2 Cs.D
Denmark 136 90 95 0.1% -41 -30% 5 5%| T1,T2,T3 cs,D
Estonia NO 0 1 0.0% 1 o 0 53% T2 cs
Finland 2 499 809 890 1.1%|  -1609 -64% 80 10% T3] csps
France 8511 3844 4223 53%| -4288 -50% 379 10% T2,73] CSPS
Germany 35269] 32259 37835 47.7% 2566 7% 5577 17% cs cs
Greece 447 94 116 0.1% 331 74% 22 23% T2|  cs,ps
Hungary 2490 173 146 0.2%| -2344 -94% -26 -15% TLT2 Cs.D
Ireland 175 2 2 0.0% 173 -99% 0 0% T2 cs
Italy 25 255 8 005 9590 12.1%| -15 665 -62% 1585 20% T2 cs
Latvia 389 0 0 0.0% 389]  -100% 0 14% T2 cs
Lithuania NO NO NO - - - - - NA NA
Luxembourg 5 393 266 308 0.4%| 5084 -94% 42 16% T2 cs
Malta NO NO NO - - - - - NA NA
Netherlands 5 599 4259 4 400 56%|  -1198 21% 141 3% T2 cs
Poland 16 247 3703 4103 520%| -12145 75% 400 11% TLT2 Cs.D
Portugal 373 08 85 0.1% 288 1% 13 -13% T2| CRD,PS
Romania 9154 891 870 1.1%| -8284 -90% 21 2%| T1,T2,T3] CS,D,PS
Slovakia 2682 2179 3164 4.0% 482 18% 085 45% T2 cs
Slovenia 423 197 212 0.3% 211 -50% 15 8% TLT2 Cs.D
Spain 8 339 6 224 6 548 8.3%| -1790 21% 324 5%| T1,72,713] CSDPS
Sweden 1706 1200 1341 1.7% -365 21% 141 12% T2 cs
EU-27 151210] 69372] 79248 100%| -71 962 -48% 9876 14% - -

Malta includes emissions under 1.A.2.g.

Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

1.A.2.alron and Steel - Liquid Fuels (COy)

CO:2 emissions from the use of liquid fuels in category 1.A.2.a amounted 882 kt in 2021 for EU. CO2
emissions decreased compared to the year 1990 by 90% and increased by 19% compared to 2020.
This category corresponds to 0.2% share on total COz equivalent emissions from category 1.A.2. Fuel
consumption decreased by 89% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.22. Cyprus, Czechia, Estonia,
Hungary, Ireland, Latvia, Lithuania, Luxembourh and Malta report emissions as ‘NO’ (not occurring).
Two Member States use for emission estimates Tier 1 methodology, the rest of countries use higher
tiers or combination of tiers (as it is calculated in chapter 3.2.1 approximately 99% of EU emissions
were calculated by using higher Tier methods or combination of methods in category 1.A.2.a — Liquid
Fuels (COz)). All countries reported lower level of emissions in 2021 than in 1990.
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Table 3.22: 1.A.2.a Iron and Steel, liquid fuels: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % e
Austria 76 7 20 2.3% -56 -74% 13 189% T2 CS
Belgium 885 12.69 16 1.8% -869 -98% 3 26% T1,T3 D,PS
Bulgaria 37 1 1 0.1% -37 -98% 0 28% NA NA
Croatia 208 4 7 0.8% -201 -97% 3 69% T1 D
Cyprus IE 0 NO - - - 0 -100% NA NA
Czechia 427 NO NO - -427 -100% - - NA NA
Denmark 25 4 7 0.8% -18 -72% 3 82% T1,T2 CS,D
Estonia NO NO NO - - - - - NA NA
Finland 305 20 20 2.3% -285 -93% 0 0% T3 CS
France 1 455 88 104 11.8% -1351 -93% 16 18% T2,T3 CS,PS
Germany 916 12 12 1.3% -904 -99% 0 -3% CS CS
Greece 447 28 30 3.4% -417 -93% 1 5% T2 PS
Hungary 553 NO NO - -553 -100% - - NA NA
Ireland 16 NO NO - -16 -100% - - NA NA
Italy 156 2 14 1.6% -142 -91% 12 657% T2 CS
Latvia 92 NO NO - -92 -100% - - NA NA
Lithuania NO NO NO - - - - - NA NA
Luxembourg 37 NO NO - -37 -100% - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands 19 9 10 1.1% -9 -49% 1 6% NA NA
Poland 870 14 15 1.7% -855 -98% 1 10% T1,T2 CS,D
Portugal 109 0 0 0.0% -109 -100% 0 -4% T2| CR,D,PS
Romania NO 1 1 0.2% 1 0 0 41%| T1,7T2,T3| CS,D,PS
Slovakia 164 1 3 0.3% -161 -98% 2 138% T2 CS
Slovenia 54 2 2 0.2% -52 -96% 0 -6% T1 D
Spain 1069 80 91 10.3% -977 -91% 11 14%| T1,72,T3] CS,D,PS
Sweden 831 454 529 60.0% -301 -36% 76 17% T2 CS
EU-27 8 753 739 882 100% -7 871 -90% 143 19% - -

Cyprus reports an ‘IE’ for liquid fuels (included in 1.A.2.b).
Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.31 shows CO2 emissions trend as well as the share of the countries with the highest
contribution to the total CO2 emissions. It can be seen that the highest shares on total CO2 emissions
(above the average share calculated for EU) correspond to Sweden (60%), France (12%) and Spain

(10%), which together represent 82% share on EU emissions.
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Figure 3.31: 1.A.2.a Iron and Steel, Liquid fuels: Emission trend and share for CO2
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Figure 3.32 shows CO:z implied emission factor (CO: IEF) calculated from EU submissions for 1990-
2021. In the graph, data from Sweden aren’t included due to reported confidential data. Nevertheless,
Swedish emissions are included in the calculation of IEF in EU CRF.

The high CO:2 IEF reported for 2008—2012 is mainly due to the contribution of Spain’s CO2 emissions
to the EU total (up to 5% between 2007 and 2008) and its high CO2 IEF (ranging from 92.4 to 96.1
t/TJ) for those years. The EU CO: IEF equaled 73.6 t/TJ in 2021 excluding Sweden.

Figure 3.32: 1.A.2.a Iron and Steel, Liquid fuels: Implied Emission Factors for COz2 (in t/TJ)

Frm—

Note: The EU IEF for CO, emissions of category 1.A.2.a. liquid fuels displayed in this graph does not include data from
SWE due to reported confidential data.

Figure 3.33 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021.
For the year 2021, Sweden reports activity data as C (‘confidential’) and thus CO: IEF is not depicted
in Figure 3.33.
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Figure 3.33: 1.A.2.a Iron and Steel, Liquid fuels: Implied Emission Factors for CO2 by Member States and Iceland
(in /TJ)
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1.A.2.alron and Steel - Solid Fuels (COy)

CO:2 emissions from the use of solid fuels in category 1.A.2.a amounted 60 381 kt in 2021 for EU. CO2
emissions decreased compared to year 1990 by 46% and decreased compared to 2020 by 17.5%.
This category represents 76% of total CO2 equivalent emissions from category 1.A.2. Fuel
consumption decreased by 52% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.23. Cyprus, Denmark, Estonia,
Greece, Ireland, Latvia, Lithuania, Luxembourg, Malta and Portugal report emissions as ‘NO’ (not
occurring). Two Member States use Tier 1 methodology for emission estimates, the rest of the
Member States use higher tiers or combination of tiers (as it is calculated in chapter 3.2.1
approximately 99.95% of EU emissions were calculated by using higher Tier methods or combination
of methods in category 1.A.2.a — Solid Fuels (COz2)). All Member States reported lower level of
emissions in 2021 than in 1990 except Germany and Slovakia.
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Table 3.23: 1.A.2.a Iron and Steel, solid fuels: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % e
Austria 1107 715 760 1.3% -347 -31% 45 6% T2 CS
Belgium 3284 15.46 19 0.0% -3 265 -99% 4 24% T3 PS
Bulgaria 1631 0 0 0.0% -1 631 -100% 0 20% NA NA
Croatia 625 4 11 0.0% -614 -98% 8 219% T1 D
Cyprus NO NO NO - - - - - NA NA!
Czechia 13 709 1425 1490 2.5% -12 219 -89% 65 5% T2 CS,D
Denmark 5 NO NO - -5 -100% - - NA NA
Estonia NO NO NO - - - - - NA NA
Finland 2084 449 506 0.8% -1577 -76% 57 13% T3 CS,PS
France 4271 1815 2 153 3.6% -2 118 -50% 338 19% T2,T3 CS,PS
Germany 29912 29 273 34 903 57.8% 4991 17% 5 630 19% CS CS
Greece NO NO NO - - - - - NA NA
Hungary 625 46 53 0.1% -571 -91% 7 15% T1,T2 CS,D
Ireland 115 NO NO - -115 -100% - - NA NA
Italy 20 762 4 253 5 462 9.0% -15 300 -74% 1209 28% T2 CS
Latvia NO NO NO - - - - - NA NA
Lithuania NO NO NO - - - - - NA NA
Luxembourg 4 959 NO NO - -4 959 -100% - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands 4913 3627 3720 6.2% -1 192 -24% 93 3% T2 CS
Poland 11 870 2 503 2 805 4.6% -9 065 -76% 302 12% T1,T2 CS,D
Portugal 264 NO NO - -264 -100% - - NA NA
Romania 2 599 182 196 0.3% -2 403 -92% 13 7% T1,T2 CS,D
Slovakia 2 296 2024 3020 5.0% 724 32% 996 49% T2 CS
Slovenia 57 21 19 0.0% -38 -66% -1 -7% T1 D
Spain 6 475 4 473 4672 7.7% -1 803 -28% 199 4%| T1,7T2,T3 CS,PS
Sweden 850 558 590 1.0% -259 -31% 32 6% T2 CS
EU-27 112 412 51 384 60 381 100% -52 030 -46% 8 998 18% - -

Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.34 shows CO2 emissions trend as well as the share of the countries with the highest
contribution to the total CO2 emissions. It can be seen that the highest shares on total CO2 emissions
(above the average share calculated for EU) correspond to Germany (58%), Italy (9%), Spain (8%)

and Netherlands (6%), which together represent 81% share of EU emissions.
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Figure 3.34: 1.A.2.a Iron and Steel, solid fuels: Emission trend and share for CO2
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Figure 3.35 shows implied emission factor (CO:z IEF) calculated from EU submissions for 1990-2021.
It can be seen that CO: IEF fluctuate during the whole time series. Lowest CO2 IEF was calculated for
year 2011 and since that CO: IEF has increasing but still fluctuating trend. The main reason for the
increase in the CO: IEF between 2012 and 2013 is Italy’s decrease in CO2 emissions. For these
years, the share of Germany’s CO2 emissions in the EU total increased from 37% to 40%, and
Germany’s CO: IEF was one of the highest reported, increasing from 155.17 t/TJ in 2012 to 158.47
t/TJ in 2013. CO: IEF equalled to 119.86 t/TJ in 2021.

Figure 3.35: 1.A.2.a Iron and Steel, Solid fuels: Implied Emission Factors for CO2 (in t/TJ)
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Figure 3.36 shows comparison of CO2 IEF used by Member States for emission estimates in 1990 and
2021. The high variation of the CO2 IEFs across MS is due to usage of derived coal gases which have
significant lower (coke oven gas) or higher carbon content (blast furnace gas) than coal.

139



Figure 3.36: 1.A.2.a Iron and Steel, Solid fuels: Implied Emission Factors for CO2 by Member States and Iceland
(in /TJ)
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1.A.2.alron and Steel - Gaseous Fuels (CO>)

CO:2 emissions from the use of gaseous fuels in category 1.A.2.a amounted 17 973 kt in 2021 for EU.
CO:2 emissions decreased compared to year 1990 by 39% and decreased compared to 2020 by 4%.
This category represents 23% of total CO2 equivalent emissions from category 1.A.2. Fuel
consumption increased by 3% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.24. Cyprus, Lithuania and Malta
report emissions as ‘NO’ (not occurring). Croatia uses Tier 1 methodology for emission estimates, the
rest of countries use higher tiers or combination of tiers (as it is calculated in chapter 3.2.1
approximately 99.8% of EU emissions were calculated by using higher Tier methods or combination of
methods in category 1.A.2.a — Gaseous Fuels (COy)). Austria, Finland, France, Spain and Sweden
report higher level of emissions in 2021 than in 1990. Highest increase of emissions (779%) is
observed for Sweden with a 1% share on total EU emissions in 2021.
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Table 3.24: 1.A.2.a Iron and Steel, gaseous fuels: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method ESIDT
Emissions Informa-
1990 2020 2021 in 2021 | ktcO2 % kt CO2 % o
Austria 650 1081 994 5.5% 344 53% -87 -8% T2 cs
Belgium 1493 1205.81 1211 6.7% 282 -19% 5 0% T1T3 D,PS
Bulgaria 1037 114 123 0.7% 914 -88% 3 7% T2 cs
Croatia 229 26 38 0.2% -190 -83% 12 46% T1 D
Cyprus NO NO NO - - - - - NA NA
Czechia 724 461 621 3.5% -104 -14% 160 35% T2 cs
Denmark 106 87 88 0.5% -18 -17% 2 2% T3 cs
Estonia NO 0 1 0.0% 1 o 0 53% T2 cs
Finland 110 340 363 2.0% 254 231% 23 7% T3 cs
France 2777 1914 1961 10.9% -815 29% 48 3% T2,73] CSPS
Germany 4442 2973 2921 16.3%]  -1521 -34% -53 2% cs cs
Greece NO 66 86 0.5% 86 o 20 31% T2 cs
Hungary 1312 126 93 0.5%|  -1219 -93% -33 27% T2 cs
Ireland 44 2 2 0.0% -41 -95% 0 0% T2 cs
Italy 4338 3750 4113 22.9% 224 5% 363 10% T2 cs
Latvia 236 0 0 0.0% 235 -100% 0 14% T2 cs
Lithuania NO NO NO - - - - - NA NA
Luxembourg 397 266 308 1.7% -89 22% 42 16% T2 cs
Malta NO NO NO - - - - - NA NA
Netherlands 667 623 670 3.7% 3 0% 47 8% T2 cs
Poland 2924 1186 1283 71%| 1641 -56% 9 8% T2 cs
Portugal NO 08 85 0.5% 85 o 13 -13% T2| CRD,PS
Romania 6 556 706 672 3.7%| 5884 -90% 34 5% T2,T3] CS,PS
Slovakia 221 154 141 0.8% -80 -36% -13 -8% T2 cs
Slovenia 312 174 191 1.1% 121 -39% 17 10% T2 cs
Spain 795 1671 1785 9.9% 990 125% 113 7% T2,73] CSPS
Sweden 25 188 222 1.2% 196 779% 33 18% T2 cs
EU-27 29392| 17214 17973 100%| -11419 -39% 759 4% - -

Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.37 shows CO2 emissions trend as well as the share of countries with the highest contribution
to the total CO2 emissions. It can be seen that the highest shares on total CO2 emissions (above the
average share calculated for EU) correspond to Italy (23%), Germany (16%), France (11%), Spain
(10%), Belgium (7%), Poland (7%) and Austria (6%) which together represent 79% share of EU

emissions.
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Figure 3.37: 1.A.2.a Iron and Steel, Gaseous fuels: Emission trend and share for CO2
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Figure 3.38 shows implied emission factor (CO:z IEF) calculated from EU submissions for 1990-2021.
It can be seen that the CO: IEF is fluctuating. The strong increase from 2011 to 2013 is caused by
strong increase of Romania IEF in these years. CO:z IEF equaled to 56.46 t/TJ in 2021.

Figure 3.38: 1.A.2.a Iron and Steel, Gaseous fuels: Implied Emission Factors for COz (in t/TJ)
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Figure 3.39 shows comparison of implied emission factors (CO:z IEFs) used by countries for emission
estimates in 1990 and 2021. No significant differences between CO: IEF used by EU are not occurring
as also no significant differences between CO:2 IEF used in 1990 and 2021 are occurring.

Figure 3.39: 1.A.2.a Iron and Steel, Gaseous fuels: Implied Emission Factors for CO2 by Member States (in t/TJ)
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3.2.2.2 Non-Ferrous Metals (1.A.2.b)

This chapter provides information about European emission trend, Member States contribution to the
overall emission trend, activity data and emission factors used for emission estimates by countries for
category 1.A.2.b Non-Ferrous Metals.

B1990 02021

Total CO2 emissions from 1.A.2.b amounted to 9 431 kt CO2 eq. in 2021. The trend of total emissions
for 1990 to 2021 from category 1.A.2.b is depicted in Figure 3.40. Total CO2 emissions decreased by
23% since 1990 and increased by 13% between 2020 and 2021. Total CO2 emissions from 1.A.2.b
Non-Ferrous Metals accounted for 2% of 1.A.2. source category.

Figure 3.40 shows the emission trend within the category 1.A.2.b, which is dominated by CO:
emissions from gaseous fuels in 2021. The share of liquid fuels on CO2 emissions from 1.A.2.b
decreased from 36% in 1990 to 9% in 2021. The share of solid fuels on CO2 emissions from 1.A.2.b
decreased from 39% in 1990 to 12% in 2021. The share of gaseous fuels on CO2 emissions from
1.A.2.b increased from 25% in 1990 to 79% in 2021.
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Figure 3.40: 1.A.2.b Non-ferrous Metals: CO2 emissions and activity data trends
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Data displayed as dashed line refers to the secondary axis.

Detailed data related to the EU submissions are depicted in Table.3.25. Denmark, Lithuania, Malta
and Portugal report emissions as ‘NO’ (not occurring) or ‘IE’ (included elsewhere). For Portugal,
emissions from non-ferrous metals are included in 1.A.2.g Other. Ten Member States reported
increase of CO2 emissions compared to level of emissions in 1990. The highest increase of CO2
emissions was reported by Romania (408%), with a 4.4% share on total EU emissions in 2021.
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Table.3.25: 1.A.2.b Non-ferrous Metals: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % e
Austria 132 268 294 3.1% 162 123% 26 10% T1,T2 CS,D
Belgium 629 402.70 418 4.4% -211 -33% 15 4% T1 D
Bulgaria 299 249 246 2.6% -53 -18% -3 -1% T1,T2 CS,D
Croatia 17 26 30 0.3% 13 77% 5 19% T1 D
Cyprus 5 3 3 0.0% -2 -44% -1 -17% T1 D
Czechia 102 142 282 3.0% 180 176% 139 98% T2 CS,D
Denmark NO NO NO - - - - - NA NA
Estonia NO 1 0 0.0% 0 I -1 -60% T2 CS
Finland 338 100 81 0.9% -257 -76% -19 -19% T3 CS,D
France 2472 885 903 9.6% -1 569 -63% 18 2% T2,T3 CS,PS
Germany 1377 157 117 1.2% -1 260 -92% -40 -26% CS CS
Greece 582 335 674 7.1% 92 16% 339 101% T2 CS,PS
Hungary 297 152 165 1.7% -133 -45% 12 8% T2 CS
Ireland 809 1323 1322 14.0% 513 63% -1 0%| T1,T2,T3 CS,D
Italy 735 1 036 968 10.3% 232 32% -69 -7% T2 CS
Latvia NO 1 1 0.0% 1 0 0 55% T2 CS
Lithuania NO NO NO - - - - - NA NA
Luxembourg 28 43 49 0.5% 20 71% 6 13% T2 CS
Malta NO NO NO - - - - - NA NA
Netherlands 214 127 150 1.6% -63 -30% 23 18% T2 CS
Poland 1053 1 069 1095 11.6% 42 4% 26 2% T1,T2 CS,D
Portugal NO,IE NO,IE NO,IE - - - - - NA NA
Romania 81 354 413 4.4% 332 408% 59 17%| T1,12,T3| CS,D,PS
Slovakia 1256 95 114 1.2% -1 142 -91% 19 19% T2 CS
Slovenia 440 117 138 1.5% -301 -69% 21 18% T1,T2 CS,D
Spain 1192 1354 1851 19.6% 659 55% 497 37%| T1,T2,T3| CS,D,PS
Sweden 129 107 117 1.2% -12 -9% 10 10% T2 CS
EU-27 12 187 8 347 9 431 100%: -2 756 -23% 1083 13% - -

Malta and Portugal include emissions under 1.A.2.g.
Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information refer to

the last inventory year.

1.A.2.b Non-Ferrous Metals - Liquid Fuels (COy)

CO:2 emissions from the use of liquid fuels in category 1.A.2.b amounted 837 kt in 2021 for EU. CO2
emissions decreased compared to year 1990 by 81% and compared to 2020 by 10%. Category has
0.2% share on total CO2 equivalent emissions from category 1.A.2. Fuel consumption decreased by
78% compared to 1990. The category was not identified as a key category for this submission but it
was identified in previous submissions and thus the description of the category is still included in the
reporting.

Detailed data related to the EU submissions are depicted in Table 3.26. Czechia, Denmark, Estonia,
Hungary, Latvia, Lithuania, Luxemburg, Malta and Netherlands report emissions as ‘NO’ (not
occurring). Portugal reports emissions as ‘IE’ (included elsewhere). Five Member States use Tier 1
methodology for emission estimates (approximately 87% of EU emissions were calculated by using
higher Tier methods or combination of methods in category 1.A.2.b — Liquid Fuels (COz)). All Member
States reported lower level of emissions in 2021 than in 1990 (except Italy).
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Table 3.26: 1.A.2.b Non-ferrous Metals, liquid fuels: Member States contributions to CO, emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Sl
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % -
Austria 35 8 9 1.1% -26 -73% 1 14% T2 CS
Belgium 220 37.20 38 4.6% -182 -83% 1 3% T1 D
Bulgaria 199 40 48 5.7% -151 -76% 8 19% Tl D
Croatia 17 3 3 0.4% -14 -82% 0 11% T1 D
Cyprus 5 3 3 0.3% -2 -44% -1 -17% T1 D
Czechia 3 NO NO - -3 -100% - - NA NA
Denmark NO NO NO - - - - - NA NA
Estonia NO NO NO - - - - - NA NA
Finland 174 71 60 7.1% -115 -66% -11 -16% T3 CS
France 773 243 239 28.5% -534 -69% -4 -2% T2,T3 CS,PS
Germany 144 108 69 8.2% -75 -52% -39 -36% CS CS
Greece 582 20 19 2.3% -563 -97% -1 -4% T2 PS
Hungary 202 NO NO - -202 -100% - - NA NA
Ireland 766 16 12 1.4% -754 -98% -4 -24% T1,T3 CS,D
Italy 18 34 30 3.5% 12 67% -5 -13% T2 CS
Latvia NO NO NO - - - - - NA NA
Lithuania NO NO NO - - - - - NA NA
Luxembourg 15 NO NO - -15 -100% - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands NO NO NO - - - - - NA NA
Poland 62 36 26 3.1% -36 -58% -10 -27% T1,T2 CS,D
Portugal IE IE IE - - - - - NA NA
Romania IE 1 4 0.5% 4 0 3 365% T1,T2 CS,D
Slovakia 23 3 3 0.3% -20 -88% 0 -9% T2 CS
Slovenia 120 3 3 0.4% -117 -97% 0 5% T1 D
Spain 931 211 171 20.4% -759 -82% -40 -19%| T1,T2,T3| CS,D,PS
Sweden 110 91 100 11.9% -10 -9% 9 10% T2 CS
EU-27 4 401 928 837 100%: -3 563 -81% -91 -10% - -

Portugal includes emissions under 1.A.2.g. Romania includes emissions under 1.A.2.a from 1990 to 2017 (except 2007).
Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.41 shows CO2 emissions trend as well as the share of the Member States with the highest
contribution to the total CO2 emissions. It can be seen that the highest shares on total CO2 emissions
(above the average share calculated for EU) correspond to France (28.5%), Spain (20.4%), Sweden
(12%), Germany (8%) and Finland (7%) which together represent 76% share of EU emissions.
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Figure 3.41: 1.A.2.b Non-ferrous Metals, liquid fuels: Emission trend and share for CO2
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Figure 3.42 shows CO:2 implied emission factor (CO:z IEF) calculated from EU submissions for 1990-
2021. It can be seen that CO: IEF fluctuated at the beginning of the time series and since 2013 shows
major fluctuations. The peak in the 2015 implied emission factor, as presented in the figure below,
occurs because Sweden reported activity data as confidential. Huge drop of IEF in 2018 was caused
by massive decrease of fuel consumption in France from 1 896 to 419 TJ. CO: IEF equalled to 77.87
t/TJ in 2021.

Figure 3.42: 1.A.2.b Non-ferrous Metals, liquid fuels: Implied Emission Factors for CO, (in t/TJ)
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Figure 3.43 shows comparison of COz2 IEF used by countries for emission estimates in 1990 and
2021. Particularly higher implied CO2 emission factors are due to the use of petroleum coke, which
has significantly higher carbon content than liquid oil products.
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Figure 3.43: 1.A.2.b Non-ferrous Metals, liquid fuels: Implied Emission Factors for CO2 by Member States (in t/TJ)
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1.A.2.b Non-Ferrous Metals - Solid Fuels (COy)

CO2 emissions from the use of solid fuels in category 1.A.2.b amounted 1 097 kt in 2021 for EU. CO2
emissions decreased compared to year 1990 by 77% and compared to 2020 increased by 1%.
Category has 0.2% share on total CO2 equivalent emissions from category 1.A.2. Fuel consumption
decreased by 76% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.27. Eleven member states report
emissions as ‘NO’ (not occurring). Greece, Portugal and Romania report emissions as ‘IE’ (included
elsewhere). Belgium uses Tier 1 methodology for emission estimates, the rest of countries use higher
tiers or combination of tiers (as it is calculated in chapter 3.2.1 approximately 92% of EU emissions
were calculated by using higher Tier methods or combination of methods in category 1.A.2.b — Solid
Fuels (CO2)). All Member States reported lower level of emissions in 2021 than in 1990 (except
Bulgaria with a 7% share on total EU emissions in subcategory 1.A.2.b solid fuels in 2021).
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Table 3.27: 1.A.2.b Non-ferrous Metals, solid fuels: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % o
Austria 22 13 10 0.9% -12 -56% -3 -26% T2 CS
Belgium 147 94 91 8.3% -57 -38% -3 -3% T1 D
Bulgaria 76 93 77 7.1% 1 1% -15 -16% T1,T2 CS,D
Croatia 0 NO NO - 0 -100% - - NA NA
Cyprus NO NO NO - - - - - NA NA!
Czechia 46 15 17 1.5% -29 -63% 2 12% T2 CS,D
Denmark NO NO NO - - - - - NA NA
Estonia NO NO NO - - - - - NA NA
Finland 155 26 18 1.6% -137 -88% -8 -31% T3 CS
France 954 2 2 0.2% -952 -100% 0 16% T2,T3 CS,PS
Germany 1233 49 48 4.4% -1 185 -96% -1 -2% CS CS
Greece IE IE IE - - - - - NA NA
Hungary 9 NO NO - -9 -100% - - NA NA
Ireland 4 NO NO - -4 -100% - - NA NA
Italy 152 61 a7 4.3% -105 -69% -15 -24% T2 CS
Latvia NO NO 0 0.0% 0 o 0 oo T2 CS
Lithuania NO NO NO - - - - - NA NA
Luxembourg NO NO NO - - - - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands 0 NO NO - 0 -100% - - NA NA
Poland 673 608 626 57.1% -47 -7% 18 3% T1,T2 CS,D
Portugal IE IE IE - - - - - NA NA
Romania 81 IE IE - -81 -100% - - NA NA
Slovakia 798 24 25 2.2% -774 -97% 0 1% T2 CS
Slovenia 154 5 5 0.5% -150 -97% 0 0% T1,T2 CS,D
Spain 188 98 132 12.0% -56 -30% 33 34% T1,T2 CS,D
Sweden 8 NO NO - -8 -100% - - NA NA
EU-27 4702 1 088 1097 100%: -3 605 -77% 9 1% - -

Portugal includes emissions under 1.A.2.g. From 1991, Romania includes emissions under 1.A.2.a.

Greece includes emissions in the Industrial processes sector (as non-energy use of fuels).

Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.44 shows CO:2 emissions trend as well as the share of countries with the highest contribution
to the total CO2 emissions. It can be seen that the highest share on total CO2 emissions (above the

average share calculated for EU) has Poland (57%), Spain (12%) and Belgium (8%) which together
have 77% share on EU emissions.
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Figure 3.44: 1.A.2.b Non-ferrous Metals, solid fuels: Emission trend and share for CO2
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Figure 3.45 shows CO: implied emission factor (COz IEF) calculated from EU submissions for 1990-
2021. Since the beginning of the time series, the CO: IEF had relatively decreasing trend. CO: IEF
equalled to 98.53 t/TJ in 2021.

Figure 3.45: 1.A.2.b Non-ferrous Metals, solid fuels: Implied Emission Factors for CO, (in t/TJ)
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Figure 3.46 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021.
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Figure 3.46: 1.A.2.b Non-ferrous Metals, solid fuels: Implied Emission Factors for CO, by Member States (in t/TJ)
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CO2 emissions from the use of gaseous fuels in category 1.A.2.b amounted 7 496 kt in 2021 for EU.
CO2 emissions increased compared to year 1990 by 149% and compared to year 2020 increased by
18%. This category represents 1.7% share on total CO2 equivalent emissions from category 1.A.2.
Fuel consumption increased by 146% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.28. Cyprus, Denmark, Lithuania
and Malta report emissions as ‘NO’ (not occurring). Germany and Portugal report emissions as ‘IE’
(included elsewhere). For Germany, emissions from gaseous fuels from this category are reported in
1.A.2.g Other. Two Member States use for emission estimates Tier 1 methodology, the rest of
countries use higher tiers or combination of tiers (as it is calculated in chapter 3.2.1 approximately
96% of EU emissions were calculated by using higher Tier methods or combination of methods in
category 1.A.2.b — Gaseous Fuels (COz2)). Four countries reported lower level of emissions in 2021
than in 1990. Most rapid increase of emissions was reported by Ireland (3296%); Ireland has also the
highest share on total CO2 emissions from 1.A.2.b — Gaseous Fuels (CO3).
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Table 3.28: 1.A.2.b Non-ferrous Metals, Gaseous fuels: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % -
Austria 75 246 275 3.7% 200 266% 29 12% T2 Cs
Belgium 261 272 289 3.9% 28 11% 17 6% T1 D
Bulgaria 23 116 120 1.6% 97 413% 4 4% T2 Cs
Croatia NO 23 27 0.4% 27 0 4 20% T1 D
Cyprus NO NO NO - - - - - NA NA!
Czechia 53 127 265 3.5% 212 399% 138 108% T2 (&)
Denmark NO NO NO - - - - - NA NA
Estonia NO 1 0 0.0% 0 o -1 -60% T2 CS
Finland NO 3 3 0.0% 3 © 0 14% T3 CS
France 745 640 662 8.8% -83 -11% 22 3% T2,T3 CS,PS
Germany IE IE IE - - - - - NA NA
Greece NO 315 655 8.7% 655 o 339 108% T2 CS
Hungary 86 152 165 2.2% 78 90% 12 8% T2 CS
Ireland 39 1307 1310 17.5% 1271 3296% 3 0% T2 (&)
Italy 566 941 891 11.9% 326 58% -49 -5% T2 (&S]
Latvia NO 1 1 0.0% 1 o 0 43% T2 CS
Lithuania NO NO NO - - - - - NA NA
Luxembourg 13 43 49 0.7% 35 264% 6 13% T2 CS
Malta NO NO NO - - - - - NA NA
Netherlands 213 127 150 2.0% -63 -30% 23 18% T2 CS
Poland 254 425 443 5.9% 188 74% 18 4% T2 (&)
Portugal IE IE IE - - - - - NA NA
Romania IE 353 409 5.5% 409 o 56 16% T2,T3 CS,PS
Slovakia 435 68 86 1.2% -348 -80% 18 27% T2 CS
Slovenia 165 109 130 1.7% -34 -21% 21 19% T2 CS
Spain 73 1044 1548 20.7% 1475 2014% 504 48% T2,T3 CS,PS
Sweden 10 16 17 0.2% 7 64% 1 7% T2 CS
EU-27 3013 6 330 7 496 100%: 4 483 149% 1166 18% - -

Portugal includes emissions under 1.A.2.g. From 1990 to 2017, Romania includes emissions under 1.A.2.a. Germany
reported emissions under 1.A.2.g (unspecified industrial power plants) because of confidential data.
Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.47 shows CO2 emissions trend as well as the share of countries with the highest contribution
to the total CO2 emissions. It can be seen that the highest share on total CO2 emissions (above the
average share calculated for EU) has Spain (21%), Ireland (17%), Italy (12%), Hungary and France
(both with 9%), Poland (6%) and Romania (5%) which together have 79% share on EU emissions.
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Figure 3.47: 1.A.2.b Non-ferrous Metals, Gaseous fuels: Emission trend and share for CO2
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Figure 3.48 shows CO:2 implied emission factor (CO: IEF) calculated from EU submissions for 1990-
2021. It can be seen that CO:z IEF has stable trend for the period 1990-2017 bud since 2018 the trend
has slightly changed. CO: IEF equalled to 56.47 t/TJ in 2021.

Figure 3.48: 1.A.2.b Non-ferrous Metals, Gaseous fuels: Implied Emission Factors for COz (in t/TJ)
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Figure 3.49 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021
No significant differences between CO: IEF used by EU are occurring and also no significant
differences between CO: IEF used in 1990 and 2021 are occurring.
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Figure 3.49: 1.A.2.b Non-ferrous Metals, Gaseous fuels: Implied Emission Factors for CO2 by Member States (in

yTJ)
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This chapter provides information about European emission trend contribution to the overall emission
trend, activity data and emission factors used for emission estimates by countries for category 1.A.2.c
Chemicals.

Total CO2 emissions from 1.A.2.c amounted to 71 147 kt CO:2 eq. in 2021. The trend of total CO:
emissions for 1990 to 2021 from category 1.A.2.c is depicted in Figure 3.50. CO2 emissions decreased
by 30% since 1990 and increased by 7% between 2020 and 2021. CO:2 emissions from 1.A.2.c
Chemicals accounted for 16% of 1.A.2. source category.

Figure 3.50 shows the emission trend within the category 1.A.2.c, which is dominated by CO:2
emissions from gaseous fuels in 2021. The share of liquid fuels on CO2 emissions from 1.A.2.c
decreased from 35% in 1990 to 30% in 2021. The share of solid fuels on CO2 emissions from 1.A.2.c
slightly increased from 12% in 1990 to 13% in 2021. The share of gaseous fuels on CO2 emissions
from 1.A.2.c increased from 50% in 1990 to 55% in 2021.
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Figure 3.50: 1.A.2.c Chemicals: Total and CO2 emission and activity trends
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Data displayed as dashed line refers to the secondary axis.

Detailed data related to the EU submissions are depicted in Table 3.29. Malta and Germany report
emissions as ‘NO’ (not occurring) or ‘IE’ (included elsewhere). For Germany, emissions from this
category are reported in 1.A.2.g Other. Six Member States reported increase of CO2 emissions
compared to level of emissions in 1990. The highest increase of CO2 emissions was reported by
Cyprus (but it should be noted that the share of Cyprus emissions on total EU emissions is minor
compared to for example Poland and Spain which reported significant increase of emissions and have
also high share on total EU emissions).
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Table 3.29: 1.A.2.c Chemicals: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method ESIDT
Emissions Informa-
1990 2020 2021 in 2021 | ktcO2 % kt CO2 % o
Austria 847 1426 1582 2.2% 735 87% 156 11% T1T2 Cs,D
Belgium 5 008 3783 4134 5.8% 964 -19% 350 9% T1T3 D,PS
Bulgaria 966 1327 1556 2.2% 590 61% 228 17% T1,T2 cs,D
Croatia 738 336 234 0.3% 504 -68% -102 -30% T1 D
Cyprus 2 8 7 0.0% 5 206% 1 -13% T1 D
Czechia 2 996 2027 3251 4.6% 254 8% 1224 60% TLT2 Cs.D
Denmark 337 208 220 0.3% 117 -35% 12 6%| T1T2,T3 cs,D
Estonia 390 11 15 0.0% -375 -96% 4 36% T1,T2 cs,D
Finland 1101 704 729 1.0% -463 -39% 25 3% T3 Cs.D
France 14760 10414 10728 15.1%| -4 032 27% 313 3% T2,73] CSPS
Germany NO,IE NO,IE NO,IE - - - - - NA NA
Greece 308 618 645 0.9% -163 -20% 27 4% T2 cs
Hungary 1531 382 396 0.6%| -1134 74% 14 4%| T1,12,73| CSDPS
Ireland 410 405 396 0.6% 14 3% 9 2% T2 cs
Italy 21428 8672 11301 15.9%| -10 127 -47% 2628 30% T2 cs
Latvia 294 24 30 0.0% 263 -90% 6 26% T2 cs
Lithuania 397 276 280 0.4% 117 -29% 5 2% T2 cs
Luxembourg 170 111 128 0.2% 42 25% 17 15% TLT3 Cs.D
Malta NO NO NO - - - - - NA NA
Netherlands 17275 14722 14583 205%| -2 693 -16% -140 1% T2 Cs.D
Poland 4003 6 613 6 845 9.6% 2842 71% 232 4% TLT2 Cs.D
Portugal 1412 1232 1198 1.7% 214 -15% 34 -3% T1,T3 D,PS
Romania 17 864 3602 3032 4.3%| -14832 -83% 571 -16%| T1,T2,T3] CS,D,PS
Slovakia 2652 473 476 0.7%| -2176 -82% 3 1% T2 cs
Slovenia 211 65 73 0.1% -138 -65% 3 12% TLT2 Cs.D
Spain 5354 8 426 8 867 12.5% 3513 66% 441 5% T1,72| CSDPS
Sweden 683 468 443 0.6% 239 -35% 25 5% T2 cs
EU-27 101814] 66334] 71147 100%| -30 667 -30% 4813 7% - -

Emissions of Germany and Malta are included in 1.A.2.g.
Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

1.A.2.c Chemicals - Liquid Fuels (COy)

CO:2 emissions from the use of liquid fuels in category 1.A.2.c amounted 21 347 kt in 2021 for EU. CO2
emissions decreased compared to year 1990 by 41% and compared to 2020 increased by 12%.
Category has 5% share on total CO2 equivalent emissions from category 1.A.2. Fuel consumption
decreased by 35% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.30. Malta reports emissions as
‘NO’ (not occurring). Germany reports emissions as ‘IE’ (include elsewhere) and reports them in
1.A.2.g Other. Seven Member States use for emission estimates Tier 1 methodology, the rest of
Member States use higher tiers or combination of tiers (as it is calculated in chapter 3.2.1
approximately 93% of EU emissions were calculated by using higher Tier methods or combination of
methods in category 1.A.2.c — Liquid Fuels (COz2)). Bulgaria, Cyprus, Czechia, Netherlands and
Poland reported higher level of emissions in 2021 than in 1990.
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Table 3.30: 1.A.2.c Chemicals, Liquid fuels: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % i
Austria 97 75 39 0.2% -58 -60% -36 -48% T2 CS
Belgium 1852 228 259 1.2% -1 593 -86% 31 13% T1 D
Bulgaria 855 834 965 4.5% 110 13% 131 16% Tl D
Croatia 291 6 7 0.0% -284 -97% 1 15% T1 D
Cyprus 2 8 7 0.0% 5 206% -1 -13% T1 D
Czechia 175 280 324 1.5% 149 85% 44 16% T1 D
Denmark 220 7 15 0.1% -205 -93% 8 116% T1,T2 CS,D
Estonia 229 4 3 0.0% -226 -99% -1 -26% T1,T2 CS,D
Finland 677 600 616 2.9% -61 -9% 17 3% T3 CS
France 5 469 2 508 2 380 11.1% -3 090 -56% -128 -5% T2,T3 CS,PS
Germany IE IE IE - - - - - NA NA
Greece 639 37 79 0.4% -560 -88% 42 114% T2 CS
Hungary 380 3 3 0.0% -377 -99% 0 0% T1 D
Ireland 131 50 53 0.2% -78 -59% 4 7% T2 CS
Italy 13 125 3 399 5 697 26.7% -7 428 -57% 2298 68% T2 CS
Latvia 270 10 11 0.1% -259 -96% 1 6% T2 CS
Lithuania 69 4 5 0.0% -64 -93% 1 21% T2 CS
Luxembourg 112 0 0 0.0% -112 -100% 0 30% T1,T3 CS,D
Malta NO NO NO - - - - - NA NA
Netherlands 6 493 7 679 7572 35.5% 1 080 17% -106 -1% T2 CS,D
Poland 308 1167 1198 5.6% 890 289% 31 3% T1,T2 CS,D
Portugal 1373 704 726 3.4% -647 -47% 22 3% T1,T3 D,PS
Romania NO 970 935 4.4% 935 0 -35 -4%| T1,T2,T3| CS,D,PS
Slovakia 51 2 1 0.0% -50 -97% 0 -23% T2 CS
Slovenia 32 9 9 0.0% -23 -71% 0 2% T1 D
Spain 2 844 113 118 0.6% -2 726 -96% 6 5% T1,T2 CS,D
Sweden 424 352 323 1.5% -101 -24% -29 -8% T2 CS
EU-27 36 118 19 049 21 347 100%: -14 772 -41% 2297 12% - -

From 1990 to 2000 Croatia includes emissions under 1.A.2.g.

Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.51 shows CO2 emissions trend as well as the share of countries with the highest contribution
to the total CO2 emissions. It can be seen, that the highest share on total CO2 emissions (above the
average share calculated for EU) has Netherlands (36%), Italy (27%), France (11%), Poland (6%),
Bulgaria (5%) and Romania (4%) which together have 88% share on EU emissions.
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Figure 3.51: 1.A.2.c Chemicals, Liquid fuels: Emission trend and share for CO2
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Figure 3.52 shows CO:z implied emission factor (CO: IEF) calculated from EU submissions for 1990-
2021. It can be seen that CO: IEF fluctuates over the time period with decreasing trend. CO: IEF
equaled to 65.76 t/TJ in 2021. The main reason for the declining trend of the IEF is the growing weight
of the Netherlands (with a lower IEF) and the decreasing weight of Italy (with a higher IEF) in total EU
emissions.

Figure 3.52: 1.A.2.c Chemicals, Liquid fuels: Implied Emission Factors for COz2 (in t/TJ)
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Figure 3.53 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021.
The main reason for the differences of IEFs across countries is differences in the fuel mix. Bulgaria
has a bit higher IEF compared to other countries which is caused by high share of petroleum coke.
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Figure 3.53: 1.A.2.c Chemicals, Liquid fuels: Implied Emission Factors for CO2 by Member States (in t/TJ)
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CO:2 emissions from the use of solid fuels in category 1.A.2.c amounted 9 021 kt in 2021 for EU. CO:2
emissions decreased compared to year 1990 by 25% and compared to 2020 increased by 20%.
Category has 2% share on total CO2 equivalent emissions from category 1.A.2. Fuel consumption
decreased by 25% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.31. Sixteen Member States report
emissions as ‘NO’ (not occurring). Germany reports emissions as ‘IE’ (include elsewhere) and reports
them in 1.A.2.g Other. Belgium uses for emission estimates Tier 1 methodology, the rest of Member
States use higher tiers or combination of tiers (as it is calculated in chapter 3.2.1 approximately
99.97% of EU emissions were calculated by using higher Tier methods or combination of methods in
category 1.A.2.c — Solid Fuels (CO3)). Bulgaria and Poland reported higher level of emissions in 2021
than in 1990. Poland has the highest share on total EU emissions.
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Table 3.31: 1.A.2.c Chemicals, Solid fuels: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % o
Austria 106 38 30 0.3% -76 -72% -8 -21% T2 CS
Belgium 688 4 3 0.0% -685 -100% -1 -27% T1 D
Bulgaria 80 215 301 3.3% 221 275% 87 40% NA NA
Croatia 101 NO NO - -101 -100% - - NA NA
Cyprus NO NO NO - - - - - NA NA!
Czechia 2 487 967 2108 23.4% -380 -15% 1141 118% T2 CS,D
Denmark 6 NO NO - -6 -100% - - NA NA
Estonia 5 NO NO - -5 -100% - - NA NA
Finland 214 NO NO - -214 -100% - - NA NA
France 2 149 1192 1352 15.0% -796 -37% 161 13% T2,T3 CS,PS
Germany IE IE IE - - - - - NA NA
Greece 169 NO NO - -169 -100% - - NA NA
Hungary 96 NO NO - -96 -100% - - NA NA
Ireland 72 NO NO - -72 -100% - - NA NA
Italy 640 NO NO - -640 -100% - - NA NA
Latvia NO 0 1 0.0% 1 o 1 700% T2 CS
Lithuania NO NO NO - - - - - NA NA
Luxembourg NO NO NO - - - - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands 1087 NO NO - -1 087 -100% - - NA NA
Poland 1012 4 454 4 595 50.9% 3583 354% 142 3% T1,T2 CS,D
Portugal 39 NO NO - -39 -100% - - NA NA
Romania 644 NO NO - -644 -100% - - NA NA
Slovakia 1584 49 9 0.1% -1574 -99% -40 -81% T2 CS
Slovenia 1 NO NO - -1 -100% - - NA NA
Spain 691 580 621 6.9% -70 -10% 41 7% T1,T2| CS,D,PS
Sweden 101 C C - -101 -100% - - T2 CS
EU-27 11 871 7 498 9 021 100%: -2 850 -24% 1523 20% - -

Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information

refer to the last inventory year.

EU trends in this table do not include Sweden for confidentiality reasons and to preserve time series consistency for the
EU. This also explains the differences between the numbers in this table and the CRF.

Figure 3.54 shows CO2 emissions trend as well as the share of the countries with the highest
contribution to the total CO2 emissions. It can be seen that the highest shares on total CO2 emissions
(above the average share calculated for EU) correspond to Poland (51%), Czechia (23%) and France
(15%) which together represent 89% share on EU emissions.
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Figure 3.54: 1.A.2.c Chemicals, Solid fuels: Emission trend and share for CO2

1.A.2.c Solid Fuels - Chemicals: CO2
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Figure 3.55 shows CO:2 implied emission factor (CO: IEF) calculated from EU submissions for 1990-

2021. It can be seen that since 2010, the CO: IEF fluctuates only slightly. CO2 IEF equalled to 95.08
t/TJ in 2021.

Figure 3.55: 1.A.2.c Chemicals, Solid fuels: Implied Emission Factors for CO2 (in t/TJ)
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Figure 3.56 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021.
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Figure 3.56: 1.A.2.c Chemicals, Solid fuels: Implied Emission Factors for CO2 by Member States (in t/TJ)

IEF, 1A2c Solid Fuels CO2

100 -
80
60
40
20
0
28§

B1990 02021

t/ T

HRV
CYP
CZE
DNM
EST
FIN
FRK
DEU
GRC
HUN
IRL
ITA
LVA
LTU
LUX
MLT
NLD
POL
PRT
ROU
SVK
SVN
ESP
SWE

1.A.2.c Chemicals — Gaseous Fuels (CO>)

CO:2 emissions from the use of gaseous fuels in category 1.A.2.c amounted 39 145 kt in 2021 for EU.
CO:2 emissions decreased compared to year 1990 by 22% and compared to 2020 CO2 emissions
increased by 2%. This category represents 9% of total CO:. equivalent emissions from category 1.A.2.
Fuel consumption decreased by 23% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.32. Cyprus and Malta report
emissions as ‘NO’ (not occurring). Germany reports emissions as ‘IE’ (include elsewhere) and reports
them in 1.A.2.g Other. Croatia uses for emission estimates Tier 1 methodology, the rest of Member
States use higher tiers or combination of tiers (as it is calculated in chapter 3.2.1 approximately 99% of
EU emissions were calculated by using higher Tier methods or combination of methods in category
1.A.2.c —Gaseous Fuels (CO3)). Nine Member States reported higher level of emissions in 2021 than
in 1990. Noticeable higher level of emissions in 2021 compared to 1990 was reported by Bulgaria
(858%) and Spain (347%).
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Table 3.32: 1.A.2.c Chemicals, gaseous fuels: Member States contributions to CO2

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % i
Austria 519 1131 1220 3.1% 701 135% 88 8% T2 CS
Belgium 2 559 3 544 3 865 9.9% 1 306 51% 321 9% T1,T3 D,PS
Bulgaria 30 279 289 0.7% 259 858% 11 4% T2 CS
Croatia 346 330 227 0.6% -119 -34% -103 -31% T1 D
Cyprus NO NO NO - - - - - NA NA!
Czechia 334 780 819 2.1% 485 145% 39 5% T2 CS
Denmark 110 201 205 0.5% 95 86% 4 2% T3 CS
Estonia 156 7 12 0.0% -144 -92% 5 68% T2 CS
Finland 99 98 91 0.2% -8 -8% -7 -7% T3 CS
France 6 657 5677 5 827 14.9% -830 -12% 150 3% T2,T3 CS,PS
Germany IE IE IE - - - - - NA NA
Greece NO 581 566 1.4% 566 I -15 -3% T2 CS
Hungary 1055 376 388 1.0% -667 -63% 12 3% T2 CS
Ireland 207 356 343 0.9% 135 65% -13 -4% T2 CS
Italy 7 663 5273 5 604 14.3% -2 060 -27% 330 6% T2 CS
Latvia 24 13 18 0.0% -5 -22% 5 37% T2 CS
Lithuania 328 272 276 0.7% -53 -16% 4 1% T2 CS
Luxembourg 57 111 128 0.3% 70 122% 17 15% T3 CS
Malta NO NO NO - - - - - NA NA
Netherlands 9 695 7043 7 010 17.9% -2 685 -28% -33 0% T2 CS
Poland 293 945 1048 2.7% 755 258% 103 11% T2 CS
Portugal NO 527 472 1.2% 472 0 -55 -11% T1,T3 D,PS
Romania 17 220 2 631 2 091 5.3% -15 129 -88% -541 -21% T2,T3 CS,PS
Slovakia 989 412 456 1.2% -533 -54% 44 11% T2 CS
Slovenia 177 56 64 0.2% -113 -64% 7 13% T2 CS
Spain 1819 7733 8 128 20.8% 6 308 347% 395 5% T2 CS
Sweden 155 67 C - -155 -100% -67 -100% T2 CS
EU-27 50 337 38 376 39 145 100%: -11 192 -22% 769 2% - -

Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.57 shows CO2 emissions trend as well as the share of the countries with the highest
contribution to the total CO2 emissions. It can be seen that the highest shares on total CO2 emissions
(above the average share calculated for EU) correspond to Spain (21%), Netherlands (18%), France
(15%), Italy (14%), Belgium (10%) and Romania (5%) which together represent 83% share on EU

emissions.
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Figure 3.57: 1.A.2.c Chemicals, Gaseous fuels: Emission trend and share for CO2

1.A.2.c Gaseous Fuels - Chemicals: CO2
Trend in the EU-27

Share in year t-2 (2021)
50000

® EUu-27
43750 [ ESP  20.8%
EXRXN NLD ~ 17.9%
s | e B Fre 14.0%
7)) B /. ; (¥ .‘! . ) >( o7
= 31250 <> W XKD ITA 14.3%
O — Y J|S >‘ < >' ‘)( 1S b 0
® < b SIS K i BEL 9.9%
2 Z 25000 K b ORISR
e :: %|'o!|o? %:‘::‘1:25': ROU 5.3%
i P Sl RIS AUT 3.1%
Ak — e 0,
e
12000 IR CZE 2.1%
— §§§'§13§§ GRC  14%
- 0,
!I §§.4 Other  7.6%
Countries are sorted by their contribution to
the value for the last year in the NGls. The
respective top 10 countries are displayed. The
other 14 reporting countries with data are
lumped to ‘other’,

20220318 - UID: ADCAS528-4095-4414-823-37F B2ERAGGA. Submission from 20230315

Figure 3.58 shows CO:2 implied emission factor (CO: IEF) calculated from EU submissions for 1990-
2021. CO:2 IEF shows stable trend for the whole time series. CO2 IEF equaled to 56.49 t/TJ in 2021.

Figure 3.58: 1.A.2.c Chemicals, Gaseous fuels: Implied Emission Factors for CO2 (in t/TJ)
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Figure 3.59 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021.
No significant differences between CO: IEF used by EU are occurring as also no significant
differences between CO: IEF used in 1990 and 2021 are occurring.
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Figure 3.59: 1.A.2.c Chemicals, Gaseous fuels: Implied Emission Factors for CO2 by Member States (in t/TJ)
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3.2.2.4 Pulp, Paper and Print (1.A.2.d)

This chapter provides information about European emission trend and Member States contribution to
the overall emission trend, activity data and emission factors used for emission estimates by countries
for category 1.A.2.d Pulp, Paper and Print.

IEF, 1A2b Gaseous Fuels CO2
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Wm1990 02021

Total COz emissions from 1.A.2.d amounted to 23 096 kt CO2 eqg. in 2021. The trend of total emissions
for 1990 to 2021 from category 1.A.2.d is depicted in Figure 3.60. Total CO2 emissions decreased by
23% since 1990 and increased by 6% between 2020 and 2021. CO2 emissions from 1.A.2.d Pulp,
Paper and Print accounted for 5% of 1.A.2. source category.

Figure 3.60 shows the emission trend within the category 1.A.2.d, which is dominated by CO:2
emissions from gaseous fuels in 2021. The share of liquid fuels on CO2 emissions from 1.A.2.d
decreased from 36% in 1990 to 7% in 2021. The share of solid fuels on CO2 emissions from 1.A.2.d
decreased from 23% in 1990 to 8% in 2021. The share of gaseous fuels on CO2 emissions from
1.A.2.d increased from 37% in 1990 to 80% in 2021. This sector includes a high amount of biomass
consumption which is also gradually increasing since 1990. The activity data shows a strong switch
from liquid and solid fuels to gaseous fuels and biomass.
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Figure 3.60: 1.A.2.d Pulp, Paper and Print: Total and CO2 emission and activity trends
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Data displayed as dashed line refers to the secondary axis.

Note that total CO, emissions in the figure on the left side do not include CO, from biomass whereas total activity data in

the figure on the right side includes AD biomass.

Detailed data related to the EU submissions are depicted in Table 3.33. Malta reports emissions as
‘NO’ (not occurring). Seven Member States report increase of CO2 emissions compared to level of
emissions in 1990. The most significant increase of CO2z emissions was reported by Bulgaria,
Germany, Hungary and Poland (which together represent 8% share on total EU emissions).
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Table 3.33: 1.A.2.d Pulp, Paper and Print: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method ESIDT
Emissions Informa-
1990 2020 2021 in 2021 | ktcO2 % kt CO2 % o
Austria 2 208 1800 1811 7.8% -397 -18% 11 1% T1T2 Cs,D
Belgium 644 549 563 2.4% -81 -13% 14 2% T1T3 D,PS
Bulgaria 16 95 110 0.5% 95 609% 16 17% T1,T2 cs,D
Croatia 303 115 121 0.5% -182 -60% 6 5% T1 D
Cyprus 5 3 3 0.0% 1 -28% 0 12% T1 D
Czechia 2285 472 779 3.4%| -1507 -66% 306 65% TLT2 Cs.D
Denmark 343 56 59 0.3% 284 -83% 3 5%| T1,T2,T3 cs,D
Estonia 145 63 56 0.2% -89 -61% 7 -10% T1,T2 cs,D
Finland 5330 2185 2 206 9.6%| -3123 -59% 21 1% T3 Cs.D
France 4 449 2 254 2441 10.6%| -2 008 -45% 187 8% T2 cs
Germany 4 3 11 0.0% 7 196% 3 38% cs cs
Greece 306 84 86 0.4% 220 72% 2 3% T2 cs
Hungary 74 417 380 1.6% 306 415% -36 -9%| T1,72,13| CS,D,PS
Ireland 28 18 17 0.1% 11 -40% 0 -3% T2 cs
Italy 3108 4 665 5 308 23.0% 2 200 71% 643 14% T2 cs
Latvia 168 5 6 0.0% -163 -97% 1 24% T2 cs
Lithuania 255 32 30 0.1% 225 -88% 2 5% T2 cs
Luxembourg NO,IE 0 1 0.0% 1 © 0 32% T2 cs
Malta NO NO NO - - - - - NA NA
Netherlands 1668 848 919 4.0% 750 -45% 70 8% T2 cs
Poland 284 1335 1436 6.2% 1151 405% 101 8% TLT2 Cs.D
Portugal 754 1235 968 4.2% 214 28% 267 22% T1 D
Romania NO 205 347 1.5% 347 o 142 69%| T1,72,13] CS,D,PS
Slovakia 2329 390 296 1.3%| -2033 -87% 94 -24% T2 cs
Slovenia 381 276 244 1.1% -137 -36% -33 -12%| T1,72,13| CS,D,PS
Spain 2 600 4088 4239 18.4% 1638 63% 150 4%| T1,12,73] CSDPS
Sweden 2156 616 660 2.9%| 1496 -69% 43 7% T2 cs
EU-27 29844] 21816] 23096 100%| -6 748 -23% 1281 6% - -

Emissions of Luxembourg from 1990 to 1999 are included in 1.A.2.g. Emissions of Malta are reported in 1.A.2.g.
Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

1.A.2.d Pulp, Paper and Print — Liquid Fuels (CO,)

CO:2 emissions from the use of liquid fuels in category 1.A.2.d amounted 1 710 kt in 2021 for EU. CO2
emissions decreased compared to year 1990 by 84% and compared to 2020 increased by 4%.
Category has 0.4% share on total CO2 equivalent emissions from category 1.A.2. Fuel consumption
decreased by 84% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.34. Luxembourg, Malta and
Netherlands report emissions as ‘NO’ (not occurring). Germany reports emissions as ‘IE’ (include
elsewhere) and reports them in 1.A.2.g Other. Six Member States use Tier 1 methodology for
emission estimates, the rest of countries use higher tiers or combination of tiers (as it is calculated in
chapter 3.2.1 approximately 92% of EU emissions were calculated by using higher Tier methods or
combination of methods in category 1.A.2.d — Liquid Fuels (COz)). All Member States reported lower
level of emissions in 2021 than in 1990 (except of Poland, which has 9% share on total EU emissions
in 2021).
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Table 3.34: 1.A.2.d Pulp, Paper and Print, Liquid fuels: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % o
Austria 853 13 20 1.2% -833 -98% 6 48% T2 CS
Belgium 235 8 5 0.3% -230 -98% -3 -41% T1,T3 D,PS
Bulgaria 16 1 1 0.1% -14 -91% 0 8% NA NA
Croatia 58 2 3 0.2% -56 -95% 0 13% T1 D
Cyprus 5 3 3 0.2% -1 -28% 0 12% T1 D
Czechia 461 11 10 0.6% -450 -98% 0 -1% T1 CS,D
Denmark 94 5 6 0.4% -88 -93% 2 41% T1,T2 CS,D
Estonia 145 1 1 0.0% -145 -100% 0 5% T1,T2 CS,D
Finland 1138 398 369 21.6% -768 -68% -29 -71% T3 CS
France 1352 107 211 12.4% -1141 -84% 105 98% T2 CS
Germany IE IE IE - - - - - NA NA
Greece 302 51 50 2.9% -252 -83% -1 -1% T2 CS
Hungary 19 3 3 0.2% -16 -84% 0 0% T1 D
Ireland 28 2 2 0.1% -27 -93% 0 4% T2 CS
Italy 1017 15 27 1.6% -989 -97% 12 78% T2 CS
Latvia 16 0 0 0.0% -15 -98% 0 25% T2 CS
Lithuania 69 1 1 0.1% -67 -98% 0 35% T2 CS
Luxembourg IE NO NO - - - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands 2 NO NO - -2 -100% - - NA NA
Poland 106 114 150 8.8% 44 42% 36 31% T1,72 CS,D
Portugal 754 239 113 6.6% -641 -85% -126 -53% T1 D
Romania NO 1 2 0.1% 2 0 0 26% T1,T2 CS,D
Slovakia 985 3 3 0.1% -982 -100% 0 -6% T2 CS
Slovenia 98 1 3 0.2% -95 -97% 2 206% T1 D
Spain 1247 155 170 9.9% -1077 -86% 15 10%| T1,T2,T3| CS,D,PS
Sweden 1786 513 555 32.5% -1 230 -69% 43 8% T2 CS
EU-27 10 783 1647 1710 100%: -9 074 -84% 63 4% - -

Emissions of Germany are included in 1.A.2.g.
Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.61 shows CO2 emissions trend as well as the share of countries with the highest contribution
to the total CO2 emissions. It can be seen that the highest shares on total CO2 emissions (above the
average share calculated for EU) correspond to Sweden (32%), Finland (22%), France (12%), Spain
(10%), Poland (9%) and Portugal (7%) which together represent 92% share on EU emissions.
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Figure 3.61: 1.A.2.d Pulp, Paper and Print, Liquid fuels: Emission trend and share for CO2
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Figure.3.62 shows CO:2 implied emission factor (CO: IEF) calculated from EU submissions for 1990-
2021. It can be seen that CO: IEF is decreasing during whole time period, which is caused by
increasing consumption of Liquified Petroleum Gas with lower CO2 |IEF and decreasing consumption
of Heavy Fuel Oil with higher CO2 IEF. Peak in 2014 IEF was caused by SWE which reported data as
C but it is reflected in EU IEF estimation for that year. COz IEF equaled to 74.82 t/TJ in 2021.

Figure.3.62: 1.A.2.d Pulp, Paper and Print, Liquid fuels: Implied Emission Factors for CO2 (in t/TJ)
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Figure.3.63 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021.
No major differences between countries COz IEF occur.
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Figure.3.63: 1.A.2.d Pulp, Paper and Print, Liquid fuels: Implied Emission Factors for CO2 by Member States (in

yTJ)
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1.A.2.d Pulp, Paper and Print - Solid Fuels (COy)
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CO:2 emissions from the use of solid fuels in category 1.A.2.d amounted 1 882 kt in 2021 for EU. CO2
emissions decreased compared to year 1990 by 72% and almost without the change between current
and previous year submission. This category represents 0.4% of total CO2 equivalent emissions from
category 1.A.2. Fuel consumption decreased by 71% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.35. Fifteen Member States report
emissions as ‘NO’ (not occurring). Germany reports emissions as ‘IE’ (include elsewhere) and reports
them in 1.A.2.g Other. Belgium uses for emission estimates Tier 1 methodology, the rest of countries
use higher tiers or combination of tiers (as it is calculated in chapter 3.2.1 approximately 96% of EU
emissions were calculated by using higher Tier methods or combination of methods in category
1.A.2.d — Solid Fuels (CO2)). All Member States reported lower level of emissions in 2021 than in 1990
(except for Hungary and Poland which together have 43% share on EU emissions).
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Table 3.35: 1.A.2.d Pulp, Paper and Print, solid fuels: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % o
Austria 398 298 210 11.1% -189 -47% -88 -30% T2 CS
Belgium 128 95 73 3.9% -55 -43% -22 -23% T1 D
Bulgaria NO 4 11 0.6% 11 w 7 174% T1,72 Cs,D
Croatia 68 NO NO - -68 -100% - - NA NA
Cyprus NO NO NO - - - - - NA NA!
Czechia 1646 169 361 19.2% -1 285 -78% 192 114% T2 CS,D
Denmark 125 NO NO - -125 -100% - - NA NA
Estonia NO NO NO - - - - - NA NA
Finland 1318 164 224 11.9% -1 094 -83% 60 37% T3 CS
France 1034 51 57 3.0% -977 -95% 6 12% T2 CS
Germany IE IE IE - - - - - NA NA
Greece 4 NO NO - -4 -100% - - NA NA
Hungary 6 189 130 6.9% 125 2239% -59 -31% T3 PS
Ireland NO NO NO - - - - - NA NA
Italy 6 NO NO - -6 -100% - - NA NA
Latvia 3 NO NO - -3 -100% - - NA NA
Lithuania NO NO NO - - - - - NA NA
Luxembourg NO NO NO - - - - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands 8 NO NO - -8 -100% - - NA NA
Poland 173 628 681 36.2% 508 294% 53 8% T1,72 CS,D
Portugal NO NO NO - - - - - NA NA
Romania NO NO NO - - - - - NA NA
Slovakia 1142 205 102 5.4% -1 040 -91% -102 -50% T2 CS
Slovenia 172 64 27 1.4% -145 -84% -37 -58% T3 PS
Spain 277 NO NO - -277 -100% - - NA NA
Sweden 265 13 7 0.4% -258 -97% -6 -49% T2 CS
EU-27 6 770 1879 1882 100%: -4 888 -72% 3 0% - -

Emissions of Germany are included in 1.A.2.g.
Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.64 shows CO2 emissions trend as well as the share of the countries with the highest
contribution to the total CO2 emissions. It can be seen that the highest shares on total CO2 emissions
(above the average share calculated for EU) correspond to Poland (36%), Czechia (19%), Finland

(12%) and Austria (11%) which together represent 78% share on EU emissions.
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Figure 3.64: 1.A.2.d Pulp, Paper and Print, Solid fuels: Emission trend and share for CO2
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Figure 3.65 shows CO:2 implied emission factor (CO: IEF) calculated from EU submissions for 1990-
2021. CO:2 IEF equalled to 93.81 t/TJ in 2021.

Figure 3.65: 1.A.2.d Pulp, Paper and Print, Solid fuels: Implied Emission Factors for CO2 (in t/TJ)
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Figure 3.66 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021.
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Figure 3.66: 1.A.2.d Pulp, Paper and Print, Solid fuels: Implied Emission Factors for CO, by Member States (in t/TJ)
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1.A.2.d Pulp, Paper and Print - Gaseous Fuels (CO2)

CO:2 emissions from the use of gaseous fuels in category 1.A.2.d amounted 18 452 kt in 2021 for EU.
CO:2 emissions increased compared to year 1990 by 66% and compared to 2020 by 8%. This category
has 4% share on total COz equivalent emissions from category 1.A.2. Fuel consumption increased by
64% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.36. Cyprus and Malta report
emissions as ‘NO’ (not occurring). Germany reports emissions as ‘IE’ (include elsewhere) and reports
them in 1.A.2.g Other. Belgium, Croatia and Portugal use Tier 1 methodology for emission estimates,
the rest of Member States use higher tiers or combination of tiers (as it is calculated in chapter 3.2.1
approximately 93% of EU emissions were calculated by using higher Tier methods or combination of
methods in category 1.A.2.d — Gaseous Fuels (COz)). Seven Member States reported lower level of
emissions in 2021 than in 1990, the rest of Member States reported increase of emissions compared
to 1990. Most rapid increase of emissions compared to 1990 was reported by Poland, Spain, Hungary,
Italy and Czechia (which together have 57% share on total EU emissions).
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Table 3.36: 1.A.2.d Pulp, Paper and Print, Gaseous fuels: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % e
Austria 943 1480 1580 8.6% 637 68% 100 7% T2 CS
Belgium 282 328 353 1.9% 72 25% 25 8% T1 D
Bulgaria NO 89 97 0.5% 97 s 8 9% T2 CS
Croatia 177 113 119 0.6% -58 -33% 6 5% T1 D
Cyprus NO NO NO - - - - - NA NA!
Czechia 179 293 407 2.2% 229 128% 115 39% T2 CS
Denmark 124 51 52 0.3% -72 -58% 1 2% T3 CS
Estonia NO 62 56 0.3% 56 0 -7 -11% T2 CS
Finland 1757 856 934 5.1% -823 -47% 78 9% T3 CS
France 2 063 2077 2 146 11.6% 83 4% 69 3% T2 CS
Germany IE IE IE - - - - - NA NA
Greece NO 34 36 0.2% 36 [ 3 8% T2 CS
Hungary 50 127 149 0.8% 99 200% 21 17% T2 CS
Ireland NO 16 15 0.1% 15 0 -1 -4% T2 CS
Italy 2 085 4 649 5 280 28.6% 3196 153% 631 14% T2 CS
Latvia 150 4 5 0.0% -145 -96% 1 24% T2 CS
Lithuania 187 31 29 0.2% -158 -85% -2 -6% T2 CS
Luxembourg IE 0 1 0.0% 1 0 0 32% T2 CS
Malta NO NO NO - - - - - NA NA
Netherlands 1659 848 919 5.0% -740 -45% 70 8% T2 CS
Poland 6 517 547 3.0% 541 9704% 30 6% T2 CS
Portugal NO 996 855 4.6% 855 0 -141 -14% Tl D
Romania NO 190 330 1.8% 330 0 140 74% T2,T3 CS,PS
Slovakia 203 183 191 1.0% -11 -6% 8 4% T2 CS
Slovenia 110 209 213 1.2% 103 93% 4 2% T2 CS
Spain 1077 3934 4 069 22.1% 2992 278% 135 3% T2,T3 CS,PS
Sweden 66 58 68 0.4% 2 4% 10 17% T2 CS
EU-27 11 115 17 146 18 452 100%: 7 337 66% 1 306 8% - -

Emissions of Germany are included in 1.A.2.g.
Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.67 shows CO2 emissions trend as well as the share of the countries with the highest
contribution to the total CO2 emissions. It can be seen that the highest share on total CO2 emissions
(above the average share calculated for EU) correspond to Italy (29%), Spain (22%), France (11%),
Austria (9%) and Finland, Netherlands and Portugal (5%) which together have 86% share on EU
emissions.
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Figure 3.67: 1.A.2.d Pulp, Paper and Print, Gaseous fuels: Emission trend and share for CO2
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Figure 3.68 shows CO:2 implied emission factor (CO: IEF) calculated from EU submissions for 1990-
2021. CO:2 IEF shows relatively stable slightly increasing trend without major fluctuations for whole
time series. The main reason for increasing trend of the CO: IEF is the growing share of Italy and

Spain on total EU emissions; their CO2 IEFs have been slightly growing since 1990. CO: IEF equalled
to 56.87 t/TJ in 2021.

Figure 3.68: 1.A.2.d Pulp, Paper and Print, Gaseous fuels: Implied Emission Factors for CO2 (in t/TJ)
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Figure 3.69 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021.
It can be seen that no major differences between CO:z IEF used by countries occur, also no major
differences between 1990 and 2021 CO: IEFs occur.
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Figure 3.69: 1.A.2.d Pulp, Paper and Print, Gaseous fuels: Implied Emission Factors for CO2 by Member States
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3.2.2.5 Food Processing, Beverages and Tobacco (1.A.2.e)
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This chapter provides information about European emission trend, Member States contribution to the
overall emission trend, activity data and emission factors used for emission estimates by countries for
category 1.A.2.e Food Processing, Beverages and Tobacco.

Total CO2 emissions from 1.A.2.e amounted to 36 143 kt CO: eq. in 2021. The trend of total CO2
emissions for 1990 to 2021 from category 1.A.2.e is depicted in Figure 3.70. Total CO2 emissions
decreased by 20% since 1990 and increased by 6% between 2020 and 2021. CO2 emissions from
1.A.2.e Food Processing, Beverages and Tobacco accounted for 8% of 1.A.2. source category.

Figure 3.70 shows the emission trend within the category 1.A.2.e, which is dominated by CO:2
emissions from gaseous fuels in 2021. The share of liquid fuels on CO2 emissions from 1.A.2.e
decreased from 39% in 1990 to 7% in 2021. The share of solid fuels on CO2 emissions from 1.A.2.e
decreased from 26% in 1990 to 10% in 2021. The share of gaseous fuels on CO2 emissions from
1.A.2.e increased from 35% in 1990 to 82% in 2021.
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Figure 3.70: 1.A.2.e Food Processing, Beverages and Tobacco: Total and CO2 emission and activity trends
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Data displayed as dashed line refers to the secondary axis.

Detailed data related to the EU submissions are depicted in Table 3.37. Malta reports emissions as
‘NO’ (not occurring). Five Member States reported increase of CO2 emissions compared to level of
emissions in 1990. The highest increase of CO2 emissions was reported by Romania which represent
3% share on total EU emissions.
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Table 3.37: 1.A.2.e Food Processing, Beverages and Tobacco: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method ESIDT
Emissions Informa-
1990 2020 2021 in 2021 | ktcO2 % kt CO2 % o
Austria 870 790 794 2.2% 75 9% 5 1% T1T2 Cs,D
Belgium 3023 2 295 2463 6.8% 560 -19% 168 7% T1T3 D,PS
Bulgaria 454 223 318 0.9% -136 -30% 95 43% T1,T2 cs,D
Croatia 729 295 242 0.7% -487 -67% 53 -18% T1 D
Cyprus 73 62 64 0.2% 9 -12% 2 3% T1 D
Czechia 2988 995 1181 3.3%| -1807 -60% 186 19% TLT2 Cs.D
Denmark 1651 901 907 2.5% 744 -45% 6 1%| T1,72,T3 cs,D
Estonia 695 03 82 0.2% 613 -88% -16 -16% T1,T2 cs,D
Finland 828 125 102 0.3% 726 -88% -23 -18% T3 Cs.D
France 8 524 7621 8 232 22.8% 292 3% 611 8% T2 cs
Germany 2016 161 150 04%| -1866 -93% 11 % cs cs
Greece 917 555 611 1.7% -305 -33% 56 10% T1,T2 Cs,D
Hungary 2029 841 868 2.4%|  -1161 57% 27 3% TLT2 Cs.D
Ireland 1017 1090 1069 3.0% 51 5% 22 2% TLT2 Cs.D
Italy 3891 3472 3815 10.6% 76 2% 343 10% T2 cs
Latvia 840 83 93 0.3% 747 -89% 6 6% T1T2 Cs,D
Lithuania 676 242 236 0.7% -441 -65% 7 -3% T2 cs
Luxembourg 5 12 14 0.0% 8 155% 1 12%| T1,72,T3 Cs.D
Malta NO NO NO - - - - - NA NA
Netherlands 4009 3451 3529 9.8% -480 -12% 79 2% T2 cs
Poland 3715 4177 4149 11.5% 434 12% 28 1% TLT2 Cs.D
Portugal 830 740 706 2.0% 125 -15% 34 5% T1 CR,D
Romania 132 925 936 2.6% 804 611% 11 1%| T11,72,T3] CSD,PS
Slovakia 1140 342 321 0.9% -819 72% 21 6% T2 cs
Slovenia 221 01 95 0.3% -126 57% 4 4% TLT2 Cs.D
Spain 2998 4 356 4901 13.6% 1903 63% 545 13% TLT2 Cs,.D
Sweden 945 274 264 0.7% 682 72% 11 -4% T2 cs
EU-27 45218] 34222| 36143 100%| -9 074 -20% 1921 6% - -

Emissions of Malta are included in 1.A.2.g.
Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

1.A.2.e Food Processing, Beverages and Tobacco - Liquid Fuels (CO>)

CO:2 emissions from the use of liquid fuels in category 1.A.2.e amounted 2 593 kt in 2021 for EU. CO2
emissions decreased compared to year 1990 by 85% and compared to 2020 increased by 3%. This
category represents 0.6% share of total CO2 equivalent emissions from category 1.A.2. Fuel
consumption decreased by 84% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.38. Malta reports emissions as
‘NO’ (not occurring). Nine Member States use for emission estimates Tier 1 methodology, the rest of
Member States use higher tiers or combination of tiers (as it is calculated in chapter 3.2.1
approximately 69% of countries emissions were calculated by using higher Tier methods or
combination of methods in category 1.A.2.e — Liquid Fuels (COz)). All countries reported lower level of
emissions in 2021 than in 1990 (except for Luxembourg which has 0.1% share on EU emissions).
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Table 3.38: 1.A.2.e Food Processing, Beverages and Tobacco, liquid fuels: Member States contributions to CO2

emissions
CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 SultEllely
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % o
Austria 345 29 38 1.5% -307 -89% 9 30% T2 [
Belgium 1689 44 44 1.8% -1 644 -97% 1 2% T1 D
Bulgaria 409 25 23 0.9% -387 -94% -2 -10% T1 D
Croatia 342 44 45 1.8% -298 -87% 1 2% T1 D
Cyprus 73 62 64 2.6% -9 -12% 2 3% T1 D
Czechia 472 21 27 1.1% -445 -94% 5 24% T1 CS,D
Denmark 786 202 195 7.8% -590 -75% -6 -3% T1,T2 CSs,D
Estonia 695 28 22 0.9% -673 -97% -6 -21% T1,T2 CS,D
Finland 365 68 51 2.0% -314 -86% -17 -25% T3 cs
France 2995 194 387 15.5% -2 608 -87% 193 99% T2 cs
Germany 908 14 9 0.3% -899 -99% -5 -36% cs [
Greece 863 443 457 18.3% -406 -47% 14 3% T2 cs
Hungary 616 32 26 1.0% -589 -96% -6 -18% T1 D
Ireland 433 191 189 7.5% -244 -56% -2 -1% T1,T2 CS,D
Italy 1424 50 13 0.5% -1 411 -99% -37 -75% T2 [
Latvia 565 9 6 0.3% -559 -99% -3 -31% T2 CS
Lithuania 174 36 32 1.3% -142 -82% -4 -11% T2 [
Luxembourg 2 3 3 0.1% 1 78% 0 -5% T1,T3 CS,D
Malta NO NO NO - - - - - NA NA
Netherlands 165 0 0 0.0% -164 -100% 0 -12% NA NA
Poland 232 175 171 6.8% -61 -26% -4 -2% T1,T2 CS,D
Portugal 829 171 151 6.0% -678 -82% -20 -12% T1 CR,D
Romania NO 114 119 4.7% 119 o 5 50%| T1,72,T3] CS,D,PS
Slovakia 359 1 1 0.0% -358 -100% 0 -13% T2 cs
Slovenia 146 19 17 0.7% -129 -89% -2 -12% T1 D
Spain 2 244 539 413 16.5% -1831 -82% -126 -23% T1 D
Sweden 596 [ 92 3.7% -505 -85% 92 w T2 [
EU-27 17 129 2513 2502 100%| -14 627 -85% -11 0% - -

EU trends in this table do not include Sweden for confidentiality reasons and to preserve time series consistency for the

EU. This also explains the differences between the numbers in this table and the CRF.

Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.71 shows CO2 emissions trend as well as the share of the countries with the highest
contribution to the total CO2 emissions. It can be seen that the highest shares on total CO2 emissions
(above the average share calculated for EU) correspond to Greece (18%), Spain (16%), France
(15%), Denmark (8%), Ireland (7%), Poland (7%), Portugal (6%) and Romania (5%) which together
represent 80% share on EU emissions.
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Figure 3.71: 1.A.2.e Food Processing, Beverages and Tobacco, Liquid fuels: Emission trend and share for CO2
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Figure 3.72 shows CO:2 implied emission factor (CO: IEF) calculated from EU submissions for 1990-
2021. It can be seen that whole time series CO2 IEF has decreasing trend with minor fluctuation
between 2014 and 2018. CO: IEF equalled to 72.16 t/TJ in 2021.

Figure 3.72: 1.A.2.e Food Processing, Beverages and Tobacco, Liquid fuels: Implied Emission Factors for CO2 (in
t/TJ)
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Figure 3.73 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021.
It can be seen that no major differences between CO:z IEF used by countries occur. Also, no major
differences between CO:z IEF calculated in 1990 and 2021 occur.
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Figure 3.73: 1.A.2.e Food Processing, Beverages and Tobacco, Liquid fuels: Implied Emissions for CO, by Member States (in
t/TJ)
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1.A.2.e Food Processing Beverages and Tobacco - Solid Fuels (COy)

CO2 emissions from the use of solid fuels in category 1.A.2.e amounted 3 785 kt in 2021 for EU. CO2
emissions decreased compared to year 1990 by 67% and compared to 2020 increased by 1%. This
category represents 0.9% of total CO2 equivalent emissions from category 1.A.2. Fuel consumption
decreased by 67% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.39. Eight Member States report
emissions as ‘NO’ (not occurring). Belgium, Croatia and Denmark use for emission estimates Tier 1
methodology, the rest of countries use higher tiers or combination of tiers (as it is calculated in chapter
3.2.1 approximately 95% of EU emissions were calculated by using higher Tier methods or
combination of methods in category 1.A.2.e — Solid Fuels (COz)). All countries reported lower level of
emissions in 2021 than in 1990.
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Table 3.39: 1.A.2.e Food Processing, Beverages and Tobacco, Solid fuels: Member States contributions to CO2

emissions
CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 SultEllely
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % -
Austria 18 12 13 0.4% -5 -26% 1 13% T2 CS
Belgium 651 88 42 1.1% -608 -93% -46 -52% T1 D
Bulgaria 33 4 4 0.1% -29 -88% 0 13% T1,72 CS,D
Croatia 207 32 6 0.2% -201 -97% -26 -82% T1 D
Cyprus NO NO NO - - - - - NA NA
Czechia 1789 180 310 8.2% -1479 -83% 131 73% T2 CS,D
Denmark 399 116 124 3.3% -275 -69% 8 7% T1 D
Estonia NO NO NO - - - - - NA NA
Finland 257 36 19 0.5% -237 -92% -17 -46% T3 CS
France 2083 798 917 24.2% -1 166 -56% 118 15% T2 CS
Germany 1108 147 141 3.7% -967 -87% -6 -4% CS CS
Greece 54 NO NO - -54 -100% - - NA NA
Hungary 185 6 6 0.2% -179 -97% 0 0% T1,T2 CS,D
Ireland 292 NO NO - -292 -100% - NA NA
Italy 87 NO 5 0.1% -82 -95% 5 0 NA NA
Latvia 100 2 1 0.0% -99 -99% -1 -35% T2 CS
Lithuania 33 10 8 0.2% -25 -76% -3 -24% T2 CS
Luxembourg NO NO NO - - - - - NA NA
Malta NO NO NO - - - - - NA NA
Netherlands 227 71 79 2.1% -148 -65% 8 12% T2 CS
Poland 3374 2101 1998 52.8% -1 376 -41% -102 -5% T1,T2 CS,D
Portugal 1 NO NO - -1 -100% - - NA NA
Romania 132 5 5 0.1% -126 -96% 0 8% T2,T3 CS,PS
Slovakia 312 47 9 0.2% -303 -97% -38 -82% T2 CS
Slovenia 9 NO NO - -9 -100% - - NA NA
Spain 94 67 84 2.2% -10 -10% 17 26% T1,72 CS,D
Sweden 91 11 13 0.3% -78 -86% 1 12% T2 CS
EU-27 11 536 3734 3785 100%: -7 750 -67% 52 1% - -

Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.74 shows CO2 emissions trend as well as the share of the countries with the highest
contribution to the total CO2 emissions. It can be seen that the highest shares on total CO2 emissions
(above the average share calculated for EU) correspond to Poland (53%), France (24%) and Czechia
(8%) which together represent 85% share on EU emissions.
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Figure 3.74: 1.A.2.e Food Processing, Beverages and Tobacco, solid fuels: Emission trend and share for CO2
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Figure 3.75 shows CO:2 implied emission factor (CO: IEF) calculated from EU submissions for 1990-
2021. It can be seen that CO: IEF is relatively stable during whole time period with slightly increasing
trend since 2006. CO: IEF equalled to 95.55 t/TJ in 2021.

Figure 3.75: 1.A.2.e Food Processing, Beverages and Tobacco, Solid fuels: Implied Emission Factors for COz (in

t/TJ)
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Figure 3.76 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021.
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Figure 3.76: 1.A.2.e Food Processing, Beverages and Tobacco, Solid fuels: Implied Emission Factors for CO2 by
Member States (in t/TJ)
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CO:2 emissions from the use of gaseous fuels in category 1.A.2.e amounted 29 679 kt in 2021 for EU.
CO:2 emissions increased compared to year 1990 by 88% and by 7% compared to 2020. This category
represents 7% of total CO2 equivalent emissions from category 1.A.2. Fuel consumption increased by
86% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.40. Cyprus and Malta report
emissions as ‘NO’ (not occurring). For confidentiality reasons Germany reports emissions in 1.A.2.g.
Croatia and Portugal use Tier 1 methodology for emission estimates, the rest of Member States use
higher tiers or combination of tiers (as it is calculated in chapter 3.2.1 approximately 97% of EU
emissions were calculated by using higher Tier methods or combination of methods in category
1.A.2.e — Gaseous Fuels (COz2)). Seven Member States reported lower level of emissions in 2021 than
in 1990, the rest of countries reported increase of emissions.
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Table 3.40: 1.A.2.e Food Processing, Beverages and Tobacco, gaseous fuels: Member States contributions to
CO:2 emissions and information on method applied and emission factor

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 SultEllely
Member State .27. Method factor
Emissions Informa-
1990 2020 2021 in 2021 kt CO2 % kt CO2 % i
Austria 507 749 743 2.5% 237 47% -5 -1% T2 CS
Belgium 684 2163 2 377 8.0% 1692 247% 213 10% T1,T3 D,PS
Bulgaria 11 194 291 1.0% 280 2448% 97 50% T2 CS
Croatia 180 219 191 0.6% 11 6% -27 -12% T1 D
Cyprus NO NO NO - - - - - NA NA
Czechia 727 794 844 2.8% 117 16% 51 6% T2 CS
Denmark 466 583 588 2.0% 122 26% 4 1% T3 CS
Estonia NO 70 60 0.2% 60 I -10 -14% T2 CS
Finland 67 21 31 0.1% -36 -53% 10 49% T3 CS
France 3 446 6 628 6 870 23.1% 3424 99% 241 4% T2 CS
Germany IE IE IE - - - - - NA NA
Greece NO 112 154 0.5% 154 0 42 38% T2 CS
Hungary 1228 803 835 2.8% -393 -32% 32 4% T2 CS
Ireland 293 900 880 3.0% 587 200% -19 -2% T2 CS
Italy 2 380 3422 3797 12.8% 1417 60% 375 11% T2 CS
Latvia 175 77 86 0.3% -89 -51% 9 12% T2 CS
Lithuania 469 196 196 0.7% -273 -58% 0 0% T2 CS
Luxembourg 4 9 11 0.0% 7 188% 2 17% T2 CS
Malta NO NO NO - - - - - NA NA
Netherlands 3617 3379 3 450 11.6% -167 -5% 71 2% T2 CS
Poland 109 1901 1980 6.7% 1871 1716% 78 4% T2 CS
Portugal NO 569 555 1.9% 555 i -14 -3% Tl D
Romania NO 782 786 2.6% 786 s 4 0% T2,T3 CS,PS
Slovakia 470 294 312 1.1% -158 -34% 18 6% T2 CS
Slovenia 66 72 78 0.3% 13 19% 6 8% T2 CS
Spain 660 3750 4 404 14.8% 3744 567% 654 17% T2 CS
Sweden 254 171 159 0.5% -94 -37% -11 -7% T2 CS
EU-27 15 813 27 859 29 679 100%: 13 866 88% 1820 7% - -

Emissions of Germany included in 1.A.2.g.

Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.77 shows CO2 emissions trend as well as the share of the countries with the highest
contribution to the total CO2 emissions. It can be seen that the highest shares on total CO2 emissions
(above the average share calculated for EU) correspond to France (23%), Spain (15%), Italy (13%),

Netherland (12%), Belgium (8%) and Poland (7%) which together represent 77% share on EU

emissions.
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Figure 3.77: 1.A.2.e Food Processing, Beverages and Tobacco, Gaseous fuels: Emission trend and share for CO2

1.A.2.e Gaseous Fuels - Food Processing Beverages and Tobacco: CO2
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Figure 3.78 shows CO:2 implied emission factor (CO: IEF) calculated from EU submissions for 1990-
2021 which is stable during whole time period. CO2 IEF equalled to 56.39 t/TJ in 2021.

Figure 3.78: 1.A.2.e Food Processing, Beverages and Tobacco, Gaseous fuels: Implied Emission Factors for CO2
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Figure 3.79 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021.
It can be seen that no major differences between CO:z IEF used by countries occur, also no major
differences between CO: IEF calculated by countries for 1990 and 2021 occur.
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Figure 3.79: 1.A.2.e Food Processing, Beverages and Tobacco, Gaseous fuels: Implied Emission Factors for CO2
by Member States (in t/TJ)
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3.2.2.6 Non-metallic Minerals (1.A.2.f)

This chapter provides information about European emission trend, Member States contribution to the
overall emission trend, activity data and emission factors used for emission estimates by countries for
category 1.A.2.f Non-metallic Minerals.
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Total COz emissions from 1.A.2.f amounted to 83 196 kt CO: eq. in 2021. The trend of total emissions
for 1990 to 2021 from category 1.A.2.f is depicted in Figure 3.80. Total CO2 emissions decreased by
35% since 1990 and increased by 3% between 2020 and 2021. The sharp decline in 2009 is due to
the economic crisis and sharp decline in building activity. CO2 emissions from 1.A.2.f Non-metallic
Minerals accounted for 19% of 1.A.2. source category.

Figure 3.80 shows the emission trend within the category 1.A.2.f, which is dominated by CO:2
emissions from gaseous fuels in 2021. The share of liquid fuels on CO2 emissions from 1.A.2.f
decreased from 36% in 1990 to 24% in 2021. The share of solid fuels on CO2 emissions from 1.A.2.f
decreased from 41% in 1990 to 17% in 2021. The share of gaseous fuels on CO2 emissions from
1.A.2.f increased from 22% in 1990 to 41% in 2021.
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Figure 3.80: 1.A.2.f Non-metallic Minerals: Activity data and CO2 emission trends

Mt CO2 equivalents

Emissions Trend 1A2f

140 0.05

et 1 A2f Total GHG
et CO2 Solid Fuels

e CO2 Liquid Fuels

ey CO2 Gaseous Fuels
CO2 Other Fuels

s CO2 Biomass

= = = CO2 Peat

Mt CO, equivalents

Activity Data Trend 1A2f

2000 000

1800000

1600 000

1400 000

1200 000

1000 000 \

800 000

600 000

400 000

200 000

0

e AD 1A2f
et AD Solid Fuels
s AD Biomass
= = = AD Peat

== AD Liquid Fuels
e AD Gaseous Fuels

AD Other Fuels

400

360

320

240

200

160

120

80

Data displayed as dashed line refers to the secondary axis.

Detailed data related to the EU submissions are depicted in Table.3.41. Malta reports emissions as
‘NO’ (not occurring). Six Member States reported increase of CO2 emissions compared to level of
emissions in 1990. The highest increase of CO2 emission was reported by Romania (1316%) which

represents almost 5% share on total EU emissions.
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Table.3.41: 1.A.2.f Non-metallic Minerals: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method ESIDT
Emissions Informa-
1990 2020 2021 in 2021 | ktcO2 % kt CO2 % o
Austria 1669 1654 1682 2.0% 13 1% 27 2% T1T2 Cs,D
Belgium 5 525 3070 3137 3.8%| -2388 -43% 68 2% T1T3 D,PS
Bulgaria 2 646 1007 1024 1.2%| 1622 -61% 17 2% T1,T2 cs,D
Croatia 1924 1257 1362 1.6% 562 29% 105 8% T1 D
Cyprus 380 419 386 0.5% 7 2% -33 -8% Cs,T1 Cs.D
Czechia 4527 2629 2671 3.2%| 1857 -41% 42 2% TLT2 Cs.D
Denmark 1346 1539 1465 1.8% 119 9% 74 -5%| T1,72,T3| CS,D,PS
Estonia 1053 114 85 0.1% 968 -92% 29 -25%| T1,T2,T3] CS,D,PS
Finland 1368 568 584 0.7% 784 57% 16 3% T3 Cs.D
France 15 223 8 927 9552 115%| 5671 37% 626 7% T2,73] CSPS
Germany 18507] 12560 12150 14.6%| -6 358 -34% -411 -3% cs cs
Greece 6 278 2719 2647 3.2%| -3632 -58% 72 -3% T1,T2| CS,D,PS
Hungary 2341 1094 1143 1.4%|  -1198 -51% 49 4%| T1,12,73| CSDPS
Ireland 819 1058 1218 1.5% 399 49% 160 15%| T1,72,T3] CS,D,PS
Italy 21045 10348] 11194 13.5%| -9851 -47% 846 8% T2 cs
Latvia 599 292 264 0.3% 335 -56% 28 -10% T1,T2| CS,D,PS
Lithuania 3210 414 484 0.6%| -2726 -85% 70 17% T2| Cs,0TH
Luxembourg 537 357 334 0.4% 202 -38% 22 -6%| T1,72,T3| CS,D,PS
Malta NO NO NO - - - - - NA NA
Netherlands 2 298 1193 1216 15%| -1081 -47% 24 2% T2 cs
Poland 10 340 8977 9201 11.1%|  -1139 11% 223 2% TLT2 Cs.D
Portugal 3 289 2 605 2509 3.0% 780 24% 96 -4% T1,T3 D,PS
Romania 285 3631 4036 4.9% 3751] 1316% 405 11%| T11,72,T3] CSD,PS
Slovakia 3408 1408 1424 1.7%| -1984 -58% 16 1% T2 cs
Slovenia 297 435 456 0.5% 159 53% 21 5%| T1,72,73] CSDpPS
Spain 16573 11226] 11908 14.3%| -4 665 -28% 633 6% T1,72| CSDPS
Sweden 1832 1126 1064 1.3% 768 -42% 61 5% T1,T2 cs
EU-27 127319] 80624] 83196 100%| -44 123 -35% 2572 3% - -

Malta includes emissions under 1.A.2.g.
Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

1.A.2.f Non-metallic Minerals - Liquid Fuels (CO)

CO:2 emissions from the use of liquid fuels in category 1.A.2.f amounted 20 068 kt in 2021 for EU. CO2
emissions decreased compared to year 1990 by 56% and compared to 2020 increased by 2%.
Category has 4.6% share on total CO2 equivalent emissions from category 1.A.2. Fuel consumption
decreased by 60% compared to 1990. One of the reasons for the decline is increase in the use of
waste as a fuel.

Detailed data related to the EU submissions are depicted in Table 3.42. Sweden reports emissions as
‘C’ (confidential) since 2016 in order to comply with the Public Access to Information and Secrecy Act
of the Swedish law. This decision was made based on the results of the internal review. Malta reports
emissions as ‘NO’ (not occurring). Four Member States use Tier 1 methodology for emission
estimates, the rest of countries use higher tiers or combination of tiers (as it is calculated in chapter
3.2.1 approximately 96% of EU emissions were calculated by using higher Tier methods or
combination of methods in category 1.A.2.f — Liquid Fuels (COz)). Four Member States reported higher
level of emissions in 2021 than in 1990.
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Table 3.42: 1.A.2.f Non-metallic Minerals , liquid fuels: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method ESIDT
Emissions Informa-
1990 2020 2021 in 2021 | ktcO2 % kt CO2 % o
Austria 508 79 147 0.7% -361 71% 68 87% T2 cs
Belgium 1509 324 278 1.4%|  -1231 -82% 47 -14% T1T3 D,PS
Bulgaria 666 242 97 0.5% -569 -85% -145 -60% T1 D
Croatia 745 354 352 1.8% 392 -53% -1 0% T1 D
Cyprus 148 215 97 0.5% 51 -35% -118 -55% cs cs
Czechia 1029 44 39 0.2% 991 -96% 5 11% T1 Cs.D
Denmark 535 774 684 3.5% 149 28% -90 -12% T1LT2 cs,D
Estonia 448 0 0 0.0% 448  -100% 0 0% T1,T2 cs,D
Finland 437 263 268 1.4% -169 -39% 4 2% T3 cs
France 6 081 2482 2 687 13.6%| -3 395 -56% 205 8% T2,73] CSPS
Germany 2 663 903 018 4.6%| 1745 -66% 15 2% cs cs
Greece 2914 1968 1859 9.4%| -1055 -36% -109 6% T2 PS
Hungary 453 294 202 1.0% 251 -55% -92 -31% TLT2 Cs.D
Ireland 312 521 583 3.0% 276 88% 67 13% TLT2 Cs.D
Italy 11 359 2974 3905 19.7%| 7454 -66% 931 31% T2 cs
Latvia 267 6 0 0.0% 267]  -100% 6 -99% T2 cs
Lithuania 2750 10 12 01%| -2738] -100% 2 22% T2 cs
Luxembourg 23 3 4 0.0% -19 -84% 1 34% T2 cs
Malta NO NO NO - - - - - NA NA
Netherlands 468 0 0 0.0% -468] -100% 0 67% T2 cs
Poland 394 242 245 1.2% -149 -38% 3 1% TLT2 Cs.D
Portugal 1319 1176 1040 5.2% 279 21% -137 -12% T1,T3 D,PS
Romania NO 1216 1028 5.2% 1028 o -188 -15%| T1,T2,T3] CS,D,PS
Slovakia 1219 219 272 1.4% 947 78% 53 24% T2 cs
Slovenia 63 135 142 0.7% 79 125% 7 5% TLT2 D,PS
Spain 8821 5315 4949 250%| -3872 -44% -366 % TLT2 Cs,.D
Sweden 625 [ 256 1.3% -369 -59% 256 o T1 cs
EU-27 45133] 19760] 19812 100%| -25321 -56% 52 0% - -

EU trends in this table do not include Sweden for confidentiality reasons and to preserve time series consistency for the

EU. This also explains the differences between the numbers in this table and the CRF.

Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure.3.81 shows CO2 emissions trend as well as the share of the countries with the highest
contribution to the total CO2 emissions. It can be seen that the highest share on total CO2 emissions
(above the average share calculated for EU) has Spain (25%), Italy (19%), France (13%), Greece

(9%), Romania (5%), Portugal (5%) and Germany (5%) which together have 82% share on EU

emissions.
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Figure.3.81: 1.A.2.f Non-metallic Minerals, liquid fuels: Emission trend and share for CO2

1.A.2.f Liquid Fuels - Non-metallic minerals: CO2
Trend in the EU-27

Share in year t-2 (2021)
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Note: This figure does include Sweden.

Figure.3.82 shows CO: implied emission factor (COz IEF) calculated from EU submissions for 1990-
2021. It can be seen that CO: IEF increased significantly compared to CO:2 IEF calculated for 1990.
The high COz IEF in recent years is caused mainly due to the increased consumption of petrol coke in
cement kilns. Between the years 2012 to 2017 strong fluctuation of EU CO:2 IEF. CO: IEF equalled to
89.97 t/TJ in 2021.

Figure.3.82: 1.A.2.f Non-metallic Minerals, liquid fuels: Implied Emission Factors for COz (in t/TJ)
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Figure 3.83 shows comparison of CO2 IEF used by countries for emission estimates in 1990 and 2021.
The CO:z IEF is in many cases higher in 2021 than in 1990 which reflects reasons for relatively high
COz2 IEF mentioned above.
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Figure 3.83: 1.A.2.f Non-metallic Minerals, liquid fuels: Implied Emission Factors for CO, by Member States (in t/TJ)
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1.A.2.f Non-metallic Minerals - Solid Fuels (CO,)

CO2 emissions from the use of solid fuels in category 1.A.2.f amounted 13 887 kt in 2021 for EU. CO2
emissions decreased compared to year 1990 by 74% and compared to 2020 increased by 1%. This
category represents 3.2% of total CO2 equivalent emissions from category 1.A.2. Fuel consumption
decreased by 73% compared to 1990.

Detailed data related to the EU submissions are depicted in Table 3.43. Malta and Estonia report
emissions as ‘NO’ (not occurring). Sweden reports emissions as ‘C’ (confidential). Croatia and
Luxembourg use for emission estimates Tier 1 methodology, the rest of countries use higher tiers or
combination of tiers (as it is calculated in chapter 3.2.1 approximately 96% of EU emissions were
calculated by using higher Tier methods or combination of methods in category 1.A.2.f — Solid Fuels
(COy)). Latvia, Lithuania and Romania reported higher level of emissions in 2021 than in 1990 (it
should be noted that the share of their emissions on total EU emissions is together only 11%).
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Table 3.43: 1.A.2.f Non-metallic Minerals, solid fuels: Member States contributions to CO2 emissions

CO2 Emissions in kt Share in BUI - o, 2nge 1990-2021 | Change 2020-2021 Emission
Member State .27. Method ESIDT
Emissions Informa-
1990 2020 2021 in 2021 | ktcO2 % kt CO2 % o
Austria 535 311 253 1.8% 282 -53% 57 -18% T2 cs
Belgium 2 466 1207 1270 9.1%| -1196 -49% 63 5% T1T3 D,PS
Bulgaria 295 107 198 1.4% 97 -33% 92 86% T1,T2 cs,D
Croatia 535 338 419 3.0% -116 22% 30 8% T1 D
Cyprus 232 56 159 1.1% 73 -31% 103 184% cs cs
Czechia 2 209 592 569 4.1%|  -1640 74% 23 -4% T2 Cs.D
Denmark 574 319 384 2.8% -190 -33% 65 20% T1,T3 D,PS
Estonia 595 25 NO - 595 -100% 25 -100% NA NA
Finland 806 101 204 1.5% -602 75% 13 7% T3 cs
France 4971 899 1034 7.4%| -3938 79% 135 15% T2,73] CSPS
Germany 12 053 4209 3527 254%|  -8527 71% -683 -16% cs cs
Greece 3364 306 357 2.6%|  -3007 -89% 52 17% T2 PS
Hungary 230 105 93 0.7% 137 -59% 11 11% TLT2 D,PS
Ireland 375 301 354 2.5% 21 6% 53 17% T2 cs
Italy 3690 642 267 1.9%| -3423 -93% -375 -58% T2 cs
Latvia 16 76 48 0.3% 32 203% 27 -36% T2 cs
Lithuania 60 348 413 3.0% 353 592% 65 19% T2 cs
Luxembourg 312 129 139 1.0% 173 -55% 11 8% T1 D
Malta NO NO NO - - - - - NA NA
Netherlands 346 116 129 0.9% 217 -63% 13 11% T2 cs
Poland 8576 1994 2 069 14.9%| 6507 76% 75 4% TLT2 Cs.D
Portugal 1958 18 33 0.2%| -1925 -98% 15 84% T1,T3 D,PS
Romania 285 747 1164 8.4% 879 309% 418 56% T2,T3] CS,PS
Slovakia 1474 475 460 3.3%| -1014 -69% -15 -3% T2 cs
Slovenia 113 47 51 0.4% 63 -55% 4 8% TL,T3 D,PS
Spain 5221 118 292 21%|  -4929 -94% 173 146% TLT2 Cs,.D
Sweden 1142 [ [ I 1142 -100% - - T2 cs
EU-27 51202| 13725 13887 100%| -37 405 73% 162 1% - -

EU trends in this table do not include Sweden for confidentiality reasons and to preserve time series consistency for the

EU. This also explains the differences between the numbers in this table and the CRF.

Abbreviations explained in the Chapter ‘Units and abbreviations’. Presented methods and emission factor information
refer to the last inventory year.

Figure 3.84 shows CO2 emissions trend as well as the share of the countries with the highest
contribution to the total CO2 emissions. It can be seen that the highest shares on total CO2 emissions
(above the average share calculated for EU) correspond to Germany (25%), Poland (15%), Belgium

(9%), Romania (8%), and France (7%) which together represent 65% share on EU emissions.

193




Figure 3.84: 1.A.2.f Non-metallic Minerals, solid fuels: Emission trend and share for CO2
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Figure 3.85 shows CO:2 implied emission factor (CO: IEF) calculated from EU submissions for 1990-

2021. The IEF has slightly decreasing trend with minor fluctuations. CO:2 IEF equalled to 95.86 t/TJ in
2021.

Figure 3.85: 1.A.2.f Non-metallic Minerals, solid fuels: Implied Emission Factors for COz2 (in t/TJ)
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