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Summary

Ozone pollution remains a key challenge for European air quality. This report examines how the revised
Ambient Air Quality Directive (AAQD) addresses this issue, with a focpseouarsor monitoring
networks, precursor emission trends, air quality plaarg] new approaches to verify emissions.

The revised AAQD significantly strengthens European ozone piblgns the longerm health
objective with WHO guidelines (100 pug/m3 by 2050), reduces allowed exceedfmcie target
valuesfrom 25 to 18 days per year by 2030, and mandates ozpeeific air quality plans when target
values are exceeded. For monitoring, it expands the list of required VOC species from 3@+50 46
NMVOCs plus methanahnd, for the first time, explicitly recognises methane as an ozone precursor.
These changes refleatlvances in scientific understanding of ozone formation chemistry and its health
and environmental impacts.

Europe has achieved substantial reductions in ozone precursor emissions over the past three decades.
Between 1990 and 2022, N@missions decreased by 64%, NMVOCs by 62%, artgyGH%, driven

by EU regulations, technological improvements, and sectoral policies. However, chajengiss
Emissions from biological waste treatment have grown eightfold, domestic solvent use continues to
rise, and four Member States report overall Ghtreases. Agriculture remains the dominant source

of methane, while residential heating, solvent use, coating applicatiadsmanure managmentnow

account for56% of NMVOC emissions.

Current monitoring networks are fragmented and require strategic expansiammgterm
measurements are mainly available for aromatic hydrocarbons, while coverage of alkenes, oxygenated
VOCs, terpenes, and methane remains limited. Only Germany currently reparte @i¢ EEA €
reporting database. Nevertheless, compliance with the revised AAQD is technically feabilildibhg
existing programmes and research infrastructurgEMEP, WMO/GAW, ICOS, ACTRIS) through a tiered
network design combining core contious monitoring sites, supplementary coverage, and integration

of satellite observations with grouddased measurements.

Monitoring priorities should align with dominant emission sources. For NMVOCs, this means
prioritizingBTEX compounds, trimethylbenzenes, and key ketones at urban and industrial sites where
solvent use dominates. For methane, monitoring should focus on agricultural regions with high
livestock densities, areas with significant biogas production, and regiithsremaining fossil fuel
infrastructure.Expanding formaldehyde monitoring would also support validation of satellite data.

Few dedicated ozone air quality plans exist, but national efforts are growing. Croatia, France, and Spain
have developed comprehensive approaches combining national strategies with regional measures
targeting traffic, shipping, industry, and residential isgions. However, most existing plans lack
sufficient integration of transboundary contributions. Source apportionment tools, such as the CAMS
Air Control Toolbox, now provide daily diagnostics identifying emission contributions for major
European citiessupporting evidencdased plan development.

Emerging verification capabilities will strengthen emission monitoring. Methane inverse modelling has
achieved high maturity at global and regional scales, while satellite missions (MethaneSAT; GOSAT
GW, Sentineb) are expanding observational capacitytefiration of satellite observations with
groundbased networks offers promising prospects for improved emission quantification and adaptive
policy responses.

Controlling precursor emissions remains the main policy lever available to Member States. Given the

transboundary nature of ozone pollution and the complex, 4iaear chemistry of ozone formation,
coordinated national and international strategies are edi&d. The convergence of enhanced
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monitoring capabilities, improved emission verification, and strengthened air quality plans will be
critical to address this persistent challenge and protect public health and ecosystems across Europe.

Country factsheets for the EU27 Member States are provided alongside this report and can be accessed

through the links in the table below. These factsheets provide afepth analysis of grountvel
ozone across the country. They present ldegn trends in ozone concentrations (20a2023),
AY LINBOdzZNE2NJ SYAaaAz2ya 062023]te cantabttions &
of different sectors and regions to daily maximursm@ur average (MDAS8) ozone concentrations in

OKIlI y3Sa

Iy R

2023, and projected oz@nlevels for 2050 under various emission scenarios. This analysis is based on
multiple datasets, including both observations (data from EEA database) and modelling data (from
chemistry transport models like CHIMERE and EMERIMSC

Tablel: Links to the country (EU27) ozone factsheets with complementary information

Country

Link

Austria

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-2025-12-austriaozonefactsheet. pdf

Belgium

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-2025-12-belgium-ozonefactsheet.pdf

Bulgaria

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-2025-12-bulgariaozonefactsheet. pdf

Croatia

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox-

nmvocsand-ch4/etc-he-report-2025-12-croatiaozonefactsheet.pdf

Cyprus

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox-

nmvocsand-ch4/etc-he-report-2025-12-cyprusozonefactsheet.pdf

Czechia

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox-

nmvocsand-ch4/etc-he-report-202512-czechrepublicozonefactsheet.pdf

Denmark

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox-

nmvocsand-ch4/etc-he-report-202512-denmarkozonefactsheet.pdf

Estonia

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-2025-12-estoniaozonefactsheet.pdf

Finland

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-202512-finland-ozonefactsheet.pdf

France

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-2025-12-france-ozonefactsheet.pdf

Germany

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox-

nmvocsand-ch4/etc-he-report-202512-germanyozonefactsheet.pdf

Greece

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox-

nmvocsand-ch4/etc-he-report-202512-greeceozonefactsheet.pdf
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Hungary

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox-

nmvocsand-ch4/etc-he-report-2025-12-hungaryozonefactsheet.pdf

Ireland

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox-

nmvocsand-ch4/etc-he-report-2025-12-ireland-ozonefactsheet.pdf

Italy

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox-

nmvocsand-ch4/etc-he-report-2025-12-italy-ozonefactsheet.pdf

Latvia

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox-

nmvocsand-ch4/etc-he-report-2025-12-latviaozonefactsheet. pdf

Lithuania

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-2025-12-lithuaniaozonefactsheet.pdf

Luxembourg

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-2025-12-luxembourgozonefactsheet.pdf

Malta

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-2025-12-malta-ozonefactsheet.pdf

Netherlands

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-2025-12-netherlandsozonefactsheet.pdf

Poland

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox-

nmvocsand-ch4/etc-he-report-2025-12-polandozonefactsheet.pdf

Portugal

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-2025-12-portugalozonefactsheet.pdf

Romania

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-202512-romaniaozonefactsheet.pdf

Slovakia

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox-

nmvocsand-ch4/etc-he-report-2025-12-slovakiaozonefactsheet. pdf

Slovenia

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-2025-12-sloveniaozonefactsheet.pdf

Spain

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-2025-12-spainozonefactsheet.pdf

Sweden

https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-

reports/etc-he-report-2025-12-ozonelevelsin-relation-to-its-precursorsnox

nmvocsand-ch4/etc-he-report-202512-swedenozonefactsheet.pdf
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https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eionet.europa.eu%2Fetcs%2Fetc-he%2Fproducts%2Fetc-he-products%2Fetc-he-reports%2Fetc-he-report-2025-12-ozone-levels-in-relation-to-its-precursors-nox-nmvocs-and-ch4%2Fetc-he-report-2025-12-slovenia-ozone-factsheet.pdf&data=05%7C02%7Clpoz%40nilu.no%7C30eace714b244f32334d08de7f66d242%7C220534bf8803473eb063923d72bcef2a%7C0%7C0%7C639088276812648640%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=7jwPUiUE0NEzbl0SKWBPFTF7PULcJK6WwNS7fV%2B3LhA%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eionet.europa.eu%2Fetcs%2Fetc-he%2Fproducts%2Fetc-he-products%2Fetc-he-reports%2Fetc-he-report-2025-12-ozone-levels-in-relation-to-its-precursors-nox-nmvocs-and-ch4%2Fetc-he-report-2025-12-slovenia-ozone-factsheet.pdf&data=05%7C02%7Clpoz%40nilu.no%7C30eace714b244f32334d08de7f66d242%7C220534bf8803473eb063923d72bcef2a%7C0%7C0%7C639088276812648640%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=7jwPUiUE0NEzbl0SKWBPFTF7PULcJK6WwNS7fV%2B3LhA%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eionet.europa.eu%2Fetcs%2Fetc-he%2Fproducts%2Fetc-he-products%2Fetc-he-reports%2Fetc-he-report-2025-12-ozone-levels-in-relation-to-its-precursors-nox-nmvocs-and-ch4%2Fetc-he-report-2025-12-slovenia-ozone-factsheet.pdf&data=05%7C02%7Clpoz%40nilu.no%7C30eace714b244f32334d08de7f66d242%7C220534bf8803473eb063923d72bcef2a%7C0%7C0%7C639088276812648640%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=7jwPUiUE0NEzbl0SKWBPFTF7PULcJK6WwNS7fV%2B3LhA%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eionet.europa.eu%2Fetcs%2Fetc-he%2Fproducts%2Fetc-he-products%2Fetc-he-reports%2Fetc-he-report-2025-12-ozone-levels-in-relation-to-its-precursors-nox-nmvocs-and-ch4%2Fetc-he-report-2025-12-spain-ozone-factsheet.pdf&data=05%7C02%7Clpoz%40nilu.no%7C30eace714b244f32334d08de7f66d242%7C220534bf8803473eb063923d72bcef2a%7C0%7C0%7C639088276812666625%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=fgLh7v6N1RNNDOkIZHSlKQq%2FZmfXwuKjk8y%2BmgeAOMQ%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eionet.europa.eu%2Fetcs%2Fetc-he%2Fproducts%2Fetc-he-products%2Fetc-he-reports%2Fetc-he-report-2025-12-ozone-levels-in-relation-to-its-precursors-nox-nmvocs-and-ch4%2Fetc-he-report-2025-12-spain-ozone-factsheet.pdf&data=05%7C02%7Clpoz%40nilu.no%7C30eace714b244f32334d08de7f66d242%7C220534bf8803473eb063923d72bcef2a%7C0%7C0%7C639088276812666625%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=fgLh7v6N1RNNDOkIZHSlKQq%2FZmfXwuKjk8y%2BmgeAOMQ%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eionet.europa.eu%2Fetcs%2Fetc-he%2Fproducts%2Fetc-he-products%2Fetc-he-reports%2Fetc-he-report-2025-12-ozone-levels-in-relation-to-its-precursors-nox-nmvocs-and-ch4%2Fetc-he-report-2025-12-spain-ozone-factsheet.pdf&data=05%7C02%7Clpoz%40nilu.no%7C30eace714b244f32334d08de7f66d242%7C220534bf8803473eb063923d72bcef2a%7C0%7C0%7C639088276812666625%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=fgLh7v6N1RNNDOkIZHSlKQq%2FZmfXwuKjk8y%2BmgeAOMQ%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eionet.europa.eu%2Fetcs%2Fetc-he%2Fproducts%2Fetc-he-products%2Fetc-he-reports%2Fetc-he-report-2025-12-ozone-levels-in-relation-to-its-precursors-nox-nmvocs-and-ch4%2Fetc-he-report-2025-12-sweden-ozone-factsheet.pdf&data=05%7C02%7Clpoz%40nilu.no%7C30eace714b244f32334d08de7f66d242%7C220534bf8803473eb063923d72bcef2a%7C0%7C0%7C639088276812690362%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=iGHAWfGw1OD9HksaHBODnR3EEbxvsOGsTlNZMFwLMDw%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eionet.europa.eu%2Fetcs%2Fetc-he%2Fproducts%2Fetc-he-products%2Fetc-he-reports%2Fetc-he-report-2025-12-ozone-levels-in-relation-to-its-precursors-nox-nmvocs-and-ch4%2Fetc-he-report-2025-12-sweden-ozone-factsheet.pdf&data=05%7C02%7Clpoz%40nilu.no%7C30eace714b244f32334d08de7f66d242%7C220534bf8803473eb063923d72bcef2a%7C0%7C0%7C639088276812690362%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=iGHAWfGw1OD9HksaHBODnR3EEbxvsOGsTlNZMFwLMDw%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eionet.europa.eu%2Fetcs%2Fetc-he%2Fproducts%2Fetc-he-products%2Fetc-he-reports%2Fetc-he-report-2025-12-ozone-levels-in-relation-to-its-precursors-nox-nmvocs-and-ch4%2Fetc-he-report-2025-12-sweden-ozone-factsheet.pdf&data=05%7C02%7Clpoz%40nilu.no%7C30eace714b244f32334d08de7f66d242%7C220534bf8803473eb063923d72bcef2a%7C0%7C0%7C639088276812690362%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=iGHAWfGw1OD9HksaHBODnR3EEbxvsOGsTlNZMFwLMDw%3D&reserved=0

1 Introduction

Ozone pollutionremainsa major public health challenge across Eurgpeth significant mortality
impacts despite ongoing air quality efforte. 2023,European citizens faced an average peak season
ozoneS E LJ2 & dzNB 2 @ ny » ®KEU2T2ikiz¥ns), well above the WHO guideline level of 60

> 3 K. YTiese exposurelevels varied considerably across countriegeating a pronounced
geographical gradient in health riskhe burden of disease estimates rewvedl the severe
consequences of this pollution, thiapproximately 70,981 deaths attributable to ozone acrdis
European countries, including 62,676 deaths within the E\32ares et al2025. At the ecosystem

level, high ozone concentrations can lead to biodiversity loss, alter ecosystem structure and degrade
habitat quality, while reducing agricultural yields and forest growahsubstantial proportion of
European agricultural land remains exposed to harmful ozone leVaks.longterm objective for
@SASGLrGA2Y LINRGOGSOGAZ2Y O6cnnn >3k Y18.2%1 HirogeardzND NB
agricultural land meeting this threshold in Z82indicating persistent risk of vegetation damage from
0zone exposure.

Unlike other pollutants, ozone is not directly emitted but forrits the atmosphere through
photochemical reactions betweeprecursors such asitrogen oxides (N and volatile organic
compounds(VOCsincluding methane CH), with meteorologicalconditions playing a crucial role in
concentration variationsThe spatial distribution of ozone levels is closely correlated with temperature
and insolatiorpatterns, resulting in higher concentrations in southern Europe countries compared to
northern regions.The complex formation process makes ozone pollution particularly challertging
control, as the relationship between precursor emissions and resulting ozone concentrations is not
straightforward.This complexity is furthantensifiedby varying ozone production efficiencies across
VOC species and differing atmospheric lifetimes among precursors. Consequently, the interplay
between these lifetimes and spatial scatepresentsa critical consideration for understanding and
addressing ozone pollution.

Between 20082023, European ozone trendérom Gbangou, et al., 2028nd updatedfor this study
revealed contrasting patterns that create significant air quality management challefgasal mean
ozone concentrations increased by 25% at background monitoring sites, while peak ozone
episodes decreased bylA.7% and the number of days exceeding 120 ug/m3 declined by up to 71%.
In contrast, no significant trend is observed for tbeone peak season-8.2% to +9.7%). This
divergence is primarily attribed to hemispheric transport and reduced nitrogen monoxide (NO)
titration due to lower NQemissions, with urban locations showing stronger increases than rural sites.
Geographically, annual mean ozone decredsedentral Eastern Europe while increasing in Western
regions, particularly in Spain, southeastern France and the Benelux, reflectimpriplexinterplay
between changing in precursor emissions and regional atmospheric chemistry across. Europe

This analysis provides initial insights into ozpnecursor relationships and enhances understanding
of the regulatory challenges presented by the revised AAQD regarding ozone and its predursors.
outlines the complete pathway connecting regulatory framework with scientific understan@irey
report is structured as followsSection 2 examines the monitoring and assessment requirements for
ozone pollution under the revisedAQD highlighting key changes from the 20@8mework Building

on this regulatoy context, Section 3analysesthe implications forsampling points requiremest
through case studiesn selected Member StateSection4 then presentsavailable tools for ozone
source apportionmentecognizing the critical role of precursors in ozone format®ection Socuses

on volatile organiccompound ¥OQ monitoringacross Europeyroviding targeted recommendations
for species selections and instrumentation. Sectogvaluatesozoneair quality plais implemented
across European countries, integrating information from theegorting databaseto assess
compliance and effectivenes$ection7 presents a comprehensive analysis of precursor emissions

@ https://www.eea.europa.eu/en/analysis/indicators/exposud-europesecosystemso-
ozone?activeAccordion=ecdb3Huhe94978b5cF0b136399d9f8
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https://www.eea.europa.eu/en/analysis/indicators/exposure-of-europes-ecosystems-to-ozone?activeAccordion=ecdb3bcf-bbe9-4978-b5cf-0b136399d9f8

(CH, NMVOCs and NJY examining trends by country and emission sector while reviewing reduction
measures and@nalysingfuture projections.Finally,Section8 providesa review of methane inverse
modellingmethodologies and their applicatiorfier emissions estimations

2 Requirements under the Ambient Air @ality Directive

Therevised AAQRepresents a significant policy step in aligning European air quality stanclasis
to the latest scientific evidence, particularly in relation to the health and environmental impacts of
groundlevel ozone. Recognising ozone as a critical transboundary pollutant with serious public health
and ecological consequences, the revised AAQD int®slumore stringent requirements for
monitoring, reporting, and mitigating ozone and its precursors. This section summarises the main
provisions of the revised AAQDathare relevant to ozone. It highlights the key differences compared
to the 2008Directive with a particular focus on:

1 the monitoring of ozone and its precursors

1 the development and implementation of ozomspecific air quality plans

1 the evaluation of transboundary contributions to ozone concentrations.

2.1 Target values, longerm objectives, alert and information thresholds

With the focus orreducing theadverseeffects on human health angn vegetationand ecosysters)

the revisedAAQDprogresses towardsrget values and lontgerm objectivedor ozonethat are aligned

with scientific evidence, including the WHO guidelineommendations (WHO, 2021jable 2.1 lists

the target values, longerm objectives, alert and information thresholds, and assessment thresholds
as defined in the revised AAQD.

Table2.1: Target values, longerm objectives, alert and information thresholds, and assessment
thresholds as defined in the revised AAQD.

Revised AAQD N Averaging Number of allowed| Assessment
Objective . Value
reference period exceedances threshold
Ozone target values to be attained by 1 January 2030
Not to be exceeded
Annex I, Protection Maximum dail on more than 18 100 pg/n?
Section 2, of human y 120 pg/n? days per calendar (99th
; 8-hour mean :
Point B health year, averaged over| percentile}
3 years
AOT40
Annex |, Protection (calculated from
; 1-hour values) 18
Section 2, of May to July
) . 000 pg/n?x h
Point B vegetation
averaged over 5
years
Longterm objectives for Ozone @Pto be attained by 1 January 2050
Annex |, Protection M;_‘;]“OT;E:;:W
Section 2, of human L 100 pg/n? 99th percentilé
) within a
Point C health
calendar year
Annex |, Protection AOT40
; (calculated from
Section 2, of May to July
Point C vegetation L-hour values)
g 6 000 pg/nix h
Alert threshold and information threshold for Ozone
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Annex |, melaQS:Jerél or

Section 4, Alert -

Point A threshold predicted for 3 240 ug/me
L consecutive

(Article 20) hours

Annex, Information

Section 4, 1 hour 180 pg/m?

threshold
Point B

D j.e. 3 exceedance days per year.

The revised AAQD sedtsat:

1 Atarget value for protection of human healthat is given ags maximum daily §hour mean
of 120 pg/n?, notto be exceeded on more than 25 days per calendar yaaraged over 3
years until 1 January 2030. From then, the allowed number of exceedances is reduced from
25 to 18.

1 Alongterm objective for protection of human health, givenamaximum daily #iour mean,
which is lowered from 120 pg/rhwith no allowed exceedances, to 100 pg/ms a 99th
percentile,i.e., 3 exceedance days per year, to be attained by 1 January Z@sobjectiveis
aligned with the WHO shoterm ozone guideline value to protect human health

1 Anassessment threshold for health protection is introduced for ozone, aligned with the AAQD
longterm objective for protection of human health and the WHO sktertn ozone guideline
value.

It is important to note thathe objectives fothe protection of vegetation and the alert and information
thresholds remain unchanged in the revis&dQD

9 dzNRB LIS Qa | Ardortj2626 (EBA[i2825skoiksithat eitdile only16.4% of the population were
exposed to concentrations above the target vatheesholdin 2023 94.4% of the population were
exposed to concentrations above the WHO guideline. Introduction of an assessment threshold aligned
with the WHGOshort-term guideline valuanay imply an increase in the number of zones where fixed
measurements are mandatory and so increase the required number of sampling points.

2.2 Data quality objectives for ozone and related NO and NO

Annex Vof the revised AAQMlefines the data quality objectives of measurements and modelling
applicationsandin terms ofthe minimumuncertaintyin data coverage of the measuremen®oth are
essentiafor assessing air quality &@uniform and coherenimanner. In addition to relative uncertainty,
definedin the 2008 Directive, the revised AAQ@E&yuires uncertainty to be expressed as absolute
values and specifies that uncertainty is provided fo8ir mean values. For objective estimation, the
revised AAQBtates that uncertaintys expressed as a maximum ratio of the uncertainty of modelling
applications and objective estimation over the uncertainty of fixed measuremé&nter! Reference
source not foundlists thedata quality objectives for ozone and related NO and MQhe revised
AAQD

Table2.2: Data quality objectives for ozone and related NO and Ni®the revised AAQD.

Revised Air pollutant, metric Fixed Indicative Objective
AAQD measurements measurements estimation
reference

Maximum uncertainty | Absolute | Relative| Absolute? | Relative? | Ratio?
Annex V,| Ozone (8h mean) 18 ug/m? | 15 % 30 pg/n? 25 % 2,2
A. Table 2.

Minimum data coverage relative to calendar year
Annex V, Ozone and related N( 85 05 13 %
B. and N@Q, annual mean
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Ozone and related N(
and NQ, 1-hour, 8hour 85 % 50 %"
or 24hour means)
Required proportion of valid data for aggregation of data for ambient air quality assessme
1-hour, 8hour,
Annex V, | maximum daily &our

C. means, or 24our
means

Annex V,
B.

75%

D When using indicative measurements for other purposes other than compliance assessment, such as, but not only: design or
review of the monitoring network, model calibration and validation, the uncertainty may be that established for modelling
applications.

2 The uncertainty of objective estimation shall not exceed the uncertainty for indicative measurements by more than the applicable
maximum ratio and shall not exceed 85 %.

3 Minimum data coverage requirements are to be met both for the full calendar year and for the periods of April to September and
October to March, respectively. Assessment of the AOT40 for ozone minimum data coverage requirements are to be met during
the time period defined for calculating the AOT40 value.

4 Minimum data coverage applies for the period of April to September (no criterium of minimum data coverage is required during
the winter period).

Therevised AAQBombirestime coverageanddata capturedefined in the 200®irectiveinto a single

term: data coverageData coverage is defined as the proportion of the calendar year for which valid
measurement data are available, expressed as a percentage. The 2008 Dpetivfiieddifferent

data coverage requirements for summer and winter for fixed measurements as well as for indicative
measurements. In the revised AAQD, the requiremena ahinimum 85% data coverage for fixed
measurements applie® the calendar year, as well de the AprikSeptemberand OctoberMarch
periodsand for AOT40 calculations. For indigat measurements, the data coverage requirement
(minimum 13%) applies for Apfleptemberand no minimum data coverage is required during the
winter period.

The data coverage requirements in the revised AAQD seem easier to comprehend. For the winter
season and for the calendar yeéne requirements are, however, stricter than in the 2008 Directive.

In line with the reference method, continuous monitoring instrumestsall beused at allfixed
sampling points. With continuous measurements all year round, the stricter requirements should not
be significantly harder to achieve.

2.3 Reference methods for assessment of concentrations in ambient air and deposition
rates

In the absence of an EN standatide revised AAQD givescommendations for methods for sampling
and measung ozone precursor substances and for modelling applicatiansr! Reference source
not found. lists the reference methodseecommendedMember States may choose the sampling and
measuring methods they use, in accordance with the data quality objectives given, indieing
promotion of harmonised air quality modelling approaches.

Table2.3: Reference methods for assessment of concentrations in ambient air and deposition rates
in the revised AAQD in relation to ozone.

RevisedAAQD | Pollutant Reference method| Directive recommendation
reference
Annex VI, A. 11 Ozone EN 14625:2012

Ambient air ¢
Standard method
for the
measurement  of
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the concentration
of ozone by
ultraviolet
photometry

Annex VI, A. 2.

Nitrogen dioxide
and oxides of
nitrogen

EN 14211:2012
Ambient air ¢
Standard method
for the
measurement  of
the concentration
of nitrogen dioxide|
and nitrogen
monoxide by
chemiluminescencg

Annex VI, A. 14 Volatile organic In the absence of an EN standard meth
compounds  that for sampling and measuring volatile orgar
are ozone compounds that are ozone precurs
precursor substances, Member States may choose
substances sampling and measuring methods they u

in accordance with Annex V and taking in
account the measurement objectives
including those set out in Section 3, Point
and Section 4, Point A, of Annex VII,
applicable. Where international, EN
national standard reference measureme
methods or CEN technical specifications
available, these male used.

Annex VI, E. Reference air In the absence of an EN standard
quality modelling modelling quality objectives, Membe
applications States may choose the modellin

applications they use, in accordance wi

Point G ) of Annex V

2.4 Monitoring of ozoneand its precursors

One of the most notable updates in thevisedAAQD is the strengthened focus on monitoring not just
LINS OdzNA 2 N& =
compounds (VOCsdjcluding methane (G While the 2008 Directive required ozone monitoring at

21 2yS A

Gast ¥z

o dzi

a2

AGa 158

urban and rural sites, the revis@ddAQDexpands this by:

1 Requiring more detailed spatial coverage, particularly in areas where vulnerable populations

are expo

1 Enhancing speciation and source identification of VOCs, which are crucial in understanding the

sed.

chemical mechanisms driving ozone formation.

T Introducingmonitoring supersites with specific requirements fsecursor monitoring across

Member

These improvements aim to enable more accurate assessments of ozone formation potential and to
support both local and regional mitigation strategiés.the 2008 Directive the minimum required
number of sampling points in agglomerations (urban and suburban) were lower than in other zones
(suburban and rural). The concept of agglomerations is not continued in the revised AAQD, and the
minimum required nmber of sampling points given for other zones in the 2008 Directive applies to all
zones in the revised AFD. This may increase the number of required sampling points in urban and

suburban areas.
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Error! Reference source not foundiststhe monitoring requirements outlined in the revised AAQD.
The revised AAQItroduces two new monitoring requirements. One requirement is related to the
fixed measurements of ozone and N supersites (Annex VI, Section 1). The revised AAQD defines
the concept of monitoring supersites, which are urban or rural background monitoring stations
measuring several pollutants over an extended period. The other requirement concerns the
measuremat of precursorgAnnex VII, Section.3)

Table2.4: Revised AAQD monitoring requirements for ozone and its precursors.

Reference Pollutant Requirement

Article 8 Gs Fixed measurements are required in all zones
classified as above the assessment threshold

Article 9(5) NG NG shall be measured at a minimum of 50 % of the
ozone sampling points required.

Article 10 NG, & Fixed measurements of N@nd ozone at all

Annex VII, Section 1, Table 1] monitoring supersites at urban background location

Article 10 NG, & Fixed measurements of N@nd ozone at all

Annex VII, Section 1, Table 2 monitoring supersites at rural background locations.

Article 9(4) NO, NG, CH, Measurements of ozone precursor substances at or

Annex VII, Section 3. other VOCs or more sampling points.

Annex lll, C. 2 O3 Measurements at rural background locations

Similar to the 200®irective the revised AAQD mandates that measurements of ozone precursor
substancesncludingat least NOand N@® | 2 6 SOSNE Al SELX AOAGE & &0l (S35
VOCs should be measured when appropriate. It also revises and expands the list of recommended VOC
compounds, including alcohols, aldehydes, ketones, and terpdiese compounds arfeequently
observed in ambient air andre frequently documented in the literatureTerpeneshave high
reactivity,and their oxidationeads to the formation of oxygenated VOCs (OVOCSs) such as alcohols
(methanol, ethanol, etc.), ketones (acetone, methyl ethyl ketone, etc.), aldehydes (formaldehyde,
acetaldehyde, etc.), carboxylic acids (formic, acetic, etc.) of various volatilitieh@mical structures.

OVOCs play an active role in the chemical reaction chain of the atmosphere and are precursors of
photochemical ozone andecondary organic aerosolasother VOCchemical familiesThe World
Meteorological Organization (WMO) Global Aspbere Watch (GAW)ecommends monitoring
OVOCs, including formaldehydrd terpene{GAWWMO, 2017).

The revised AAQowever, does not specify which of the VOCs the Member States should monitor.
The selection of compounds should depend on the objective sought and may be complemented by
other compounds of interest (Annex VII, SectiorE3jor! Reference source not foundists the VOCs
recommendedor monitoringby therevisedAAQDThe list has been significantly expanded, increasing
from 30 species in the 2008 Directive t® 4n the revised versiont is worth noting that benzene,
already regulated as a pollutant, is included in this list.

Table2.5: List of VOCs recommended for monitoring under the revised AAQD.
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2.5 Ozone air quality plans

Under the 2008irective Member Statesvere obliged to take all necessary measurdsat do not
entail disproportionate cost® ensure the target values and loterm objectives are attained (Article
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17).However, air quality plans were notandatoryas the mairreductiontargetis related tothe NEC
Directivet. TherevisedAAQDmakes thedevelopmentof air quality plans for ozone compulsoand a
justification must beprovidedif a plan is not establishedn particular, ti states that:

1 Ozone air quality planswustbe updated regularly, particularly when new exceedances occur.

1 Measures that specifically target precursor reductions, with links to emission inventories and
source apportionment studiesiust be included

1 Member Statesanwaive the ozone planenly if theycan demonstrate that: i) there is no
significant potential to reduce ozone concentrations due to regional or hemispheric influences,
and ii) additional measures would entail disproportionate economic or social costs.

This clause acknowledges the complex and oftenlmaar relationship between precursor emissions
and local ozone concentrations.

The revised AAQD also expands the concept of air quality plan, addquakiy roadmap According
to the revisedAAQD:

1 Wirljdz- £t Ade LI FYyQ YSIya | LX I yocdnlywith lang vakes,2 dzi  LJ2
target values or average exposure reduction obligations once these haveskeeaded.

1 Wirljdz- ft AGé& NRBIFIRYFILIQ YSIya Fy AN ljdzZt £t Ade LIXIyZ
limit values and target values, that sets out policies and meagaresmply with those limit
values and target values within the attainmetgadline.

1 $hort-i SNY | OGA2y LXTFYQ YSIya LIX Iy GKIFIG aSiaa
short term to reduce the immediate risk or the duration of the exceedance of the alert
thresholds.

Table 2.6summaries the requirements for air quality plans and roadmaps, and skenn plans
outlined in therevisedAAQDfor ozone Compared to the 200Birective Article 19 in the revised AAQD
provides extended and more detailed requirements for the establishment and revision of air quality
plans and air quality roadmaps, including timelines and deadlines. When any target value is exceeded,
an air quality plan immandatory, with specific exceptions. Air quality roadmaps are required where the
target value is exceeded aftd January 2026, aiming to achieve compliance with the target value
within the attainment deadline. Similar to air quality plans, exceptions for the requirement to establish
air quality roadmaps are provided for ozone. Detailed justification for the ideci®t to establish air
quality plans or roadmaps must be submitted.

The revisedAAQDexpands the requirements for public involvement and engagement in planning
compared to the2008 Directive. In establishing and updating air quality plans, air quality roadmaps
and shortterm action plans, consulting the public and the competent authorities before their
finalisation is mandatory. Encouraging active engagement of the interested parties is alsedequi

In addition, the revised AAQD recoggs that air quality plans may be done on a territorial unit,
covering at least one air quality zorRlanning and measures can be implemented at a regional, level
covering several air quality zones.

@ National Emission Reduction Commitments Directive; 2016/2284/EU.
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Table2.6: Revised AAQD requirements for different plans targeting reduction of ozone and its

precursors.
Reference Requirements Time Aim Exceptions (Need
justification)
Air quality plans
Article 19, Required when any £ | No later than 2 years To achieve the | When an air quality
Point 2 target value is after the target value and | roadmap already
exceededn territorial | exceedance year. | to keep the covers the exceedance
units, covering at least exceedance
one zone. period as short | Where there is no
as possible significant potential to
reduce ozone
concentrations and
where the measures
would entail
disproportional costs.
Article 19, Reassessment of Every 5 year
Point 2 potential for reduction
of concentrations
Programme prepared pursuant to article 6 of Directive (EU) 2016/2284
Article 19, When Qtarget value Ensure that the
Point 2. is exceeded programme
includes
measures
addressing ozone
precursors
Air quality roadmaps
Article 19, Required where the | As soon as possible| To attain the When the baseline
point 4. target value is and no later than 2 | target value by | scenario, according to
exceeded after 1 years after the the expiration of | Point A, point 5, of
January 2026 exceedance was the attainment Annex VIII,
recorded. deadline demonstrates that the
measures already in
Update of plans and force will be sufficient
more effective to achieve the limit or
measures are target value, including
required if when the exceedance
exceedances persist is caused by temporary
during the third activities influencing
calendar year after the levels of pollutants
the deadline for the in a single year
establishment of the
plan
Article 19. Obligation to consult | Prior to finalization
point 7. the public and of air quality plans
competent authorities | and roadmaps and
prior to significant
updates.
Article 19. Encourage active In preparation,
point 7. involvement of all implementation and
interested parties updates.
Article 19, Communication to the| Within 2 months of
point 8 Commission their adoption.
Shortterm action plans
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Article 20, Required when there Indicate the When there is no

Point 1 is a risk of exceeding emergency significant potential,
the alert threshold measures to be | taking into account
taken in the national geographical,
short term in meteorological and
order to reduce | economic conditions,
the risk or to reduce the risk,

duration of such | duration or severity of
an exceedance | such an exceedance

Article 20, Obligation to consult | On draft plans and

Point 3 the public and significant updates.
competent authorities

Article 20, Make results of When plan is

Point 4 investigation on established

feasibility, content of
plan and information
on implementation
available to the public
and appropriate
organisations.

Article 20, Communication to the| Within 1 year of
Point 5 Commission their adoption.
Article 20, Member States may

Point 6 request the

Commission to
organise an exchange
of best practices

2.6 Transboundary air pollution

Recogréing ozone as a transboundary pollutant, the revise8QDplaces greater emphasis on
understanding and quantifying the contribution air pollutionfrom outside a given Member State.
New provisions include:

1 Obligations to conduct source attribution studifes instance based oghemical transport
models and backrajectory analyses to assess the origin of elevated ozone episodes.

1 Encouragement of regional coordination and informatsitaring through EWide
mechanisms The 2008 Directive addressed transboundary pollution with provisions and
requirements for cooperation and joint activities to remove exceedances and reduce precursor
emissions, and inviting the Commission to assist. The revised AAQD elaborates thensrovisio
further and introduces a timeline for the progress and involvement of the Commission

1 Improved integration with the NEC Directiaad other sectoral regulations, ensuring that
ozone control is considered within the broader context of cfossler air pollution policy.

¢CKAA | LIINRIOK y20 2yfté NBFfSOGa A0ASYyGATAO 0O2ya
inform realistic targetsetting and coseffective mitigation planning.

When transboundary pollution contributes significantly to exceedances, the revised AAQD introduces
provisions for notifying the Commission and the Member State from which pollution originates and
gives a list of minimum contents of such notices. The revis&QD also giverore extensivaletails

and clarification on cooperation, joint efforts and coordination between Member States, and
involvement and information to the Commission. The Commission may consider further actio& on
EuropearJnion level to rduce precursor emissions.
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Table 2.7ists the requirementgor transboundary air pollution set by the revised AAQD.

Table2.7: Revised AAQD requirements for transboundary air pollution.

AAQD Action Requirements | Timeline Aim Involvement of
2024/2881 the Commission
reference
Article 21, | Notification Notify the Shall respond Commission
point 1 ard 2 originated MS to each other shall be notified
and the in a timely
Commission manner and
when inform the
transboundary | Commission,
air pollution no later than 3
contributes months after
significantly to being notified
exceedances of
target value or
alert threshold
Article 21, | Notification Suggested
point 6. content in
notification
Article 21, | Cooperation Cooperation Remove such | The Commission
point 2. and 3. between MS exceedances, | shall be
including informed, and
establishing invited to be
joint teams of | involved in the
experts to cooperation
identify
sources and
their
contribution,
measures to be
taken and to
coordinate
activities such
as air quality
plans
Article 21, | Cooperation Cooperation The Commission
point 3. between MS may request an
update on
progress in
implementing
any coordinated
activities
Article 21, | Cooperation Cooperation Where
point 3. between MS appropriate, the
Commission

shall, taking into
account the
reports
established
pursuant to
Article 11 of
Directive (EV)
2016/2284,
consider
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whether further
action shall be
taken at Union
level in order to
reduce
precursor
emissions
responsible for
transboundary
pollution.

Article
point 4.

21,

Shortterm
action plans

Member States
shall, where
appropriate
prepare and
implement
coordinated
shortterm
action plans
covering
neighbouring
zones in other
Member States.

Article
point 4.

21,

Information
regarding
shortterm
action plan

Member States
shall ensure that
neighbouring
zones in other
Member States
receive all
appropriate
information
regarding those
short-term
action plans

Without
undue delay.

Article
point 5.

21,

Information to
neighbouring
MS of
exceedance of
alert- or
information
thresholds

When alert or
information
thresholds in
zones close to
national borders
are exceeded,
the competent
authorities in
the
neighbouring
Member State
concerned shall
be informed as
soon as possible
and the
information shall
be made
available to the
public.

As soon as
possible

Article
point 7.

21,

Coordinated
air quality
plans and
shortterm

Member States
shall, where
appropriate,
endeavour to

When
establishing

Member States
may, where
appropriate,
request
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action plans, pursue technical
information to | cooperation support from the
the public with third Commission.
countries, and in
particular with
candidate
countries.

2.7 Section highlights

The revised AAQDepresentsa significant step forward in European policy byengthening
monitoring requirements, tightening air quality standards, and reinforcing the framework for-cross
border cooperationKey changes includbe alignment of the longterm objectivefor human health

to be attained by ® January 205@vith the WHO guideline (10@g/m?), the introduction of ahealth-
based assessment threshagld@ndthe mandatory development of ozonspecific air quality plans
when exceedance of the target valoecurs

The expanded monitoripprovisions, particularly the establishment of supersites and the significantly
extended listof VOC precursors (from 30 to 46 spec@$5 NMVOCs plus methapereflect a deeper
understanding of ozone formation, including the role of biogenic emissions and oxygenated
compounds. The explidinclusion of methane as a precurstw be monitored als@acknowledgedts
growing importance in tropospheric ozone formation.

Additionally, the revised AAQDecognizeghe inherently transboundary nature of ozone pollution

by establishing clearer mechanisms for notification, cooperation, and coordinated action between
Member States. This regional approach is essential given that local redustiensssionsaloneare

often insufficient to achieve ozone targets.

The revised AAQD sets clear deadlines, 2030 for target vah050for longterm objectives,
requiringMember Stateso address ozonpollutionthrough multiscale precursor reduction strategies.

3 Implicationsof the revisedAAQDon the number of sampling points
requirement(case studies)

One of the indirect implications of the new requirements set out in the revis&@D as discussed in
the previous section, is its impact on the numbersafmplingpoints. This issue is discussed in the
following.

The revisedAAQDdoes not change the minimum number of sampling points required per population
threshold. Thus, changes in the numbeisafmpling points$PQneeded in a zone are expected only

if the population grows sufficiently to move the zone into a higher category in Annex Il efvibed
AAQ@,ortkS T2y S80a Of I & dokohel I€vkldi db@veg theNaBsedsriieht @eshih®)
changes, triggering mandatory fix@donitoring requirementsHowever, mder the 2008Directive
(Annex V) agglomerations benefited from one fewer required sampliiointsin several population
ranges compared to standardir quality zones.As mentioned in section 2.4he revised AAQD
eliminates the agglomeration concept, treating all areas solely aguaillity zones.As a result, zones
that previously held agglomeration status may now be required to operate one additional sampling
point to meet the Annex Ill minimum requirements for their population class.

Therefore,the ommbinedeffect of revisedthresholds andone definitions mayimplicate changes in

the number of sampling points per zoriEhe revised percentitbased AT is generally more sensitive
to recurring highozone episodes than the form&ngterm objective LTQ metric. This may resultin
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1 more zones qualifying for mandatory fixed measuremends ifast one sampling poishows
exceedanceinder the newAT,

1 limited changes in zones where ozone levels remain consistently losanasling pointawill
fall below both the old LTO and the new;AT

1 some sampling pointsand therefore zones remaining undecided, especially where data
completeness was limited, though this does not usually alter fireditoring obligations.

To assess how the revised AAQD may affect the required number of ozone sampling points, an
evaluation was carried out using monitoring data for gegiod 20192023in GermanyNorway, Spain

and the NetherlandsTheperiod chosenreflects the latesfive yearsof validated dataeported to the
EEA. Five yeaesethe (maximum)numberof years needed foreviewingthe zone classificationnal

the number of years exceedances should be asse@sgidle 7) The countriesvere chosen to include
different latitudes,as southern and northern countries are affected differently (Norwayspsin) but
also how central European countries may needlifferent number of sampling pointdue to a
changing climate. It was also considered countries where many agglomeratiinsave to be
consideredas regular zones, and therefore the requirement of the number of sampling points per
population maychange(point Aand C of Annex lih the revised AAR andPoint A.1 in Annex V in
200850/EQ,.

For assessing the impam the ozone sampling pointsie tothe revisedAAQDH nny 5 Add@O G A 3S Q34
LTOwas compared with thédl B @A & SR ! | v5 Q& [ MaifumadXilp&foir medsiid a K 2 f R
O2YLI NR&aA2y ¢AlK (i Kem abjactive, LTBO) adbtidedatpSreratile bfzhyg dhily 8

hour mears (for comparison with the revisedAQM & | daSadayYSyid GKNBaK2f RO g S
EER& ! ANJ vdzl f A fibetweeni2D1® and ZORENE yeard vt of |kt 85% data coverage

were included to ensure robust and comparable statistics. Each sampling point was treated individually
andanalyzedacross all valid years.

C2NJ SIOK {thx (KS ydzYoSNJI 2F &SINBR GAGK xyp?r RFEGLF
classified according to whether it exceeded the 2008 DireCtige [histstép provides a baseline

reflecting how zones were previously assessed under the 2008 Directive, where exceedance of the LTO
triggered the requirement for at least one mandatory fixed measurement in the:zone

1 An SPO was markedl 6 2 @ Sf in[adykiadid year the rounded annual maximum daily 8
hour mean exceedeti20 pg/m3

1 SPOs with fewer than five valid years were still classifiedbase LTOf any exceedance
occurred.

1 If no exceedance was found but the SPO had an incomplete dataset or insufficient years to
confidently conclude compliance, it was recordediadzy RS OA RS R ¢

1 SPOs with five full years and no exceedances were classified &8t 2 ¢ [ ¢ h ¢

A second classification was conducted following the criteria of the revised AAQD. For each SPO, the
annual 99th percentile of the daily maximumh8ur mean, rounded to the nearest integer, was
evaluated:

9 'y {th gFa OtraairFTASR la alo62@S (GKS NB@ZAASR
exceeded 100 pg/ms.
9 {tha ¢AGK 2yte 2yS 2N Gg2 @OIftAR &SINE 6SNB

insufficient evidence.

@ https://discomap.eea.europa.eu/App/AQViewer/index.html?fgn=Airquality Dissem.b2g.AirQualityStatistics
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1 SPOs with three or four valid years were labelled above, below, or undecided depending on
whether the pattern of exceedances was conclusive.

Each SPO was associated with its correspondinguality zone,and, br every zone, the following
were summarised:

T  Number of SPOs above, below, or undecided for the 2008 LTO

1 Number of SPOs above, below, or undecided for the revised AAQD AT

A zone was considered to require mandatory fixed measurements if at least one sampling point
exceeded the LTQQO08Directive) or the ATrévised AAQP This mirrors how zones are operationally
assessed for compliance obligations.

Error! Reference source not foundummarises theanalysis for the four countrieassessedThe
revisedAAQDresults in relatively limited changes to ozone monitoring obligations, with most zones
retaining their existing requirements. In Spain, 129 of 135 zones remain unchanged, while one zone
without previous exceedances now requires an additional samplingt pailer the revised
assessment threshold, and two zones no longer require fixed monitoring at theisdoypling points

due to no exceedance under the new criteria; three zones could not be classified due to insufficient
RFEGF® hT { LI Ay Qrations, popliafiodddsediulds Thaah #haf 84 now require one
additional SPO. In Norway, four of seven zones remain unchanged, one zone no longer requires fixed
measurements, two zones lack sufficient data for assessment, and one former agglomeration with
fewer than 250 000 inhabitants may need an additional SPO. For Germany, 67 of 68 zones show no
change, with one zone unclassified due to missing data; however, among its 34 former agglomerations,
23 require one extra SPO under the revised populatiased ules. In the Netherlands, all nine zones
remain unaffected by the revised thresholds, though of the six former agglomerations, three require
an additional SPO. Overall, most zones see no change due to pollutant thresholds, while the
discontinuation of theagglomeration concept drives the majority of additional SPO requirements.

Table3.1: Implication of the revised AAQD on the number of sampling points (SPOSs) in four
countries.

Number of zones
Number of Zones impacted by revised
AAQD
Countr
y No change Change Not Decrease | Increase
Total above [ below | gnough Agglom.eratl-ons in in
above | below | to to data 2008Directive | required | required
AT | AT | below | above SPOs SPOs
AT AT
Spain 135 127 2 2 1 3 44 2 37
Norway 7 4 0 1 0 2 3 1 1
Germany 68 67 0 0 0 1 34 0 23
Netherlands 9 9 0 0 0 0 6 0 3

Note: 2008 Directive required fewer SPOs agglomeratiorthan in other zones
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3.1 Section highlights

The revised AAQD does not introduce changes to the minimum number of sampling points required
per population threshold. The expected change in results is mainly due to two factors. First, there has
beena shift from a threshold based on the loAgrm objective to an assessment thresholthsed on

the 99th percentile, which is more sensitive to recurring higlone episodes. Second, the
agglomeration concept has been removed.

An evaluation was conductefdr the periad 20192023 in four Member States(Germany, Spain,
Norway, the NetherlandsResultsshow thatthe impact of the revisedhresholds remain limited

Most zonesretain ther currentobligatiors (129/135 in Spain4/7 in Norway,67/68 in Germany, 9/9

in the Netherlands)Only a few zones change classification, with roughly equal cases of increased and
decreased requirements.

By contrast,discontinuing the agglomeration status is the main reason for the requirement of
additional sampling points 37 former Spanish agglomerations, 23 German agglomerations, one
Norwegian agglomeration and three Dutch agglomerations will require an additional sampling point in
order to comply with the new populatiehased rules.

4 Source apportionment of ozone concentrations

As highlighted inSection 2 the revised AAQD recognses the importance of transboundary
contributions to ozone pollutioWhen target values are exceeded, Member Statesnamg required

to developozonespecific air quality plasupported bysource attribution studiesisingchemistry
transport model This requirement responds to a key challenge faligymakers the lack of
quantitative understanding of whether ozone originates from local or cbmgder sourcesSource
apportionment techniques are therefe essential tools for identifying emission contributions and
informing effective mitigation strategies.

The Copernicus CAMS Policy Support Sérpiaevides dayto-day and annual statistics of model
sourceapportionment diagnostics to help understand the main drivers of air pollution episdties

Air Control Toolbox (ACT, Colette et al., 2022n interactive visualization tool allowing assessing how
a custom emission scenario targeting primary pollutants and precursors through uniform and long
term Europewide reductions translates in terms of ozone and particulate matter pollution, thegefor
including the secondary pollutant§he tool is based on a surrogate model of the full CHIMEREut

et al., 2024 ChemistryTransport Mode(CTM) To develop this approach, it has been demonstrated
that the CTM could be approximated by a second orddymomial redefined every day according to
forecasted meteorological conditions and trained by a limited nhumber ofnfigitlels runs widely
selected. As of January 2024, the training of ACT is based on the CHikHERI®del (Couvidat et al.,
2025 based on Chimere v2020r3 (Menut et al., 2021his methodology reproduces the sensitivity
when reducing anthropogenic emissimmreferred to as potential impacts in terms of ambient air
concentratiors. The spatial resolution of the modisl 0.2x0.1° (approximatdy 15km) over Europe.

The targeted activity sectors are traffic, industry, residential, agriculture, shipping, and others
OAYOf dzZRAY 3 a2t @Sydaz | @Al GA2Yy I ReduEiN® br&applieditoa i S
the mapped emissianover the whole Europe and for a given activity sector, which means that there
is still some geographical variability in emission changes (e.g. traffic and agriculture emission have
different patterns). This allosvlimiting the number of training scenarios to a dozdt should be
stressed that it is only because the training of the surrogatelelis repeated every single day based

on full CHIMERE simulations that the ACT model can capture the compHireurnty of chemistry

and the realworld meteorological forecasts.

@ https://policy.atmosphere.copernicus.eu/
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The results are provided as maps of air pollutant concentrations (daily means farPsand Q

and daily maxima for £and NQ). The total concentrations as well as the concentrations attributable
only to European anthropogenic emissions are available. Absolute and relative differences with a
reference scenario are available. Relative differences can be computed either retatikie total
concentrations, or relative to the European anthropogenic fraction alone. Diagnostics interpolated at
the locaton of80target cities(up to 120citiessinceJanuary 1, 202avith more than 500,000 habitants

are also available. Those include source apportionment and chemical regimes, as well as a scenario
view which also relies on the country source allocation simulated with the EMEP rmodekample

is given in Figurd.1 for ozonedaily maximum &ours averageshowing the source apportionment in
Niceduring the peak season (from April to September2024.ubstantial contribution is estimated

from the natural and hemispheric sector4%) followed by shipping @) andraffic (7.9%).

Figure4.1: Example of the CAMS Policy Support Service figures from ACT results in Nice for ozone
daily maximum 8hours average (MDAS8) during the peak season (from April to
September) in 2024.

i 2024 ~ @ Nice ~ ©@ 0O;MDA8 ~ £ CHIMERE ~
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In addition to ACT wo source attribution methods aravailablein the CAMS service. The emission
perturbation method pased onEMEP MS&/ - Pommier et al., 2020 referred to as "Potential
Impact”, compares a baseline simulation with simulations where emissions from targeted sources (city,
country, shipping) are reduced by 15%, with the resulting concentration differences scaled to 100% to
estimate the full contibution of each source. The tagging method (LOEOROE& Kranenburg et al.,
2013, referred b as "Contribution”, tracks the origin of pollutants throughout the simulation by
labelling each compound according to its emission source, with secondary aerosol mass (e.g.
ammonium nitrate) equally attributed to both precursor sources. The key differdiesein their
approach: the EMEP method estimates the potential impact of emission reductions, whereas the
LOTOEUROS method directly traces pollutant origins in the atmosphere. Both methods previde 4
day forecasts of hourly time series with source atgm for the top 10 emission sources. The Potential
Impact method (EMEP) covers BMPM s, NQ and ozone, while the Contribution method (LOFOS
EUROS) is available for Blsind PM . Daily time series from 2019 to the present, based on the first
forecast day, are also available for both methoBser ozone source apportionment specifically, the
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EMEP and ACT methods are complementary: EMEP provides geographical source attribution (city,
country, shipping), while ACT enables sectoral source attribution (traffic, industry, agriculture, etc.),
offering a comprehensive understanding of both the origimd the activity sectors contributing to
ozone pollution.

In this work, the CAMS policy service data from A@iTbe integratedwith the EEA dashboatdo
present spatial and sectoral contributions of emissions to urban backgroung Bikls These
contributions arecalculated by the Joint Research Centre (IR@pthe SHERPA to@Pisoni et al.,
2024)andthey arepresented in theJrban PM:s Atlas Thunis et al., 2023 This integration provides
enhancedunderstanding ohow different sectors and geographical areasitribute to health-related
externalities.A preliminary development habeenimplementedto extract ACTestimatesof ozone
source apportionmentor citiesincluded in the Burden of DiseaassessmentEEAbriefing16/2025)
over afull year, representngthe ozone peak season indicatdihese data have been linked with the
2023 burden of diseaseesultsfor ozone(Soares et al., 2035following the same methodology applied
for PMes.

4.1 Section highlights

The revised AAQD now requires 0zone source apportionment studies to identify the causes of high
concentrationepisodes. ThE€EAMS Policy Support Serviaddresseshis need tliough theAir Control
Toolbox (ACT)a surrogate model of the CTM CHIMERE that provides daily source apportionment
diagnosticdor major European citieacross six emission sectors.

For example, ozone MDAS8 concentrations in Nice during the 2024 peak sshseandominant
contribution from thenatural and hemispheridadkground (65%),followed byshipping (10%xand
traffic (8%).These ACT outputsill beintegrated with theEEAdashboardand linked to theBurden of
Disease assessmentonnecting emission sources to health impacts.

5 Monitoring 0zoneprecursors

This section examines-8itu VOC monitoring across Europe. Such monitquingides essentiatiata
to support the design and evaluation abzone mitigation measures nder the revised AAD
requirements.

5.1 NMVOCn-situ monitoring

Systematic monitoring oRMVOCin Europe has evolved over several decades, reflecting growing
scientific understanding and policy attention to their role in ozone formation and air quidhty/OC
measurements began in the late 1980s and early 1990s, primarily within scientific research and
localisedmonitoring efforts. These early activities focused on selected urban environments and rural
background sites to assess photochemical smog formation, with particular attention tmetrane
hydrocarbongNMHC)and oxygenated VOC (OVORjogranmes such as the European Monitoring

and Evaluation Programme (EMRidger the UNECE Convention on Lé&tange Transboundary Air
Pollution (CLRTARMd theVOC monitoringactivitiesunder the WMO GAVplayed apivotal role in
establisting systematic observations of these pollutants. EMEP, GAW and the later years, ACTRIS
(Aerosol, Clouds, and Trace Gases Research Infrastrudtave played a key rolen developing
measurement methodologies and QA/QC procedures for VOC observations in regional and remote
areas across Europe. WMGAW EMEPand ACTRI&re colocated at most Eurogan regional
monitoring sites, and data from all programmes are reported to the EBAS database

® https://www.eea.europa.eu/en/topics/indepth/air-pollution/fine-particulatematter-pm2-5-concentrations
in-europeancitiesspatiatand-sectorspecifiecontributionsand-costsof-prematuredeaths1
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A significant policy development occurred in 1996, when VOC emissions were formally addressed
under the CLRTAP. This culminated in the adoption of the Gothenburg Protocol in 1999, which
introduced emission ceilings for VOCs and encouraged countries towmpronitoring in support of
emission inventories and compliance trackihg2002, Directive 2002/3/EC on ozone in ambient air
incorporated VOCs more explicitly into EU legislati@n,required indicative measurements of ozone
precursor substanceshere necessary to support exceedance management and planning.

In Europe, amore integrated framework emerged with the 20@drective which maintained the

requirement for ozone precursor monitoring. Howeviglember States must report only one sampling

point measuringNMVOC precursors, not the full lias specifiedin the revised AAQDThe revised
AAQDexpands the list of target compoun@Section 3.b of Annex Vit include alcohols, aldehydes,
18d2ySas FyR GSNLISySasz yR F2N (KS mdnkoNdgdhisi A YS N
NEFE SOGa 020K dzZLJRIFIGSR &AO0ASYGATAO dzaRfomskedi I Y RA Y =
comprehensive monitoring to support more effective ozone mitigation stratediesvever, it also

states that nitrogen oxides shall be included, and when appropriate, botla@HNMVOC.

The revised AAQD explicitly states thMiVOC should be measured when approprjdite monitoring
strategyshould depend on th@revalent sources contributing tozone formationin the region.This
can be challenging for Member States to define national stratdbetsalso integrate th&aMEP/WMO
GAW sitesTo that end it is importantto be familiar with the monitoring strategies of the various
programmes and the characteristiobthe NMVOC listed in the revised AAQD

The network desigshould follow criteria such as
1 Geographicatonsiderationsemission sourcg land-use,ecosystemsnd populationdensity.

1 Atmosphericbehaviourand impacts lifetime, reactivity, and potential for ozone formation
and seondary organic aerosol (SOA).

9 Spatial and temporal variatiort continuous mortoring for diurnal andseasonal VOC
distribution ¢ typicallyallowsfor the highestguality measuremerst, ormonitoring using flask
and canister samplingreducing time resolution bullowing a simpler and cheaper approach,
allowing for an increase in the number of sampling points.

1 Existing programs anthfrastructure: coordination withexisting GAW, ENEP and ACTRIS
monitoring infrastructureto reduce sampling and analysisstsand ensuretrained stafffor
maintenanceof the network

These criteria are discussed in the following subsections.

5.1.1 NMVOGmportance fortroposphericchemistryand ozone formation

NMVOCplay a major role irtropospheric air quality and atmospheric oxidation capacagthey
contribute to ozone and secondary organic aerosol formatiBrror! Reference source not found.
provides an overview of the atmospheric lifetimgome formation potential, and its importander
atmospheric processe®r the VOCs listed in the revised AAQD (Bemr! Reference source not
found.5). This table combinemformation on VOCs required for monitoring under the revised AAQD
andinformation on their atmospheric lifetime, maximum incremental activity (MIR), the main sources
and importance in tropospheric processes

MIR isa measure ofhe amount ofozonethat a specific VOC can form under wecsise, VO@mited

air conditions, used by regulatorspoioritize pollutants for smog reductiaThe MIR values presented

are taken from the calculation &fenecek et al(2018), using th€ APRC box mode&rhich simulates a
representative urban atmospheir United States of Americ&€omparing MIR with thEhotochemical

Ozone Creation Potential (PO®BA¥ed on emissions from the United Kingdom (Derwent et al., 1996)

shows tha VOCs with high MIR also have high POCP vdalbesgh itis important to note thabzone

NBIF OGAGAGE GBI NRSaA gAGK GY2ALIKSNAO O2YLRaAAGAZY |
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different VOCs for ozone formation, as their relative ranking remains broadly consistent.

Table5.1: Approximate lifetime, maximum incremental reactivity (MIR) and importance for
atmospheric processes regarding ozone formation of VOCs required by the AAQD.

MIR
(909
. . VvVOC . .
Chemical Compound Approximate emitted) Importance intropospheric processes
family lifetime (GAW (2007)unless stated)
(Venecek
et al,
2018)
Plant emissions, oxidation product
Methanot 12 days 0.67 from methane and other VOC,
Alcohols exchange with ocean
Ethanot 4 days 153 Plant emissions, tracer for biofuel
production and use
9.46 Atmospheric oxidation produ@nd
emissions from biomass burning,
Formaldehydé 1 day indicator of isoprene oxidation, sourcf
of free radicals in remote areas.
Oxidation product of hydrocarbons
and ethanolemission from biomass
Aldehyde Acetaldehyde 10 hours 6.54 burning an important precursor of
peroxyacetyl nitrate (PAN);source of
free radicals in remote areds.
Major firstgeneration oxidation
. product of isoprene; key precursor to
Methacrolein 8 hours 6.01 organic nitrates and SOA, contributes
to radical recycling.
Motor vehicle emissions, biomass
Alkynes Acetylené 15 days 0.95 burning, ratio to other hydrocarbons
(age of plume air), regional trends
Natural gas exploration and extractiol
Ethand 1.5 months 0.28 biomass burn?ng, tre_lcer fo_r methane
sources, hemispheric fossil fuel
emission trends
Natural gas exploration and extractiol
Propané 11 days 0.49 biomass burping, tracgr for met.ha_ne
sources, regional fossil fuel emission
trends
n-Butané 1.15 Petrochemical exploration and
processing, tracer for natural gas
Alkanes i-Butané > days 1.23 extraction and ust
n-Pentané 1.31 Petrochemical exploration and
3 days processing, isomeric ratio indicates
i-Pentané 1.45 impact of N@
n-Hexane 3 days 1.24 Fossitfuel/solventrelated alkanes;
i-Hexane 3 days 15 ozone precursors via OH oxidation
n-Heptane 1.5 days 1.07 oOwhi F2NXIFGA2YyO0T
n-Octane 1.3 days 0.9 can also contribute to SOA under
i-Octane 3 days 1.26 polluted conditions$
Alkenes Ethylene 1.5 days 9 Major petrochemical/combustion

alkene; important urban ozone
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MIR

(909
. . VvVOC . .
Chemical Compound Approximate emitted) Importance intropospheric processes
family P lifetime (GAW (2007)unless stated)
(Venecek
et al,
2018)
precursor due to rapid OH addition
YR whi SOKSYAaidNF
Highly reactive alkene; strong driver @
Propene / . S o
11 hours 11.66 rapid ozone production in high h
Propylene i
condition®
Traffic/industry sources strong ozone
1,3-Butadiene 4 hours 12.61 precursor; forms oxygenated product
that can contribute to SCA
1-Butene 9 hours 9.73 React Ik _ e fast
Trans2-Butene 9 hours 15.16 cactive alkenes, promote ast 0zong
- formation and radical cycling; short
cis2-Butene 8 hours 14.24 o 2
lifetimes make them indicators of
1-Pentene 7 hours 7.21 -
nearby fresh emissiofis
2-Pentene 7 hours 10.47
Petrochemical and industrial
Benzené 10 days 0.72 emissions, tracer of fossil and biofuel
combustion, biomass burning
Petrochemical and industrial
Toluene / 4 emissions, precursor of organic
Methylbenzené 2 days aerosol, ratio with benzene used to
determine the age of plume air
Aromatic Ethyl benzene 1.6 days 3.04
hydrocarbons m + pXylene 20 hours 957854((m; '
; & Reactive aromatics from
0-Xylene 18 hours 7.64 e .
fuels/solvents; major contributors to
1,24 . .
. 10 hours 8.87 urban ozone formation and important
Trimethylebenzene :
123 SOA precursors through multi
. e 10 hours 11.97 | generation oxidatiort
Trimethylebenzene
1,3,5
Trimethylebenzene 12 hours 11.76
Oxidation product from other VOCs,
Acetoné 1.7 months 0.36 source of free radicals in the upper
troposphere
Secondary oxidation product of
Methyl ethyl 7 days 1.48 alkanes; contributes to radical
Ketones ketone )
chemistry®
Isoprene oxidation, participates in HC
Methyl vinyl ketone 2 hours 9.65 recycl_lng;_ precu.r_sor to SOA and
organic nitrates; influences ozone
formation in forested region$
Plant emissions, sensitive to
10.61 temperature, land use, and climate
Isoprene 3 hours change, precursors @izone and
formaldehyde
Terpenes y
p-Cymene 4.44 Plant emissions, sensitive to
Limonene 1-5 hours 255 temperature, land use, and climate
change, precursors GOA
b-Myrcene -
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MIR
(90d/g
Chemical Approximate V.OC Importance intropospheric processes
family Compound lifetime | Smitted) (GAW (2007)unless stated)
(Venecek

et al,

2018)

a-Pinene 451

b-Pinene 3.52

Camphene 451

D3-Carene 3.24

1,8-Cineol -

Notes: 1) NMVOdncluded in the GAW Reactive Gases Prograrf@#aVN, 2007)
2) Singh et al. (2001), Seinfeld & Paif@xl6), Atkinson (2000Q)
3) Wennberg et al. (2018), Carlton et(@009);
4) Parrishet al. (1998, Seinfeld & Pandis (201L6
5) Atkinson & Arey (2003),
6) Singh et al(1995),Atkinson & Arey (2003
7) Wennberg et al. (2018), Paulot et €2009),

Error! Reference source not founghows that alkenes are the VOC group with the highest, MIR
followed by most of the aromatic hydrocarbgrexcept benzene; alcohglalkynes and alkanes have
the lowest.In terms of lifetime, the sbrtest lived are terpenes, followed by alkenes and aromatics,
with some exceptios ethylene for alkenes antenzene toluene and ethyl benzene for aromatics
The longest lived are alkanes, particularly ethane, then alkynes and alcohols. THieddngOCs will
havean important role in longange transported pollution and serve as a source of free radicals in
remote areas; shorlived VOCs can impagtone formation closer to sources and SOA formation.

A studyis presented in Salameét al. 024), on the Maximum Qone Formation Potential (MOFP).
MOFP represents the maximum amount of ozone that can be formed from a given VOC under
conditions favourable for ozone production and was obtained by multiplfiegMIR (Carter, 2010;
Venecek et al., 2018)y the measured concentration of each species. This provides a quantitative
indicator of the relative importance of ambient VOCs for potential ozone formaSafameh et al
(2024) show the results for an agais includin@0 VOCs most measured2h ACTRIBonitoring sites
across Europe (sdggure 51), including Belgium (7 sites), Finlangi{29, France (8ite9, Switzerland

(1 site), Spain (kite), and the UK (8ite9. The dataset comprised 3 industrial, 2 traffic (TR), 15 urban
background (UB), and 1 suburban background (SitEFigure5.1). However, there ia limitation for

data comparison due to the different protocols used for VOC measurements, and the disparity of VOC
species measured at eachesiThe results showed thabn average acrosstes, toluene, m,gxylene,
1-butene, nbutane, and 4pentane collectively accounted for more than 50% of the total MOFP
(calculated as the sum of the individual 20 MOF&Sg)butable to their relatively high concentrations
andMIR valuesTheindividual contributiondor these VOCs amaf 15% + 9%, 13% * 7%, 9% + 8%, 9%

* 6%, and 7% * 5%, respectively
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Figure5.1: Individual contributions of 20 VOCs to thetal (sum of the 20 VOCS) to MOFP (riglat¥
averages for the datasetsollected in 21 sites The box represented the 5t95th
percentiles of ratios. The middle line and middle square represented the median values
and mean values of ratios, respective{@alameh et al., 2024
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5.1.2 Standard nethodsfor sampling and measuringiMVOC

Historically, standard methods have been used to monitor VB&sk in the 9Qone standardized
method for NMHCs based on manual sampling in steel canisters and subsequent lab analyses, and
anotherstandardizednethod for sampling oxygenated VOCs using DNPH tubes followed by analyses
with HPLC in the lakyere usedDuring the yearsa variety of instruments and measurement principles
have been applied, including PMS, Medusa monitors, specialisamhline GC monitors and
adsorption tubes for aromatic species. The types of VOC species have also expanded@®MMI2C

and a few lighbxygenatedvOCst the stat of the period to a very wide spectrum of speciesjuding
terpenes, alcohols, GZ9 NMHC, acetonitrile and numerous branched saturated and unsaturated
NMHC. ForoxygenatedVOG (OVOG), the original EMEP method based on sampling in DNPH
adsorption tubes with subsequent lab analyses is still the method used at one site in Spain (ES0001).
In addition,oxygenatedvOG are nowmeasured by PFRIS and by the GGC FID/FID system at
Beromiinster Switzerland.

As mentioned irBection2.3, thoughstandardanethodshave been usetbr over 30 yearsno method
hasbeenrecognizedas the referencenethod for sampling and measuridpCsother than benzene
(seeAnnex VI A. 6f the revisedAAQD) by the European Committee for Standardisat{@EN)CEN

is one of three European standardisation organisations inBbdisted in ANNEX | of the Regulation
(EVU) No 1025/20F2 Within the CEN, standards are drafted by Technical Committees of particular
scope on the basis of national participation by the CEN members, i.e. the National Stsataardi
Bodies of the European Union member states and some additional Eurapeatries The technical
decisionmaking body within the CEN system workingstemdardisatiorin the field ofair qualityand
ozone precursors and benze@ENTC264/WG1B, currentlydevelopingsix European standards for
the determination of a selection of VOC ozone precurgoesmbient air(listed inTable 5.2

1 Automatic pumped sampling, preconcentration and online analysis by thermal desorption gas
chromatography (TD/GC) with Flame lonisation Detector (FID) and/or Mass Spectrometry
Detector (MSD) for nomethane hydrocarbons (alkynes, alkanes, alkenes, aromatic
hydrocarbons) with exclusion of formaldehyde

® https://eur-lex.europa.eu/eli/req/2012/1025/oj/eng
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1 Manual or automatic pumped sampling, followed by offline TD/GC with FID and/or MSD for
non-methane hydrocarbons (alkynes, alkanes, alkenes, aromatic hydrocarbons) with exclusion
of formaldehyde.

1 Manual or automatic canister sampling, followed by offline TD/GC with FID and/or MSD for
non-methane hydrocarbons (alkynes, alkanes, alkenes, aromatic hydrocarbons) with exclusion
of formaldehyde.

9 Diffusive sampling, followed by offline TD/GC with FID and/or MSD fentrathane
hydrocarbons (alkynes, alkanes, alkenes, aromatic hydrocarbons) with exclusion of
formaldehyde.

1 Manual or automatic pumped sampling of formaldehyde on DNPH, followed by offline
HPLC/UV.

1 Diffusive sampling of formaldehyde on DNPH, followed by offline HPLC/UV.

Atechnical support document on the use of reference and-nefierence methods, and on the quality
assurance process to meet relevant data quality objectives for regulated air pollutants (EGya825)
publishedto provide guidance to the Membe&tates. Althoughthistechnical support document it
legally binding,it provides an overview of current knowledge and best practices on air quality
monitoring, includindNMVOGC based on the CEN workiggoup'swork. Many of the considerations in
this technical sipport document are based on the-BRBANS/ACTRIS guidance document produced
by Salameh et al. (2024)

Error! Reference source not foundshows the recommended applicability of the six standards
considered by the CEN working group on VOC ozone precursors, depending on the VOC to be
monitored. This table is based drable 62 in EC (2025Table 5.2howsthat automatedonline GC
analysidgsthe method capable of measuring all VOCs listeflrinex VIbf the AAQD(seeTable 2.5,
exceptFormaldehydeFor the latter, only pumped/difisive sampling in DNPH cartridgesuitable.

Salameh et a(2024)hascompiled information on the advantages adthwbacksf the sixstandards
andtheir general featureswhichis also available ifables 6-4 (online measurement methodsnd 6

5 (offline measurement method#) EC (2026andreproduced here imable5.3. The documensalso
describeother technicalaspectsregarding quality assurance and quality contiihis information is
crucial for Member States to decide on the methods to monitor VOCs that they can support technically
and financially Salameh et al(2024) concludes thathe recommended analytical techniques for
measuring VOCs require multiple instrumergisice no single system can detect alNd8VOC species
listed in therevisedAAQD In practice, even the most comprehensiveltliRBANS urban superste
measure up to 33 of these speci€Ehe recommendations are that,elpond instrument cost and
maintenance, effective VOC monitoring depends on the availability of appropriate calibration
standards and skilled personnel. As a result, nmsitgsshouldrely on specialised research groups to
perform these measurements for thedQnetworks.

Table5.2: Recommended applicability of future reference measurement methods for VOC ozone
precursors listed in Annex Vif the AAQD (see Table 2.5based on Table-2 of EC (2025Dark
green: method is suitablglight green: methodis suitable with caveats; red: method is not suitable
or not recommended.

Pumped Diffusive
. Automated . P! sampling | Pumped/diffusive
Chemical . Canister | sampling . S
. Compound on-line GC : . in sampling in DNPH
family sampling | in sorbent ;
analyses sorbent cartridges
tubes
tubes
Methanol
Alcohols Ethanol
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Chemical
family

Diffusive

sampling | Pumped/diffusive
in sampling in DNPH

cartridges

Pumped
sampling
in sorbent

tubes

Automated
on-line GC
analyses

Canister

Compound .
sampling

sorbent
tubes

Aldehyde

Formaldehyde

Acetaldehyde

Methacrolein

Alkynes

Acetylene

Alkanes

Ethane

Propane

n-Butane

i-Butane

n-Pentane

i-Pentane

n-Hexane

i-Hexane

n-Heptane

n-Octane

i-Octane

Alkenes

Ethylene

Propene /
Propylene

1,3-Butadiene

1-Butene

Trans2-Butene

cis2-Butene

1-Pentene

2-Pentene

Aromatic
hydrocarbons

Benzene

Toluene /
Methylbenzene

Ethyl benzene

m + pXylene

o-Xylene

12,4
Trimethylebenzene

12,3
Trimethylebenzene

135
Trimethylebenzene

Ketones

Acetone

Methyl ethyl
ketone

Methyl vinyl
ketone

Terpenes

Isoprene

p-Cymene

Limonene

b-Myrcene

a-Pinene

b-Pinene

Camphene

D3-Carene

1,8-Cineol
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Table5.3: Overview of current and emerging onlinand offline measurement methods for VOC
ozone precursors, pros and cons and general featusased on Tables-8 and 65 of EC (2025).

Sampling and Advantages Drawbacks General features and
analysis considerations
techniques
Online measurements
Gas 1 Suitable for most VOC | {Slower time resolution (if | Depending on ambient
Chromatography  speciesgxcept for more than a few species | conditions consider the
formaldehyde are measured) use of moisture, ozone,
1 Medium cost T Difficult to identify more CQtraps and particulate
1 High sensitivity polar, surface sticky filters.
1 Excellent reproducibility compounds 9 Sampling times: 200 min,
Sensitivity might decrease| limits of detection: low
with time, prone to pmol/mol range
retention time shifts 1 Use of preconcentrator
and FID/MSD/PID
detectors
Proton Transfer| 9 Trace gases analysed fBlind to alkanes 1 lonization based on protor,
Reaction Mass| shortly after sampling, fNo selective affinity (reagent ions:
Spectrometer continuous meas. measurements of most H30+, NH4+),
9 Soft ionization & limited alkenes and alcohols 9 Sampling times: down to
fragmentation 1No isomeric separation hundreds of milliseconds
1 Large resolving power, fHigh cost 1 Limits of detection: low
high sensitivity, high time pmol/mol range
resolution
9 Powerful to detect oxy
VOCs
Selected ion flow 1 Soft ionization technique | TUnit mass resolution 1 Dilution with helium
tube mass (softer than PTRIS) fLower sensitivity than 1 Reagent ions: ED+, NO+,
spectrometry |  Fast analysis of specific PTRMS and O+
trace gases in polluted | fLarger losses of reagent |1 Sampling times: seconds
atmosphere and exhaled| ions than PTRIS 1 Limits of detection:
breath {High cost nmol/mol range
Chemical 9 Trace gases analysed 1No isomeric separation | lonization based on charg;
ionization mass| shortly after sampling, 9No isobaric separation transfer or hydride
spectrometer continuous meas. fHigh cost abstraction (reagent ions:
1 Soft ionization & limited Br, I, Ct, CEO-, CHCOGQG,
fragmentation Sk-)

1 Large resolving power,
high sensitivity, high time

resolution
1 Powerful to detect oxy
VOCs
Offlinemeasurements
9 Extended range of fRelative low sampling 1 When selecting a suitable
different VOC families rates and large sorbent consider: sorbent
(captured simultaneously| uncertainties sampling rate for the
by axial or radial diffusior] §Sampling of VOCs is specific VOC, artefacts,
Diffusion into a sampler containing| sorbent specific (no hydrophobicity, inertness,
sampler with typically one sorbent universal solution) thermal stability and
sorbent material| material low sampling fPossible influence of fragility
costs humidity and temperature|  Sampling periods of 1 day
TNeed of protection 4 weeks, analyses therma
shields; limitation in or solvent desorption by
GGFID/MS
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desorption efficiency
(solvent desorption)

TSlower time resolution (if
more than a few species
are measured)

Pumped sample
with sorbent

9 Extended range of
different VOC families
(captured simultaneously
with single or multi
layered sorberdpacked
tubes with up to four
different adsorbents,
good adsorption
properties, low sampling

fPossible instability of the
particles of the adsorbent
possible degradation
during preparation or ove
time, possible losses due
to stickiness or through
aerosol formation and/or
backdiffusion of target
compounds

1 When selecting a suitable
adsorbent or adsorbent
combination consider:
adsorbent strength,
breakthrough and safe
sample volume for each
VOC, artefacts,
hydrophobicity, inertness,
thermal stability and

material costs fiLimitation in desorption fragility
efficiency (solvent 9 Typical sampling times:
desorption) few hoursg 7 days,
sampling flows: 5200 mL
min-1, analyses thermal ol
solvent desorption by GC
FID/MS
1 Specific for carbonyl fPossible contamination | Sampling times:-24h,
compounds that cannot during preparation, sampling flow 1 L/min
Pumped with be sampled in sorbent storage at dark and at <4 |9 Liquid extraction and

DNPH cartridge

materials
9 Low sampling costs

oC, biases due to humidit
impact on ketones and
ozone interferences

analysis by HPLC/UV

9 Easy operation, short
sampling times small
sampling volumes,
small/no organic solvent

fStorage instability,
possibly not quantitative

9 Techniques: needle trap
microextraction, irtube
extraction, sorption trap,
solidphase

Miniaturized consumption, automation microextraction (fibre,
adsorbentbased| of analytical operations, Arrow, retracted fibre),
air sampling and online coupling with thin-film microextraction,
techniques analytical instruments solidphase dynamic
9 Low sampling costs extraction, and stir bar
sorptive extraction
1 Analyses by GC/MS,
PTR/MS
1 Whole air sampling, filled| fPossible contamination | Consider using canisters
canisters are either (memory effects) with passivated inner
analysed orsite or fAdsorptive losses of large surface when sampling
transported to analytical | or more functionalized reactive VOCs
Canisters laboratory compounds (>C7) during |1 Sampling times: grab

9 Medium sampling costs

storage or transport
fPotential interactions with
co-collected water vapour

and oxidants

samples or time averaged
samples from 30 minutes
up to one day

1 Analyses by GEID/MS
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5.1.3 NMVOC data in the-reporting database

Information onNMVOC reported by Member States is submitted to the air quality (A@perting
database hosted by the EEAhe AQ @eporting database gathers observational raw data since 2013
and provides statistics calculated by EEA, time series of observations and metadata associated with
the observation% These metadata provide useful information such as the organisation responsible of
the measurements, the type of the station (background, industrial or traffic), the area of the station
(rural, urban or suburban), the location of the station (latitudendbude and altitude), as well as
information on the measurement methodology (sampling equipment, analytical methods).

The ereporting database contains measurements gaveralNMVOGQC of which 33 ardisted in the
revised AAQDTable 5.4ists the VOCs mentioned by the revised AAQD and tegpective pollutant
identification numbesin the EEA vocabulayf the compound is not listeth the EEA vocabulaon

pollutants, it is indicated asAunderpollutant ID EEAN Table 54.

Table5.4: Ozoneprecursorlisted in Annex VII and the respective pollutant identification number in
the EEA vocabulary

Group Compound Pollutant ID EEA
Methanol NA
Alcohols
Ethanol NA
Formaldehyde 25
Aldehyde Acetaldehyde/Ethanal 427
Methacrolein 318
Alkynes Acetylene 432
Ethane 428
Propane 503
n-Butane 394
i-Butane 447
n-Pentane 486
i-Pentane 450
n-Hexane 443
i-Hexane 316
n-Heptane 441
n-Octane 475
i-Octane 449
Ethylene 430
Propene / Propylene 505
1,3-Butadiene 24
1-Butene 6005
Alkenes Trans2-Butene 6006
cis2-Butene 6007
1-Pentene 6008
2-Pentene 6009
Aromatics Benzene 20

™ cdr.eionet.europa.eu
® https://leeadmzlcwswp-air02-dev.azurewebsites.net/
O https://dd.eionet.europa.eu/vocabularies?expand=true&expanded=_&folderld=1#felder
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Toluene 21

m,p-Xylene 464

0-Xylene 482

Ethyl benzene 431
1.2.4Trimethylbenzene 6011
1.2.3Trimethylbenzene 6012
1.2.5Trimethylbenzene 6013

Acetone NA

Ketones Methyl ethyl ketone NA
Methyl vinyl ketone NA

Isoprene 451

p-Cymene NA

Limonene NA

i -Myrcene NA

Terpenes h-Pinene NA
i -Pinene NA

Camphene NA

n eCarene NA

1,8Cineol NA

Error! Reference source not foun8.2 Figure7.1showsthe number of timeseries available at the EEA
databaseand accessed via ttge 9 ! AQ @ortalper year per VOC groups defined in Annexalvdl Table

5.5 discretises those numbers per compouihce2013, thearomaticshave been the most frequently
reported VOC group, with benzene the most frequentigorted compoundas expected sincie is a
regulated pollutant followed bytoluene Bhyl benzene, np-Xylene and eXyleneare also reported

for manysampling pointsas these three aromatiaydrocarbonstogether with benzene and toluene

- BTEXare common aromatic hydrocarbons found in petroleum, used as industrial solvents, and
known for their distincbdours high volatility, and flammability, posing health risks like carcinogenicity
(benzene) and neurological effe¢t&RC, 2018olden et al, 2005The alkaneare the second group,
with most measurements, though orders of magnitude lowtban the aromatics However,
indeperdently of the groupthe data show that the number of time series has decreased over the past
decade

A positive nog, most of the time series are f@ompounds witlthe highest of theMOFR, tolueneand
m,p-xylene(aromatics)as discussed in Sectidn 1l However the other three compouns- i-pentane,
n-butane (alkanesand 1-butane (alkene)have seen the number of sampling points beieguced
since 2013; currentlyonly 2/sampling points actively report these to EEA.
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Figure5.2: Number oftime series reported in the AQ -eeporting databasefrom 2013to
chemical groupefined in the AAQD.
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Table5.5: The number of time series per compound reported to the HiAn 2013to 2023

Compound | Group AAQD | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Acetaldehy | Aldehyde 8 2 0 0 0 1 1 1 0 0 0
de/
Ethanal
Formaldehy | Aldehyde 8 2 0 0 0 1 1 1 1 1 1
de
i-Hexane Alkanes 7 7 7 6 7 6 7 3 3 3
i-Octane Alkanes 9 9 7 8 6 8 7 8 4 4 4
Ethane Alkanes 8 7 5 6 4 5 5 5 2 2 2
n-Hexane Alkanes 10 9 7 8 6 7 6 7 3 3 3
n-Heptane | Alkanes 10 10 7 8 6 8 7 8 4 4 4
n-Octane Alkanes 9 9 7 8 6 8 7 8 4 4 4
n-Pentane | Alkanes 9 9 7 8 6 8 7 8 4 4 4
i-Butane Alkanes 9 8 6 6 5 6 5 6 2 2 2
i-Pentane Alkanes 9 9 7 7 6 7 6 7 3 3 3
n-Butane Alkanes 9 8 6 6 5 6 5 6 2 2 2
Propane Alkanes 7 7 5 6 4 5 5 5 2 2 2
Propene / Alkenes 7 7 5 6 4 5 5 5 2 2 2
Propylene
1,3 Alkenes 10 9 7 7 6 7 6 7 2 2 2
Butadiene
1-Pentene Alkenes 10 9 7 8 6 8 7 8 4 4 4
1-Butene Alkenes 9 8 6 7 5 6 5 6 2 2 2
Ethylene Alkenes 7 7 5 6 4 5 5 5 2 2 2
2-Pentene | Alkenes 3 3 2 2 3 4 2 4 3 3 3
cis2- Alkenes 9 8 6 6 5 6 5 6 2 2 2
Butene
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Trans2- Alkenes 8 8 6 6 5 6 5 6 2 2 2
Butene

Acetylene Alkynes 7 7 5 6 4 5 5 5 2 2

1.2.3 Aromatics 10 9 7 8 8 10 9 10

Trimethylbe

nzene

1.2.4 Aromatics 10 9 7 8 8 10 9 10 6 6 6
Trimethylbe

nzene

1.3.5 Aromatics 13 10 9 9 9 11 10 11 7 7 7
Trimethylbe

nzene

Ethyl Aromatics 172 | 141 72 49 46 92 85 87 72 72 70
benzene

Toluene Aromatics 268 | 229 | 151 | 107 97| 158| 148 | 142| 120| 113| 109
Benzene Aromatics 597 | 550| 576| 608 | 593 | 616| 555| 571| 598| 535| 521
m.p-Xylene | Aromatics 191 159 89 68 67| 103 | 100 95 77 76 74
o-Xylene Aromatics 191 | 159 88 57 53| 103| 100| 100 91 90 87
Isoprene Terpenes 8 8 6 8 5 7 6 7 3 3 3

The data reported show that there is more consistency across time for aromatics, as expected, but also
for alkanes and alkenes. Considering only the sampling points with data reported for more than two
years, the analysis of the data reported shows tfsgieTable A.1 andFgures A.1¢ Al.11in Annex

1 for the full da#):

1

AldehydegseeFigure Al.X only France reports, but only one station reports for more than two
years of data.

AlkaneqseeFigure Al.2 measured in Austria (1), Denmark (1), Spain (1), Poland (1), Sweden (4),
and UK (4), these include only stations with more than two years of data. All the stations measure
several alkanes.

Alkenes Figure A1.R measured in Austria (1), Denmark (1), Spain (1), Poland (1), Sweden (4), and
UK (4), these include only stations with more than two years of data. All the stations measure
several alkenes.

Alkynes (acetyleneseeFigureAl.4: continuous reporting for acetylene (alkynes) and isoprene
(terpene) between 2013 and 2023 for a station in Sweden and another in Poland. There are also
data for stations located in the UK (4) until 2020.

Aromatics:

o 1.2.3/1.2.4/1.3.5trimethylbenzenegseeFigure Al.bare measured in Austria (1Bulgaria 1),

Denmark (1), Finland (1), Poland (1), Spain (1), Sweden (1), and UK (4). All of them, except the
Finnish station, measure the three compounds.

Benzeng(see Figurédl.6 is measured in 947 stations, with 361 measuring for more than 10
years across Europe: Austria (6), Belgium (15), Germany&@8ipia (4), Finland (Brance (24),

Croatia (3)Jtaly (122), Lithuania (1), Malta (Nprway (7),Poland (31), Portugal (1), Slovenia

(2), Slovakia (9), Spain (86), and Sweden@8&)er countries with stations reporting data for

more than two years are Bulgaria (1), Czechia (24), Cyprus (1), Denmark (1), Ireland (1), Greece
(7), Luxembourg (1), and U&7).

Ethyl benzengsee Figuré1.7) has been reported for more than 10 years in Austria (1), Croatia
(12), Germany (3), Finland (1), France (1), Italy (4), Poland (1), Slovenia (2), and Spain (11). Other
countries with stations reporting data for more than two years are Ireland (1), Den(hgark
Greece (1), and Sweden (1).
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0 m.p-Xylene(see FiguréA1.8 has been reported for more than 10 years in Austria (1), Croatia
(11), Germany (13), Finland (1), France (1), Italy (2), Malta (1), Poland (1), Slovenia (2), and Spain
(11). Other countries with stations reporting data for more than two years are Irelapnd (
Denmark (1), Greece (1), and Sweden (1).

0 o-Xylene(see Figuré1.9 has been reported for more than 10 years in Austria (1), Croatia (11),
Germany (13), Finland (1), France (1), Italy (8), Malta (1), Poland (1), Slovenia (2), and Spain (11).
Other countries with stations reporting data for more than two years are Irelaphddenmark
(1), Greece (1), and Sweden (1).

0 Toluene(see Figurd1.10 has been reported for more than 10 years in Austria (1), Croatia (12),
Germany (25), Finland (1), France (1), Italy (9), Malta (1), Poland (1), Slovenia (2), and Spain (11).
Other countries with stations reporting data for more than two years are Irelaphddenmark
(1), Greece (1), Latvia (1), Lithuania (1), Portugal (1), Sweden (2), Switzerland (2), and UK (5).

1 Terpenes (isoprenesee Figurdl1.1]): same as acetylene (same stations), and there is continuous
monitoring in Spain (until 2020) and in Denmark, both countries with a single station.

5.1.4 EMEPand GAWmonitoring program

VOC data from the EMEP VOC monitoring program, research projects and field campaigns are hosted
in EBAX. The database allows querying the data, provides time series and metadata associated with
the observations. Most of the institutions providing VOC data are participating in the ACTRIS
infrastructure, which results in an extensive effort with data checking

The latest EMEP report &fOC(Solberg et al., 2024) showlse status of the networlover the 2003
2022 period In 202, the EMEP VOC program includ&fl measurement sitesseeFigure 53. The
measured VOCs consist of various groups of spésiesTable 5.6which could be split into NMHC
and oxygenated specid®VCC) Monitoring of NMHC is carried out at all sites excapthe Spanish
site, whereas OVOC are measured at fewer sites.

Beginning in the earl¥990s with standardised techniques involving manual sampling in steel canisters
and adsorption tubes analysed in laboratories, the range of methods now includes various instruments
and measurement principles, such as automated continuous monitors and nfleslasamplesThe

VOC monitoring at EMEP siteas become more diverse with time in terms of methods and
instrumentation.Figure 5 shows the number of time series available during the 12022 period

and per chemical group onsgtrument type,and Figure 55 shows, for the same period, the data
availability per station and per instrument.

Table5.6: Description of the VOC species used in each category described in the analysis

General name Lumped species

NMHC ethane, propane, fbutane, 2methylpropane, Apentane,2methylbutane, 2
2-dimethylpropane, ethene, propene, butenesblitene, trans2-butene,cis
2-butene, pentenes, cig-pentene, trans2-pentene, 13-butadiene,2
methylpropene, 2methyt1-butene, 3methyl1-butene, butenesl-pentene,
2-methyl2-butene, tpentene, ethyne, propyne,-fhutyne,n-hexane, n
heptane, noctane, nnonane, 22-4-trimethylpentane,22-dimethybutane, 2
methylhexane, Znethylpentane, 3methylpentane,22-4-trimethylpentane,
2-2-dimethylpentane, 2+3nethylheptane jsohexanes, isoheptanes;22
dimethylbutane, 23-dimethylbutane,23-dimethylpentane, 3methylheptane,
unresolved_6_hydrocarbons, cyclbexane,methykcyclohexane, methyl

19 epas.nilu.no
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cyclopentane, dhexene, cyclgpentene, 24-dimethylpentane,33-
dimethylpentane, 22-3-trimethylbutane)

ovoC

methanal, ethanal, propanal-@ethylpropenal, 20xopropanal, 2oropenal,
benzaldehyde, butanales, pentanal, hexanah&hylpropenal, ethanedial;3
methylbenzaldehyde,-Butenal, 4methylbenzaldehyde,-Buten-2-one,
butanone, propanoneyaleraldehyde_dolualdehyde, 3methylbutanal, 2
methylbenzaldehyde

Aromatics

benzene, toluene, -@ylene, mp-xylene, ethylbenzend,-2-4-
trimethylbenzene, 13-5-trimethylbenzene, 12-3-trimethylbenzene 1-ethyl-
3-methylbenzene, f¥thyl4-methylbenzene, 33-5-trimethylbenzene 1-2-4-
trimethylbenzene

BVOC

isoprene, eucalyptol, camphene;gymene, betapinene, 3carene, alpha
pinene, limonene, monoterpenes

Alcohols

2-propanol, methanol, ethanol,-propanol

Figure5.3: VOC monitoring sites in 2022 (Solberg et al., 2024).
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Figure5.4: VOC monitoring fumber oftimeseries) during the 1992022 period per chemical group
(Solberg et al., 2024)
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Figure5.5: VOC monitoring fumber of timeseries) during the 1992022 period per instrument
(Solberg et al., 2024).
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Figure5.6: VOC monitoring during the 1992022 period per site (Solberg et al., 2024).
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Figure ™4, Figure 55 andFigure 56 are relevant taunderstandinghe magnitude of the data available

and the continuity of the time series per individual station. The data analysis shows that the VOC data
available varies on a yearly basis, and most of the data available is for NMHC. The data shows many
stations with lang-term monitoring, which correlates well with the amount of data available and the
increase in the use of online continuous monitoringowever when discretising the data per
component,it can be hard to access the data for a continuous and long period of time.

According to the official emission data, there have been marked reductions in anthropogenic emissions
of VOCs during the laf@w decades in Europé€n the same tokergeveralstudies using EMP data
have revealed declinein the measured concentrations

1 Derwent et al. (2014) showed substantial declineS2C8 hydrocarbonsoncentrationin the
UK, mostly at urban/suburban locatignsith recent levels close to an order of magnitude
below the levels in the early 1990&ponential declines isoncentration of approximately
11% vyl to -22% y* were observed durind994-2012. They also found a marked difference
between ethane and propanevhich showed relatively stable levels, wherediser alkanes
showed pronounced declines.

1 Sauvage et al. (2009) and Waked et(2a016)reported clear decreases in most NMHCs at
French EMEP rural sitésee Figure 5.7)Ethane was an exception to this and showed more
stable levels.

1 Analyses of the twenty yeac§ NMHC monitoring at the EMEP/GAW site Pallas in the Finnish
Arctic revealed a significant downward trend only for ethyne (Hellen et al., 2015), concluding
that other source regions than the EU were dominating the NMHC levels at the site.

1 Solberg et al. (2024howedthe decrease oNMHClevelsmeasured at Hohenpeissenberg
(DE0043) during the period 20@B822 see Figure B. The figure is based on results from the
AirGAM model (Walker et al., 202®&hich isa nonlinear regression mod#hat adjusts the
trendsto discount the effects afneteorologydeveloped at NILU in cooperation with the EEA.
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Figure5.8: Meteorological adjusted trend in relative concentrations of NMHCs at
Hohenpeissenberg 2003022 as calculated by the AirGAM modé&d]berg et al. (2024

Trend in relative NMHC concentrations at DE0043
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5.2 Methane insitu monitoring

Although methane has a low MIR (0.0144 g¢gQ/OC), it has a very long atmospheric lifetime (~10
years, Seinfeld & Pandi®016). Methanas alsoclassified as a greenhouse gas, wittD@yearglobal
warming potential 28 times that of carbon dioxide and 84 times that of carbon di@xide 20year
timescale(IEA Methane Tracker 2021 The mainmethaneemitting sectors are agriculture (40%),
fossil fuels (35%), and waste management (20%) (CCAC, 2021)

The primary goals of measuring ozopeecursorslike methane include analysing trends in these
precursors, assessing the effectiveness of emission reduction strategies, verifying the consistency of
emission inventories, supporting the understanding of ozone formation and dispersion processes,
evaluatirg photochemical models, and identifying emission sources responsible for observed pollution
concentrations

There are nonreference methods for measuring methane. Methane is typically measured {3I5C

used for online monitoring of methane and NMVOC. However, laser spectroscopy techniques, such as
cavity ringdown spectroscopy (CRDS) and direct absorptiontepsmpy (DAS) or Fourier transform
infrared (FTIR) spectroscopy, are increasingijised. Zellweger et al(2016 show that laser
spectroscopy hasa higher temporal data coverage and better repeatability and lineati
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Integrated Carbon Observation System (ICOS) netwask been using CRDS wisely. The quality
assurance and quality control requirements are available in GAW report 185 (GAW, 2009).

Methane data have been reported to EBAS since 2013 in 35 stations across 11 European countries (AT,
BE, CZ, DE, ES, FR, GB, IE, IT, MT, NO) under the WMO/GAW and EMEP progeateO&snetwork

is one of the major coordinated methane monitoring infrastructures in Eurépeused on high

quality, longterm greenhouse gas measurements, including methamith data from39 stations

across B Europearcountriesavailable at the ICOS data pottaln terms of eReporting, the methane
pollutant ID is given in Table 5.7 and the evolution of reported time series from 2013 to 2023 is
presented in Table 5.8. As illustrated in Figure 5.9, methane reporting remains limited to Germany,
where ten stations cuently submit measurements to the EEA.

Table5.7: Ozone precursog methane- listed in Annex VII and the respective pollutant
identification number in the EEA vocabulary.

Group Compound Pollutant ID EEA
Alkanes Methane 41

Table5.8: The number of time series for methane reported to the EEA from 2013 to 2023.

Compound Group 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
AAQD
Methane Methane 0 0 0 7 7 7 9 9 9 10 10

Figure5.9: Methane time series reported to EEA.
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Although global in scop¢he Total Carbon Column Observing NetwdfCCONalso includes several
European stations that provide precise coluaweraged methane measuremen(tsnd other gases).
TCCON data are often used to validate satellite methane products and to complement surface

(9 https://data.icoscp.eu/portal/
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measurements with vertical column informatiofhe data have beenavailable sice 2004 for many
European stationd as shown irFigure5.10.

Figure5.10: CH monthly medians from all TCCON sitéscluding 14European sitegTCCON, 2025

TCCON monthly median XCHy, Jun 2004 to Sep 2025
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5.3 Remote sensing

Satellite remote sensing has emerged as a critical tool for observing the spatial and temporal
distribution of VOCs and their oxidation products. Although most VOCs cannot be retrieved directly
from space due to weak absorption features or short lifetimesyrtain species particularly
formaldehyde (HCHnd methaneserveas effective proxiefor shortlived speciesFormaldehyde

is a ubiquitous intermediate in the oxidation chains of most -nmethane VOCs, and because its
atmospheric lifetime is on therder of hours, enhanced HCHO columns from satellite measurements
provide meaningful information about underlying V@@issions (De Smedt et al., 201B)odern
satellite VOC retrieval relies on tixsible spectroscopy, where backscattered sunlight is measured at
high spectral resolution. Formaldehyde exhibits distldgt absorption featurgamaking it suitable for
operational remote sensing. Retrieval algorithms correct ifderfering with absorbers, aerosols,
clouds, and surface reflectance.

Global observations of methane from space began with the SCIAMACHY instrument in 2003 and
continued through2014 andhave since been supported by the TANSIS instrument aboard GOSAT
since2009 supportingmethane emission inventories (Jacob et 2022).

The first spaceborne observations of formaldehyde were achieved using instruments such as GOME
on ER& and SCIAMACHY on ENVISAT. These sensors demonstrated the feasibility of global VOC proxy
monitoring but had limited spatial resolution (tenslafometerg, restricting the ability to resolve fire

scale emission pattern©MI, launched in 2004, significantly advanced the field by providing daily
global coverage with improved resolution. Its d&amsa crucial bridge connecting past and present
VOC timeseries. However, the true breakthrough came with the launch of TROPOMI in 2017, offering
more than an ordeiof-magnitude improvement in resolution compared to GMiown to 3.5 x 5.5

(2 https://tccon-wiki.caltech.edu/

ETC HE Report 2022/ 47


https://tccon-wiki.caltech.edu/

km2 and later 3.5 x 3.5 kmT.he development obuchhighresolution satellitespectrometers has
revolutionized the ability to observe shotived species with unprecedented detailith amnsistency
across missionsasbeen improved througtharmonized methodologies (De Smedt et al., 2021).

Missions such as Sentirglaunchedin July 2025 an&entinel5 in August 2025vill further enhance

temporal coverage, while geostationary observations promise -geatinuous monitoring over

selected regionsSentinel4, positioned in geostationary orbit on MT&, now provides hourly
observations over Europe and North Africa. This temporal resolution captures diurnal ioyvle€

emissions, particularly those frobiiogenic sources influenced by solar radiation and temperature

HCHO and glyoxal (CHOCHQjIsoobserves ozone an@H (ESA, 20175entinel5, aboard MetOp

SG Al, dérs daily global coverage with enhanced spectral and radiometric performance
constituents of the atmosphere such as 0zphkCHO, CHOCHO and: (BEEA, 2020)t continues and
AYLINR@Sa dzLll2y ¢whthalLQa YSIadaNBYSyita 2F TF2N)If
atmospheric composition studies.

For methane specifically, the expanding constellation of satellites, including TROPOMI, MethaneSAT
(launched in 2024), anGOSATW (launched in June 2025)s progressively improving detection
capabilities from global mapping to faciliégale monitoring (see Section 8 for a detailed assessment).
Using TROPOMI data from 2019 to 2023, Pendergrass et al. (2025) assessed trends and seasonality of
global methane emissions and found that emissions in Europe have decreased by less than 8% per
year. Regarding fanaldehyde,De Smedt et al. (2021) report that HCHO levels are ldav&urope

than in Asia or the United States of America, but some urban areas remain detectable in Southern
European countries. Monthly and yearly averaged HCHO columns from October 2004 to December
2020 show a stable level of this V@©xy over Europe

Despite significant progress, remote sensing of VOCs remains liimigefeew proxy species primarily
formaldehyde Clouds, aerosols, and low surface reflectance reduce retrieval sengkiylting et al,
2018). While formaldehyde provides valuable information on total VOGxidation and biogenic
emissionsit cannot distinguish between individual NMVOC species with different reactivities and
source signaturesSimilarly satellite observations alone cannot fully characterisengthaneemission
sources, particularly small and diffuse sources such as agricultural activilibgs limitation
underscores the complementarity role of-&itu monitoring networks (Section 5.1), which remain
essential for characterizing the full spectrum of VOC species listed in the revised AAQD, assessing
source specific contributions and supportihg development of targeted emissions control strategies.
An integrated monitoring strategy combining satellite observations with grelasked networks and
in-situ VOC measurements (see Section B.1herefore necessarp support both ozone mitigation
and topdown verification of methane emissions.

5.4 Section highlights

This section demonstrates that establishing@opean monitoring network for methane and NMVOC
that is compliant with theevised AAQDs technicallyfeasible butrequiresstrategic prioritization,
coordination with existing infrastructuresand aphased implementation approach

Europe already benefits from several lestginding and welestablished monitoring programmesd
research infrastructuresncludingeMEP, WMO/GAW, ICOS, and ACTRIS8ch collectively provide
high-quality measurements of many ozone precursors, including methane and a substantial subset of
NMVOC. These programmegsovide a strong foundation inmeasurement expertise, quality
assurance procedures, trained personnel, and data management systdhereby significantly
reducing the need to build an entirely newmonitoring infrastructure.
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The revised AAQD introduces axpanded list of NMVOC speciesd, for the first time, explicitly
referencesmethane as an ozone precursoreflecting advances in scientific understanding of ozone
formation and atmospheric chemistry. While tAdQDrequires NMVOC and methane measurements
onlyd 6 KSy | LILIWE kidsls (sidws that many of the compounds listpdrticularly
aromatics and alkenes with high ozone formation potentiabre already measured aeveralsites
across Europe and reported through the EEfemorting system. This demonstrates thpartial
compliance already existsespecially for compounds most relevant to urban ozone formation.

However,the current monitoring landscape is fragmentedvith large differences in the number of
compounds measured, temporal coverage, and applied methodologies across Member States. Long
term, continuous time series are mainly availafwe aromatic hydrocarbonge.g. benzene, toluene,
xylenes), while measurements afkenes, alkanes, oxygenated VOCSs, terpenes, and methanee

more limited in spatial coverage and continuity. This heterogeneity poses challengeahefor
harmonizedimplementation of the reveed AAQD,and assessment of policies implemented at the
European level.

Aligning monitoring priorities with dominant emission sources essential tomaximize the
effectiveness of network design. As detailed in Sectionrégidential heating, solvent use, coating
applicationsand manure managememow account for56% of EU NMVOC emissioridased on the
EMEP/EEA Guidebook, these activities release a characteristic suite of compounds including aromatic
hydrocarbons (toluene, xylenes, ethylbenzene, benzene, trimethylbenzenes), ketones (acetone,
methyl ethyl ketone), alcohols (ethanol, methdpoand alkanes used as propellants or solvents
(propane, butane, fhexane, Aheptane). Most of these compounds are included in Annex VIl of the
revised AAQDwith toluene and m,pxylene alone contributing approximately 28% to the Maximum
Ozone Formation &tential (Salameh et al., 2024). For regions where these sources dominate,
monitoring strategies should thereforprioritize BTEX compounds, trimethylbenzenes, and key
ketonesat urban and industrial sites. Such targeted monitoring would provide essential data to assess
the effectiveness of emission reduction measures

It could also be beneficial toimplement BTEX monitoringmore broadly across Europeas these
compounds pose aignificant health burden have a high ozone formation potentiahnd are good
indicators of petrochemical and woodurning emissions Othernetworks could be established to
focus on specific sources, suchbésgenic emissiongterpenes) to further understand thé impact
on the formation ofozone. However their high reactivity may hindghe investment as they require
online monitoringand tednical personnel with experience in these NMV®®ally,the lack of
formaldehyde datamay hinderefforts to validate satellitederived concentration levelsit would be
beneficial to obtain additiondh-situ datafor this compound

The same principle applies teethane monitoring As detailed in Section 7.BEJ Cklemissions have
decreased by 39% since 199But trends vary considerably across sectors and Member States.
Agriculture remains the dominant sourgevith enteric fermentation accounting for the largest share

of total emissions, while the waste and energy sectors have achieved significant reductions. However,
emissions from biological waste treatment are risimg composting and anaerobic digestexpard.

Given this sectoral distribution, GlFhonitoring strategies shoulgrioritize: (1) agricultural regions

with high livestock densities; (2) areas with significant biogas production and biological waste
treatment facilities; and (3) regions with remaining fossil fuel infrastructur&urrently, only
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Germany reports CHmeasurements to the EEA-reporting database highlightingthe need for
expanded monitoring coverageExisting research infrastructures and programmes provide a
foundation for expanding GHnonitoring: ICOSocuses on greenhouse gas observatidalslEPand
WMO/GAW offer longterm background measurements, adf@CCONbrovides valuable benchmarks
for validating satellitederived dataLeveraginghese networks would support a more comprehensive
monitoring approach aligned with the revised AB@quirements.

Beyond strategi@rioritization, technical considerationsare central to network desigrthe section
shows thatno single analytical technique can cover all NMVOC speliséad in Annex VI, confirming
that compliance will require a combination of methods, includiagtomated online gas
chromatography, targeted offline sampling (e.g. canisters or sorbent tubes), and Dbdded
techniques for carbonylsGas chromatography can also be used for methane, though other tectmique
are gainngground.The ongoing development &EN standardand the availability of guidance from
EC (2025) and ACTRISHRBANS provide a clear pathway karmonized qualityassured
measurements that meet regulatory data quality objectives.

Overall, the findings indicatihat compliance with the revised AAQD is achievaltleough atiered
network design combining:

1 Core, continuous monitoring sitefe.g. urban background and regional background stations)
equipped with advanced online instrumentation,

1 Supplementary sitesising simpler or lowecost methods to improve spatial coverage,

1 Strong integration with existing European research infrastructutesoptimizecosts, ensure
methodological consistency, and sustain léagm data availability.

1 Integration of satellite observations with groundbased measurement enhance spatial
coverage and support tegown verification of emission inventories.

Such an approach would allow Member States to align regulatory air quality monitoring with scientific
best practicejmprove understanding of ozone formation driversind suppormore effective ozone
mitigation strategiesacross Europe.

6 Ovewiew of ozone air quality plans

The implementation of adapteddOC monitoring strategy is essential for establishing and monitoring
the effectiveness of precursor reduction measures. This strategy must account for local emissions
sources, VOC species most relevant to ozone formation, and appropriate measurement
instrumentation. Such precursor reduction measures, along with the comprehensive regional and
national ozone plans that integrate all mitigation measures, have become mandatory under the
revised AAQD when target values are exceeded as outlined before. Thariglleection summarizes
existing plansacross Member State® document current efforts and identify remaining actions
needed.

A common framework for transboundary cooperation on air pollutiGhRTAP) was established at
international level along with the negotiation of the Gothenburg protocol to Abate Acidification,
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Eutrophication and Grounbbvel Ozone. In line with these international commitments, the NEC
Directive sets national emission reduction for Member States and the EU for ozone precursprs (NO
and NMVOCs) and other major pollutants {S@H and PMs) in the aim of decreasing their
concentrations in ambient air. To meet these commitments at national level, air quality plans targeting
ozone must be designed, and appropriate measures must be implemented to reduce the frequency of
occurrence of ozone pé&eaconcetrations and exceedances of target values. Indeed, the revig€@D
established longerm and shortterm standards for ozone such dgtailed in sectior2, table 2.1.

Ozone mitigation strategies are not straightforward as it is a secondary pollutant characterized by non
linearity in the chemical processes involvinggN@MVOCs (from local and remote emissions) and CH
(from global background) as main precursors. This represents a real challenge for countries depending
on their territory neteordogical cowlitions,geographical locatiarinsolationand dominant activities
leading to precursors emissions), to define such a plan and that often requires preliminary studies. In
this context, thisectionprovides an overview afome of theozone plans implemented by European
countries and makes the link with ozone target values exceedances inrépoging database.

In this purpose, an Eionet consultation was launchedthte Thematic Group on Air tgather
information on existing national or regional air quality plans for ozone currently in place or under
development, scientific studies or research projects related to ozone formation and any relevant
policies or measures implemented to address ozpo#ution in theEEAmember countries. Twelve
countries responded, including Croatia, France and Spain which have developed or already
implemented air quality plans for {as summarizedn Table 6.1. Boxes arecoloured grey when
information has been provided defining the category of documents.

Table6.1: Summary of the feedback of thmlember Statego the EIONET consultation for air
quality ozone plans.

Country AQ plans Measures Scientific | Communication Other
for ozone studies

Croatia

France

Spain

Germany

Switzerland

Bulgaria

The
Netherlands

Ireland

Estonia

Malta

Austria

Poland
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Most of the countries conducted scientific studies and research projects with the following main
objectives: the prediction of surface ozone levels, the understanding of the mechanism of ozone
formation, the qualification of the potential contribution ofrgcursors to @formation, the source
apportionment on @precursors and the impact of climate change on ozone levels in the ambient air.
In addition, actions for communication are carried out in France by offering educational video online
on ozone pollution and on actors involved in regional plans. Switzeplianthiced online factsheets to
inform and present the situation of the country regarding ozone pollution.

In the following, the main air quality plans for ozone that are under development and already
implemented in Croatia, France and Spain, are presented. Those are put into perspective with the
exceedances of the target valtigat were reported irthe e-reporting database.

6.1 Air Quality Plans for Ozone in Croatia

The Action Plan for the Reduction of Ground level Ozone Poltéitiaa been implemented at national
level in Croatia. This plan focuses on two main lines of action:

1. Reducing emissions of hitherto unregulated or poorly regulated sources of ozone precursor
emissions such as maritime, ocean and aviation, which are steadily increasing. Emissions in
these sectors are projected to increase significantly in the coming decade

2. Continue rigorous application of existing measures to reduce emissions of ozone precursors,
with a focus on further reducing emissions of NOmMpounds and methane, as a priority in
the most sensitive areas. In addition, it is essential to link the activities of all major sectors so
that emission control measures cover cumulative and not only individual effects of emissions
from these sectors.

In this regard, the effectiveness of measures to reduce emissions of ozone precursors in Croatia from
different sections on ground level ozone concentrations wanalysedbased on modelling study
(EMEP4HR). It emerged that tackling ozonequires international, national and local efforts to
effectively reduce emissions of 0zone precursorsy@&@NMVOCSs). At national level, emissions are
regulated by the NEC Directive on the reduction of national emissions of certain atmospheric
pollutants, amending Directive 2003/35/EC and repealing Directive 2001/81/EC, which has been
transposed into Croatian ledggion through the Regulation on national obligations to reduce
emissions of certain air pollutants in the Republic of Croatia (Official Gazette 76/18) which sets national
emission quotas for ozone precursors.

In this context, Croatia developed three regional plans for the areas of the city of-1 ahéncity of
Zagreh® and the city of Pufd. The implementation of the improvement measures in terms of ozone
level in ambient air started in 201 thisreport, we will focus on the plan of the city of Pula which is
the most elaborate and the most documented plan. It aims at defining a framework and action plan
for effective air quality management to achieve levels of air pollution below the targekosggerm

13 pHMZ, 2012.

@49 High resolution environmental Modelling and Evaluation Programme for Croatia-Z0iIs).
9 11. Mjere za smanjivanje razina prizemnog ozona_EN.docx

18 Mjere za smanjivanje razina prizemnog ozona 22238 EN.docx

@7 akcijski_plan_ozon_grad pula_svibanj 2022 zadnje EN.docx
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values for ground level ozone in the city of Pula. The plasimplemented following the adoption in

Hamep 2F GKS at NRG202f 2F | OGAzy Ay Ol asS 2F SEOS
f S@PSt 212yS Ay (GKS OAaAGe 2F tdzAlFéad LG ¢l a -RSyz2ya
term obijectivefor groundlevel ozone were exceeded in 2017, 2018, 2019 and 2020 at the measuring
stations in Pulat¢o suburban background measuring stations, which are representative of the Istria

County ai quality situation). Indeed, in addition to emissions frinaffic, the ozone pollution in Pula

is closely linked with the industrial and the port activities, the presence of the airport along with a
favourableclimate characterized by dry and warm summers.

Before implementing the air quality plan, air quality assessment, especially source apportionment and
quantification of the impact of envisaged measures of pollutant concentrations are required. In the
region of the city of Pula, this is based on (i) theasurements of pollutant concentrations from two

air quality monitoring stations, (ii) the reported emissions data from stationary sources in the city of
Pula in the Environmental Pollution Register, (i) lidVOC emissions data from tiNMVOC of the

Ministry of Economy and Sustainable Development database and (iii) the spatialization of the
LINBOdzNBE 2 NR& SyYAdaizyad ¢KAa ogle> GKS YIFAY, a2 dzND!
and NMVOCs. An increase inNmissions is shown between 2046d 2020. NMVOCs emissions in

the city of Pula depend on the year ltiey were the highest in 2018. Emissions from service stations,
waste, household have beamalysedas well as the activity related to road transport, maritime and

air transport sectors. Furthermore, the spatialization of emissions was performed in the EMEP network
resolution 0.1°x 0.1° for the Republic of Croatia and its five zones and distribution in the high
resolution network 500m x 500m for four agglomerations. A portal of spatial distribution of emi$sions

has been launched that allows the visualization of the distribution of the emissions,@hd®MVOCs

in Istria County showing the highest level of emissions around the city of Pula. In this area, it was
demonstrated that the main contributors for emissions of N(Be industry (64%), road transport

(15%), shipping (7%) and small fireboxes (5%). NMVOCs emissions are mainly from the solvents (67%),
small fireboxes (13%) and the industry (7%). In addition, regional and background pollution has been
analysedbased on the EEA annual report on pollutant concentrations in the EU and the EMEP reports
on Transboundary particulate matter, photooxidants, acidifying eumtdophying components.

Based on this air quality assessment, the action plan of the city of Pula was elaborated and the
following measures were implemented during the period 2020 to 2024:

1. Information and education of the public:
0 Public reporting on air quality
o Information of the citizens of the occurrence and cessation of exceedance of the
information threshold and alert threshold for ozone
o Education of citizens on actions and recommendations for protection during the heat
wave
0 Raising awareness of groutel/el ozone issues
o0 Education of citizens and promotion of proper use of biomass fireboxes
2. Measures aimed at reducing emissions from road transport:

(9 https://emep.haop.hr
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0 Greening of roadside belts
0 Greening according to General Urban Plan provisions
3. Measures aimed at reducing emissions from maritime transport:
o Installation of electrical connections for the supply of electricity to stationary ships and
for cargo transshipment
o Determination and prescription of the permitted parameters for vessels using the port
4. Measures targeting energy efficiency and use of renewable energy sources
o Continue with the implementation of measures according to the Energy Efficiency
Action Plan of the City of Pula for the period 22122
o Encouraging cooperation on EU projects

No information on measures for ozone pollution reduction or the implementation of ozone plan has
been provided in the @eporting database.

NeverthelessCroatia has reported exceedances that are summarizédble6.2 andFHgure 6.1 from
2019 to 2023 with a focus on the days when maximum daily dight mean exceeded 20 pg/m?
averaged over 3 years as the reporting metric.

Table6.2: Number ofdayswith maximum daily eighthour meanabove120ug/m? (as defined for
the target value- TV) as reported in the ereporting database for Croatia from 2019 to

2023.
Population Number of days
Year | Area classification | SPO Location exposed above120ug/m?®
suburban SPO 992 | Istra 25000 57
2019 | rural-remote SPO_475 | Dalmacija 0 53
urban SPO 745 | Zagreb 31553 30
2020 | rural-remote SPO_475 | Dalmacija 0 42
2021 suburban SPO 992 | Istra i} 25000 40
rural-remote SPO_475 | Dalmacija 0 37
2022 suburbap SPO 992 | Istra i} 56500 41
rural-regional SPO_475 | Dalmacija 0 26
2023 suburban SPO 992 | Istra 56500 28
rural-regional SPO 475 | Dalmacija 0 78
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Figure6.1: Numberof dayswith ozone maximum &ours meanabove120ug/m? depending on
the year and the sampling point in Croatia.
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The threeyear average 8 hours daily maximum has been mostly exceeded in 2019 and 2023. The

Al YL Ay 3 LR mymber &f fayseppapehtectirorange inFigure6.1 and inTable6.2) is in

the city of Pula and shows significant numbedaf/s above 12Qig/m? (166 daysetween2019and

2023 depending on the year. That number tends to slightly decrease over the period 2019 to 2023,

which corresponds to the period of the implementation of the action plan of the city of Pula. The two

other sampling point&x { t hytnpé YR a{thynTtpé F+INBE NBALISOGAOBS
These SPO are in other regions of Croateg(eb andalmacija respectively and recorddayswith

maximum 8hours meanabove 120ug/m?, especialfdSPO_476sampling pointwith 236 daysrom

2019to 2023

6.2 Air Quality Plans for ozone in France

In France, various planning tools have been developed. The national plan for reducing air pollutant
emissions (PREPAhas been established for 202025 defining the actions to be implemented to
achieve the national targets for reducing emissions of certain atmospheric pollutanis N8O
NMVOC, NE PMs) for the years 2025 and 2030. At the inteunicipal level, measures are defined

in the Atmosphere Protection Plans (PPA) and the Territorial Climate Air Energy Plans*(RORET)

with the PREPA actioftsAs communicated in response to the EIONET consulta®BA, have been
established with a few measures focusing on ozone reduction. In the Grand Est region, the PPA of
Strasbourg defines only one action related to the reductiodldVOCs. In th@rovenceAlpesCote

d'Azur PACAregion, the PPA of Bouchéds-Rhéne and the PPA of Var allow the implementation of

@9 https://www.ecologie.gouv.fr/sites/default/files/publications/PREPA%20JORF.pdf
@9 https://outil2amenagement.cerema.fr/outils/plasprotection-latmosphereppa
@D https://outil2amenagement.cerema.fr/outils/plastlimat-air-energieterritorial-pcaet
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measures for controlingNMVOC emissions (especially from the industrial sector) sl
improvement of knowledges on ozone formation and climate change impacts on ozone levels in
ambient air. In addition, emergency measures have been implemented in the-Mipegnes PPA,
their effects are still hard to quantify.

The implementation of these actioris the PPA is reflected in the information in air quality plans

reported by France in the-reporting databaseActionsfor ozone pollution reduction are reported

since 202 in PPArom most regions of France (for instan&hone AlpeRrovenceAlpes/ & S R Q! T dzNJD
Occitanie, Martinique, Haute Normandie, Languedoc Roussillon, Champagne Ardenne Reims,
Strasbourg, and lle de France regipns

Moreover, a regional action plan for ozdfés carried out since 2021 in the AuvergRboneAlpes
(AURAYegionaccording to the EIONET consultation resporsehis region, NQof anthropogenic

origin come mainly from the road transport sector (63%), ahead of industry (15%) and the residential
sector (8%). Ngxoncentrations have been decreasing sharpiA per year) over the past ten years.
Regarding NMVOCs, 70% are of biogenic origin, with a strong influence from plant species and sunlight.
NMVOC emissions of anthropogenic origin come mainly from the resaflsector (63%), ahead of
industry (24%). Concentrations have been decreasin§% per year) over the past ten yedemally,
agricultural activities, particularly livestock farming, generate the highest methane emissions (63%),
ahead of the waste sector (26%), which includes household waste landfills. Methane emissions are
also declining in the regiorl(2% per yearhut concentrations are increasing.

The entireAURAregion is affected by ozone pollution with a well identified transport of ozone from
neighbouringregions;therefore, the development of the regional ozone plan is essential. It enabled
the elaboration of action sheets addressing various objectives and targets. The preparatory work
highlighted the need to deepen the knowledge base to better target action levers. EmBsged that
informing and communicating, in an educational manner, to all target groups in the region is
important. Finaly, the action plaroffers a series of operational lel&to reduce ozone precursor
emissions.

First, atransversal action sheet has been produced that aims at seeking funding and partnerships to
implement the ozone plan. Then, action sheets targeting the main sectors of ozone precursor
emissions were produced as preseniadable6.3.

Table6.3: List of action sheets produced in the regional plan for ozone of the AuverBhéne

Alpes region.
Sector Titled Action sheet Diffusion tool
A1 Mobilize tools and devices that promote animal fe{ PPA, PCAET

that reduces ozone precursor emissions.
Integrate ozone pollution issues into the lexarbon | The low carbon label shee

Agriculture A2 label animal feed sheet.
A3 Conduct a cpmplementary study_to the AD!EME g PPA, PCAET, Chamber
' on good agricultural practices to improve air qualit] Agriculture Network
Raise awareness of the impact of livestock effluent PPA, PCAET, Chamber
A.4 | ozone precursor emissions. Agriculture Network

@21 plan regional ozone-mov2024 EN.docx
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F.1

Integrate ozone pollution issues into th

reforestation sheet low carbon label.

Low Carbon Label She
alF FF2NBaGH GA
ANBF2NB&aGH GA

Forest F.2

Present to the Regional
Commission the
issues of ozone pollution in the forestry sector.

Forestry and Timt

PPA, PCAET

F.3

Creation of a guide on trees that absorb ozone / tre
that emit less VOCs.

PPA, PCAET

F.4

Identify operational levers for taking ozone in
account in forest renewal/development.

PPA, PCAET

T.1

Reduce traffic speeds.

PPA, PCAET

T.2

Raise awareness among employers about the us
the sustainable mobility package and teleworking
the context of company negotiations.

PPA, PCAET, Lamarbon
label information sheet,
CCl  Mobility Advisors
Local Economi
Development Serviceg
Pollution Episodg
Management System

Transports
T.3

9EGSYR
the region

I NAGQ! AN aGA01 S

PPA, PCAET, Polluti
Episode Managemen
System, Town hall an
prefecture serviceg
(websites and notices i
these locations)

T4

Promote and generalize the principle of incenti
pricing in the event of pollution peaks to make pub
transport more attractive.

PPA, PCAET, Polluti
Episode Managemen
System

T.5

Encourage administrative structure to implement|
voluntary commitment approach to sustainab)
urban logistics.

PPA, PCAET

T.6

Fight against Adlue fraud.

PPA, PCAET

AlA.1

Improving knowledge of NMVOCs and their impact
ozone production to better target actions toward
the VOCs that have the greatest impact.

PPA, PCAET

AlA.2

Reducing NMVOC emissions in companies subje
Directive 2010/75/EU on industrial emissions (IED|

PPA, PCAET

Industrial

and craft AlA.3

Promote the adoption of BAT for reducing NMVQ
in companies not subject to Directive 2010/75/EU
industrial emissions (IED).

PPA, PCAET

activities
AlA.4

Support the deployment of warm mix aspha
particularly through public procurement.

PPA, PCAET

AIA.5

Anticipate  communication  during  condition

favourableto ozone production.

Pollution and heatwave
alert orders

AlA.6

Reducing diffuse methane emissions in g

hazardous waste storage facilities.

PPA

RB.1
Residential

Improve knowledge of impacts, encourage the use
lower-emission materials in public procurement ar
support the development of professional skills.

PPA, PCAET

and

buildings RB.2

Develop a communication brochure on V(
emissions from biomass combustion.

PPA, PCAET

RB.3

Deploy communication aimed at the public on t
right actions to take when carrying out domes

work.

PPA, PCAET
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These actions are implemented at the local level (mainly in several PPA and PCAET) particularly through
local projects led by communities, which can act as powerful relays for the regional plan.

More generallyFrance has reportedays with ozone maximum-i8our mean above 12Qg/m? (as
defined for thetarget value exceedanckeever the last years that are summarizedTable 6.4 and
Fgure6.2.

Table6.4: Number of days with maximum daily eightour mean above 120 pg/M(as defined for
the target value- TV) as reported in the eeporting database fofFrancefrom 2019 to

2023.
Number of
days above
Year Area classification Number of SPOs Location 120pug/m?
suburban 1 ZAG PARIS 27
rural-regional 1 ZR CENTREAL DE LOIRE 29
suburban 1 ZAR BELFORIONTBELIARD 31
suburban urban 2 ZAR BESANCON 44
ZR BOURGOGIRRANCHE
suburban urban 3 COMTE 32
suburban 1 ZAG BLDV 26
urban suburban 2 ZAG STRASBOURG 35
suburban 1 ZAG METZ 28
suburban 1 ZAG NANCY 26
rural-regional suburban
urban ruratnearcity 10 ZR GRANBST 35
suburban 2 ZAG MONTPELLIER 34
urban 1 ZAR NIMES 28
suburban rurahearcity 2 ZR OCCITANIE 55
2019 suburban urban 6 ZAG LYON 35
suburban urban 5 ZAG GRENOBLE 41
suburban 1 ZAG SAINETIENNE 30
suburban 1 ZAG CLERMONERRAND 27
urban 5 ZAR PAYBESAVOIE 40
urban suburban 5 ZAR VALLHRJRHONE 46
urban 1 ZAR VALLHEELATARANTAISE 40
rural-nearcity suburban
urban ruralremote 5 ZR AUVERGNRHONEALPES 47
suburban urban 9 ZAG MARSEIL-RAEX 51
suburban 2 ZAG NICE 44
urban 2 ZAG TOULON 39
urban suburban 2 ZAG AVIGNON 61
suburban 1 ZAR FREJMIRAGUIGNAN 51
rural-nearcity suburban rural ZR PROVENGEPEEOTE
remote urban rurakegional | 8 5Q! % w 77
rural-regional 1 ZR CORSE 32
suburban 2 ZAG PARIS 31
rural-regional suburban 3 ZR ILIBEFRANCE 29
2020 rural-regional 1 ZR CENTREAL DE LOIRE 26
suburban 1 ZAR BELFORIONTBELIARD 34
suburban 2 ZAR DIJON 30
suburban urban 2 ZAR BESANCON 47

ETC HE Report 2022/ 58



ZR BOURGOGIRRANCHE

suburban urban 3 COMTE 34
urban suburban 3 ZAG BLDV 34
suburban 1 ZAR ARRAS 27
rural-nearcity 1 ZR HAUTFBEFRANCE 26
urban suburban 2 ZAG STRASBOURG 37
suburban 1 ZAG METZ 27
suburban 1 ZAG NANCY 26
suburban urban 2 ZAR REIMS 28
rural-remote ruratregional
suburban urban 12 ZR GRANBST 41
suburban 2 ZAG MONTPELLIER 36
urban 1 ZAR NIMES 29
rural-nearcity 1 ZR OCCITANIE 58
suburban urban 5 ZAG LYON 36
suburban urban 3 ZAG GRENOBLE 38
urban suburban 2 ZAG SAINETIENNE 29
urban 5 ZAR PAYBESAVOIE 32
urban suburban 4 ZAR VALLHBJRHONE 50
urban 1 ZAR VALLHBEELATARANTAISE 29
urban 1 ZAR MOULINS 29
rural-regional ruralnearcity
suburban urban ruratemote | 7 ZR AUVERGNRHONEALPES 44
suburban urban 9 ZAG MARSEIL-RAEX 57
suburban 2 ZAG NICE 43
urban 2 ZAG TOULON 37
urban suburban 2 ZAG AVIGNON 57
suburban 1 ZAR FREJUWIIRAGUIGNAN 41
rural-nearcity suburban rural ZR PROVENGEPEEOTE
remote urban rurakegional | 7 5Q! % w 74
suburban 1 ZAR BESANCON 34
suburban 1 ZAR REIMS 26
rural-regional suburban
urban 4 ZR GRANBST 30
suburban 1 ZAG MONTPELLIER 29
rural-nearcity 1 ZR OCCITANIE 40
suburban 1 ZAG LYON 29

2021 | suburban 2 ZAR VALLHHJ}RHONE 36
rural-nearcity suburban 2 ZR AUVERGNRHONEALPES 34
suburban urban 4 ZAG MARSEIL-RAEX 44
suburban 2 ZAG NICE 29
urban suburban 2 ZAG AVIGNON 43
suburban 1 ZAR FREJWDIRAGUIGNAN 28
rural-nearcity suburban rural ZR PROVENGEPEEOTE
remote urban rurakegional | 7 5Q! % w 58
suburban 1 ZAR BESANCON 35
suburban 1 ZAG STRASBOURG 27
urban suburban rural

2022 regional 4 ZR GRANBST 31
rural-nearcity 1 ZR OCCITANIE 34
suburban 2 ZAG LYON 31
suburban 2 ZAR VALLHRJRHONE 37
suburban rurahearcity 3 ZR AUVERGNRHONEALPES 32
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urban suburban 6 ZAG MARSEI-REX 42
suburban 2 ZAG NICE 31
urban 1 ZAG TOULON 31
suburban 1 ZAG AVIGNON 43
urban suburban rural ZRE PROVENEBBEPEEOTH>-
regional ruralnearcity 7 AZUR 57
suburban 1 ZAR BESANCON 37
urban suburban 2 ZAG STRASBOURG 32
suburban 1 ZAG METZ 29
urban suburban rural
regional 4 ZR GRANEST 30
rural-nearcity 1 ZR OCCITANIE 30
suburban 2 ZAG LYON 28
2023 | suburban 2 ZAR VALLHEJRHONE 32
suburban rurahearcity 2 ZR AUVERGNRHONEALPES 31
urban suburban 7 ZAG MARSEII-AEX 41
urban suburban 3 ZAG NICE 36
urban 1 ZAG TOULON 26
suburban 1 ZAG AVIGNON 42
urban suburban rural ZRE PROVENEEPEEOTH>-
regional ruralnearcity 7 AZUR 50

Figure6.2: Numberof dayswith 0zone maximum &our meanabove120 pg/n? (as defined for

the target value)depending on the year and the assessmerunein France.

Days above 12Qug/m? - 3yr
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InFgure6.2, the number of daysvith ozone maximum &iour meanabovel20 pg/ntis presented for
each administrative monitoring zone. Among those zones, BAIgfined as highisk zone which
includes a builup area with a population of over 250,000, as defined by the decree provided for in
article L. 2224 of the Environment Code, or with a population density per sqléoenetremore than

a threshold set by thé&renchMinistry of the Environment. Then, ZARdefined as highisk zone
outside builtup aregwhich does not meet the cetia for a ZAG and in which the air quality standards
mentioned in article R. 221 of the Environment Code are not met or are at risk of not being met.
Finally, ZR covsthe rest of the region.

According to the exceedances of the target value reported in the A€parting database, e
maximum number oflayswith ozone maximum #iour meanabove120ug/m?*(316) between 2019
and 2023 is reported infZProvencé\lpesCoteR Q! ih tieNSoutheast of FrancBAG AvignorzAG
MarseilleAixand ZAG Nigahree zones in the same geographieald administrativeegion, reported
246, 235and 183dayswith ozone maximum #iour meanabove120 pug/m?, respectively, during this
period. In the south of France, ZAG Occitanie reported naayswith 0zone maximum & our mean
above 12Qug/m®(217). TheAURAregion is also one of the regions most affected by ozowiéution,
with 201 days with ozone maximum@ur mean above 120g/m3in ZAR Valledu-Rhone and.88 in
ZR Auvergn®&honeAlpes

6.3 Air Quality Plans for ozone in Spain

In Spain, national actions for reduction of ambient air pollutants are carried out under the PNIEC (the
National Integrated Energ@limate Plan, 20212030%° and the PNCCA (the First National Program to
combat Air Pollution, 20232030¥*. However, these measures are not focused on ozone while this is

a major concern. Indeed, Spain is in the Mediterranean basin where ozone exceedances of-the long
term objective and the target value occurred frequently, especially because of the prevediatiger
conditions in warm seasons of the year, the topography and vegetation together with high solar
incidence. Several regions in Spain are strongly affected by ozone pollution such as the Madrid basin,
the north of Barcelona, the Guadalquivir basine tRuertollano basin, the interior of the Valencian
Community, the North of Tarragona and the regions adjoining the first two areas and the north of
Portugal.

In this context, the Spanish Ministrfpr the EcologicalTransition and Demographic Challenge
commissioned several research institutes to develop the scientific bases to elaboraftettne
National Ozone Plan by the end of 2024. The resulting scientific study provides an analysis of the ozone
trends from 2008 to 2023 to identify the episodes of ozone pollution and the conditions of their
occurrences. That analysis shows no significant natichanges, but notable variations in hotspots
areas. Trends varied across regions, with continued high levels in thBlMd&®l o+ aAy | YR N 3
lower concentration levels in urban areas. A comprehensive study of ozone precursgran@O
NMVOCs) was carried out based on grobaded measurements from the regulatory monitoring

@ https://www.miteco.gob.es/es/prensal/pniec.html
@4 https://www.miteco.gob.es/en/calidady-evaluaciorambiental/temas/emisiones-la-
atmosfera/emisionegpncca.html
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network, satellite dataNMVOCs measurements campaigns in specific regions and the elaboration of
accurate emission inventories. From these results, a detailed identification dfifhOCs with the

greatest potential contribution to ozone formation was done and a consensus liSM{OCs
prioritization to reduce emissions and the associated key sectors was generated. In addition, four
regionsin the country associated with specific ozone patterns have been defined based on a
characterization of ozone pollian episodes. In this way, appropriate measures could be proposed in
eachregion Finally, the impact on ozone pollution of implementing measures already provided by

other Spanish plans and those recommended in the scientific study was assessed based on air quality
modelling studies. These numerical simulations showed that although scenarios yield relevant
reductions, the EQ008longi SN (I NHSG F2NJ hi NBYlFAya dzyYSio ¢K
of combining national and international strategiesfiningNMVOC inventories, and focusing on high

AYLI OG aSO0G2NB &adzOK a GNIFFAO YR aKALWMAY3A (2 S

The recommended actions based orstbcientific study are listed in the following:

1. Adopt the regionalization proposed in the scientific study and develop specific policies
depending on the phenomenology of the episodes in each area.

2. Prioritize the implementation of precursor emission reduction measures especially in ozone
hotspots and in other areas to reduce ozone background levels.

3. Implement precursor emission reduction measures (B2l VOCSs) in summertime.

4. Prioritize measures for the reduction of VOCs with higlr&@ning capacity.

5. Require the implementation of the best available technologies to ensure minimum emissions
of VOCs in biomass combustion plants.

6. Include specifically in the environmental impact assessment (EIA) studies of biomass
combustion plants a binding study of their potential impact criéDels.

7. Promote and consolidate electric mobility models in high road traffic areas.

8. Promote internationally coordinated measures to address precursor emission reduction plans
to reduce Qbackground levels.

9. Encourage notombustion based renewable energy.

10. Propose the designation of the Mediterranean Sea as an emission control area fantiO
SQ.

11. Ensure compliance with the planned reductions in road traffic in the framework of the PNIEC
and PNCCA together with the final implementation of the ZBE (low emission zone in
Barcelona).

12. Implement precursor reduction measures in port areas.

13. Make mandatory the application of VOC absorbers in all vehicle fuel supply facilities.

14. Strengthen inspections at gas stations to ensure compliance with current regulations.

The National Ozone Plan has wdeendrafted and was submitted to public consultation from 10
December 2025 to 2 February 2026. The substantiak carried out in the preparatory scientific study
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provides a solid basis amdinforcesconfidence in the effectiveness of thlecommendedmeasures.
The draft plan is available in MITECO (20R&)yecto para el Plan Nacional de OZéno

Secific measures to reduce ozone pollutitrat are implemented in air quality plans (such as the
Andalusian Air Quality Strateghe National Air Quality and Atmospheric Protection Plan 2DQ¥9:

Plan AIRE 2, and the Air Quality Improvement Plan for the Region of Murci2@08phave been
reported in the ereporting databaseébetween 2013 and 201 However, o information on ozone
plans or measures to reduce ozone pollution have been reported in the recent year (from 2018 to
2023).

Reported exceedances of ozone target values during the last years irrdipering database reflects
the situation in Spain. A sample of these exceedangaesented infable6.5with a focus on the days
when maximum daily eighHtour mean exceeded20 ug/m?® averaged over 3 years as the reporting
metric.

Table6.5: Number of days with maximum daily eigHtour mean above 120 pg/h(as defined for
the target value- TV) as reported in the eeporting database foiSpainfrom 2019 to

2023.

Number of Numberof days
Year Area classification SPOs Location above120 ug/n?
urban suburban rural 1| CORDOBA 57
urban suburban rural 2 | ZONA INDUSTRIAL DE CARBONEH 35
urban suburban rural 1| GRANADA Y AREA METROPOLITA 42
urban suburban rural 1| MALAGA Y COSTA DEL SOL 29
urban suburban rural 1| NUEVA ZONA INDUSTRIAL DE HU 29

NUEVA ZONA DE NUCLEOS DE 5(
urban suburban rural 2 | A 250.000 HABITANTES 61
urban suburban rural 6 | NUEVAS ZONAS RURALES 64

NUEVA ZONA SEVILLA Y AREA

urban suburban rural 1| METROPOLITANA 32

NUEVA ZONA INDUSTRIAL DE PU
urban suburban rural 1| NUEVO 46
2019 "\irhan suburban rural 1 | VALLE DEL EBRO 26
urban suburban rural 1| MENORGCMAGOES CASTELL 31
urban suburban rural 1| RESTO MALLORCA 35
urban suburban rural 3 | RESTO DE CASTHILAAMMANCHA 2 34
urban suburban rural 1 | CORREDOR DEL HENARES 29
urban suburban rural 2 | MONTANA SUR DE CYL 38
urban suburban rural 1 | AREA DE BARCELONA 33
urban suburban rural 2 | PLANA DE VIC 49
urban suburban rural 1 | COMARQUES DE GIRONA 30
urban suburban rural 1| EMPORDA 29
urban suburban rural 2 | PREPIRINEU 39
urban suburban rural 2 | CERVOELS PORTS. AREA INTERI 58

@https://www.miteco.gob.es/content/dam/miteco/es/calidag-evaluacion
ambiental/sgalsi/atm%c3%b3sfeyacalidaddel-aire/participaci%c3%b3p%c3%bablicécalidad-del-
aire/Proyecto%20de%20un%20Plan%20Nacional%20de%200zono.pdf
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urban suburban rural 1| TURIA. AREA INTERIOR 32
urban suburban rural 1| JUCARCABRIEL. AREA INTERIOR 56
urban suburban rural 1 | BETICAERPIS. AREA INTERIOR 31
urban suburban rural 1| CACERES 40
NUCLEOS DE POBLACION DE MA
urban suburban rural 1| 20.000 HABITANTES 26
urban suburban rural 6 | MADRID 51
urban suburban rural 7 | CORREDOR DEL HENARES 56
urban suburban rural 6 | URBANA SUR 46
urban suburban rural 3 | URBANA NOROESTE 35
urban suburban rural 3 | SIERRA NORTE 66
urban suburban rural 2 | CUENCA DEL TAJUNA 67
urban suburban rural 1| CIUDAD DE MURCIA 29
urban suburban rural 1 | CUENCAS INTERIORES 26
urban suburban rural 1| CORDOBA 38
urban suburban rural 1| ZONA INDUSTRIAL DE CARBONEHF 27
urban suburban rural 1| GRANADA Y AREA METROPOLITA 28
urban suburban rural 1| MALAGA Y COSTA DEL SOL 29
urban suburban rural 1| NUEVA ZONA INDUSTRIAL DE HU 27
NUEVA ZONA DE NUCLEOS DE 5(
urban suburban rural 2 | A 250.000 HABITANTES 45
urban suburban rural 6 | NUEVAS ZONAS RURALES 50
NUEVA ZONA INDUSTRIAL DE PU
urban suburban rural 1| NUEVO 35
urban suburban rural 1| ZARAGOZA 26
urban suburban rural 1 | SIERRA DE TRAMUNTANA 31
urban suburban rural 1 | AGLOMERACION DE GUADALAJA 29
urban suburban rural 1| GUADALAJARA 29
urban suburban rural 3 | NORTE DE TOLEDO 29
urban suburban rural 2 | MONTANA SUR DE CYL 35
urban suburban rural 1| VALLE DEL TIETAR Y ALBERCHE 26
urban suburban rural 2 | PLANA DE VIC 39
2020 | urban suburban rural 1 | COMARQUES DE GIRONA 29
urban suburban rural 1 | PREPIRINEU 52
urban suburban rural 3 | CERVQELS PORTS. AREA INTERI 56
MIJAREPENAGOLOSA. AREA
urban suburban rural 1| INTERIOR 34
urban suburban rural 1| TURIA. AREA COSTERA 32
urban suburban rural 1| TURIA. AREA INTERIOR 37
urban suburban rural 1| JUCARCABRIEL. AREA INTERIOR 39
urban suburban rural 1 | BETICAERPIS. AREA INTERIOR 31
urban suburban rural 1| CACERES 37
urban suburban rural 2 | EXTREMADURA RURAL 32
urban suburban rural 6 | MADRID 48
urban suburban rural 6 | CORREDOR DEL HENARES 51
urban suburban rural 5 | URBANA SUR 39
urban suburban rural 2 | URBANA NOROESTE 30
urban suburban rural 3 | SIERRA NORTE 56
urban suburban rural 1 | CUENCA DEL ALBERCHE 26
urban suburban rural 1 | CUENCA DEL TAJUNA 50
urban suburban rural 1 | CUENCAS INTERIORES 27
2021 | urban suburban rural 1| CORDOBA 29
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NUEVA ZONA DE NUCLEOS DE 5(

urban suburban rural 2 | A 250.000 HABITANTES 37
urban suburban rural 3 | NUEVAS ZONAS RURALES 30
NUEVA ZONA INDUSTRIAL DE PU
urban suburban rural 1| NUEVO 42
urban suburban rural 1 | AGLOMERACION DE GUADALAJA 26
urban suburban rural 1| GUADALAJARA 26
urban suburban rural 1| NORTE DE TOLEDO 29
urban suburban rural 1 | MONTANA SUR DE CYL 28
urban suburban rural 1| PLANA DE VIC 27
urban suburban rural 1 | PREPIRINEU 51
urban suburban rural 1 | CERVGELS PORTS. AREA INTERI 62
MIJARESENAGOLOSA. AREA
urban suburban rural 1| INTERIOR 27
urban suburban rural 1| JUCARCABRIEL. AREA INTERIOR 28
urban suburban rural 1| CACERES 27
urban suburban rural 4 | MADRID 40
urban suburban rural 7 | CORREDOR DEL HENARES 45
urban suburban rural 3 | SIERRA NORTE 51
urban suburban rural 1 | CUENCA DEL ALBERCHE 36
urban suburban rural 1 | CUENCA DEL TAJUNA 38
NUEVA ZONA DE NUCLEOS DE 5(
urban suburban rural 2 | A 250.000 HABITANTES 27
urban suburban rural 1| RESTO MALLORCA 29
urban suburban rural 2 | PLANA DE VIC 31
urban suburban rural 1 | COMARQUES DE GIRONA 33
2022 | urban suburban rural 1 | PREPIRINEU 39
urban suburban rural 2 | MADRID 34
urban suburban rural 6 | CORREDOR DEL HENARES 44
urban suburban rural 3 | SIERRA NORTE 44
urban suburban rural 1 | CUENCA DEL ALBERCHE 46
urban suburban rural 1 | CUENCA DEL TAJUNA 31
NUEVA ZONA DE NUCLEOS DE 5(
urban suburban rural 1| A 250.000 HABITANTES 28
urban suburban rural 1| RESTO MALLORCA 47
urban suburban rural 1 | AGLOMERACION DE GUADALAJA 27
urban suburban rural 1| GUADALAJARA 27
urban suburban rural 2 | PLANA DE VIC 32
urban suburban rural 1| COMARQUES DE GIRONA 29
urban suburban rural 1 | PREPIRINEU 40
2023 urban suburban rural 1| JUCARCABRIEL. AREA INTERIOR 26
urban suburban rural 1 | EXTREMADURA RURAL 37
urban suburban rural 5 | MADRID 39
urban suburban rural 7/ | CORREDOR DEL HENARES 51
urban suburban rural 1 | URBANA NOROESTE 30
urban suburban rural 3 | SIERRA NORTE 52
urban suburban rural 1 | CUENCA DEL ALBERCHE 51
urban suburban rural 2 | CUENCA DEL TAJUNA 40
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Figure6.3: Numberof dayswith 0zone maximum gour meanabove120 pg/n? (as defined for
the target valueq TV) depending on the yeaandthe assessment zonda Spain.

Days above 12Qug/m? - 3yr
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According to the exceedances of the target values reported in thee-f€porting database(Fgure

6.3), the area withthe greatestnumber of daysvith ozonemaximum 8hour mean above 12(g/m?3

(269) from 2019 to 2023 is Sierra Norte in the province of Seville. Then, Corredor del Henares, Cuenca
del TajufiaMadrid and Cuenca del Alberche areas that are in the same geographical region in Spain
(Madrid and surroundinggeported high number oflayswith ozone maximum ®our mean above
120pug/m3, 276, 226, 212 and 159, respectivaldyring this periodThe Prepirineus argavhich are the

foothills of the Pyreneesgported 221number of daysvith ozone maximum & our mean above 120

ug/m? during this periodln addition, areas classified as new zone of 50,000 to 250,000 inhabitants
and new rural areas are assatsd with large number oflayswith ozone maximum &iour mean

above 12Qug/m3 (198 and 144, respectively from 2019 to 2023).
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The numberof dayswith ozone maximum #iour mean above 120g/m? over the entire country ha
decreasedy 40%from 2019 to 2023Howeverthe adoption of the reviseAAQD involving stmgent
thresholds for number of days of exceedances, requires efficient actions to continue the decline.

6.4 Section highlights

Under the revised AAQD, ozesgpecificair quality plans become mandatorwhen target values are
exceeded. These plans must inclymtecursor reduction measureand be supported bgppropriate
VOC monitoring strategies tailored to local emissions sources and oZorming species. At
international level, theCLRTAP Gothenburg Protoamd the NEC Directiveset national emissions
ceilings for ozone precursors (N&hd NMVOCSs) to guide these efforts.

An Eionet consultation gatherddformation from 12 countries on existing @me plans measures,

and scientific studies. Most countries have conducted research on ozone formation mechanisms,
source apportionment, and climate change impacts. €weuntries¢ Croatia, France and Span

have developed or implemented dedicatadt quality measures oplans for ozone

Croatiaadopted anational action plan and regional plans for citigacluding Rla, where ozone
exceedances arkinked to traffic, port activities anfhvorablemeteorological conditions. Measures
focus on public information, greening transport corridors, shore power ships and ea#iggncy
Monitoring datasuggests slight decrease in exceedance days over 22023 coinciding with plan
implementation.

Francecombinesnational (PREPA) and local instruments (PPA and PCA#(h) ozone related
actionsreported since 2012The AuvergneRhéneAlpes region developed a comprehensive ozone

plan in 2021with sectorspecific action sheets covering agriculture, forestry, transport, industry, and
residential sources. Southern regions (ProveAtges/ $ S RQ! T dz2NE h OOA Gl yA SO
affected, recording the highest number of exceedance days.

Spain faces significant ozone pollution, particularly inetiMadrid basin, Catalonia, and the
Mediterranean coastA comprehensive scientific study was completed in 20@4support future
national ozone plan.lt identified regional ozone patterngyrioritized highimpact NMVOCsand
recommended measures targeting traffic, shipping, biomass combustion and port areas. The study
emphasizes theeed for coordinated national and international strategieas modellingshowsthat

current scenarios stifail to meetthe EU longerm objective.

Reported exceedances across these three countries confirmotuate pollution remains a persistent
challenge in Europe, particularly in southern regior&hile few dedicated ozone plans exist to date,
this overview highlights growing national efforts to improve understanding of oZormaation
processesand develop effective mitigation strategies. Ongoing scientific work will provide the
foundation for future plans, which will necessarily focus on controlling precursor emisginria:

depth knowledge ofprecursors(NO, NMVOCsnd CH) sourcesand their evolution combined with
robust precursor monitoring as outlined in Section 5, is therefore essenfiaése constitute the main
policy levers available to Member States for reducing ozone concentrations through targeted
measures in their air quality plans.

7 CH, NMVOCand NG emissions

In this sectionthe precursor gases for grouddvel ozone methanenon-methane volatile organic
compoundsand nitrogen oxideare analysed, looking at historic and projected emission trends at the
European level and trying to identify underlying drivers.

As detailed in sectiof, VOCs occur in many different chemical gaseous forms, such as hydrocarbons,
alcohols, aldehydes, and organic acids. They are released in biological processes but are also a result
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of anthropogenic activities. The formation of grouledel ozone is relying on the availability of
precursor gases (such as VG@sl NO) and sunlight Under sunlightpitrogen dioxide (Ng) can
undergo photolysis breaking down into nitrogen ox{8&)and a free oxygen atomvhich then reacts

to atmospheric oxygen to form:OHowever, the newly formed ozone molecule can quickly react with

NO, regenerating N&nd Q. This cycle results in no net ozone accumulation. When VOCs are present
in polluted atmosphere, NO can bensformedduring their oxidation, resulting in ozone builg.
Conversely, when NO levels are very high (under certain conditions such as low VOC concentrations or
limited suwnlight, especially neagmissions sources, in winter or at night), ozone can be depleted. This
process is known as ozone titratig@olette, 2024

Therefore, the ongoing surveillance not only of atmospheric concentrations but also of emission levels
of VOCs are of importance, but their interpretation in terms of ozone formation is complexitiait
linearcorrelation. Firstly because, the monitoring of emission levels for these substances is only done
for anthropogenic sources (biogenic VOCs are not cov®reskcondly because ozone episodes are
rather regional in scaleand spatially restricted events and thirdly because the specific effect of
individual VOC®iogenic VOC sources are natural emissions, primarily from plants, which are released
into the atmosphere byiologicalprocessesnfluenced by light, temperature and vegetation types.
Indeed, VOCs come fromarioussources and undergo different chemical reaction pathways, causing
their oxidation rates to vary by several orders of magnitude. This leads to significant differences in
their atmospheridifetimes and their efficiency in producing ozom@r the bnger livedNMVOC¢ge.g.
ethane has a global lifetime of about 3 moastlwith a minimum in summer of 2 monshand a
maximum in winter of 10 mon#t’) , and for CH (which has a lifetime of about2lyears in the
atmospherg, a much broadegeographicascale should be considered for action.

Within the EU, Member States are required to annually report on their natiGhiémissions, as part

of their GHG emission inventories under the Energy Governance Regffladioth national NM@Cs

and NQemissions, as part of their reporting under theEirectivé®. As NMVOCand NQare also

part of the four indirect &enhouse Gase<GHG) contributing to increased tropospheric ozone
concentrations and hereby to increased radiative forcing, they are also reported in the GHG
inventories.

There are also international reporting obligations, which are the reporting of GHGs to the UNFCCC
(United Framework Convention on Climate Charagnel reporting of air pollutants under tHeLRTAP

This convention has been extended by eight protocols, one of them Gothenburg Protocol Abate
Acidification, Eutrophication and Grouhelel Ozone As mentioned in sectiorb, this protocol
establishes national emission ceilingsfoh i = NMMOCE | yR bl i F2NJ 6KS &SI NJ
The scientific community now discusses an amendment of the Gothenburg Protocol also inCldding

In the followingsections the trends and underlying drivers for NG and NMVOCs emissions are
presented and discussed, covering a timeframe fi#A0to 2022. It shall be noted that data is only
available on total NMVOC emissions, and distinction to specific substances cannot be made.

2 Biogenic VOC sources are natural emissions, primarily from plants, which are released into the atmosphere
by biological processes. In contrast, anthropogenic VOC sources ammauh#) originating from human activities

like vehicle exhaust, industrial pragges, fuel combustion, and the use of solvents and paints.

@MEarh System Science Data, 2022: Northern hemispheric atmospheric ethane trends in the upper troposphere
and lower stratosphere (20@2016) with reference to methane and propartps://doi.org/10.5194/essdl14-
4351:-2022

@9 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

@)Directive (EU) 2016/2284 of the European Parliament and of the Council of 14 December 2016 on the
reduction of national emissions of certain atmospheric pollutants

@9 https://unece.org/environmentaipolicy/air/conventionand-ts-achievements
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7.1 Methane (CH)

Methane is primarily known as a very potent greenhouse gas, having a global warming potential of 28
considering a timeframe of 100 years, i.e. its radiative force is 28 times higher than for carbon dioxide
(CQ). The lifetime of CHin the atmosphere is about 12 years, which is in comparison to other
greenhouse gases, rather short. But in comparison with other air pollutants (hours fords{3 or
weeks for @ and aerosoly this is longMyhre et al, 2013)The role of CHin groundlevel ozone
formation is becoming increasingly acknowledgd®C, 2024Colette, 2024and EEA Briefing No
01/2025), leading to the recommendation of the Working Group on Strategies and Review of the
UNECE Air Convention to include; @Hhe next revisia of the Goth@burg protocol(UNECE2025.
Currently, there is no obligation in the EU to reach a specifie@idsion target. But given its relevance
asa GHG, it is part of the GHG emission reduction targets, which includes the aggregate ©HCO

N.O and Fgases (Ng; PFC, SFHFCs).

During the Conference of the Parties to the UNFCCC it #@2 EU and the US launched the Global
Methane Pledge. AEH is a shorlived climate pollutant, reduction results in ne@rm benefits to

limit global warming, bringing also along-lenefits on public health and agricultural productivity.
Participants joining the Pledge agree to take voluntary actions to carérito a collective effort to

reduce global methane emissions at least 30 percent from 2020 levels by 2030. This is a global, not a
national reduction target.

7.1.1 Trends by Member States

Methane emissions decreased in the EU27 fronY38kt to 14,597 kt, which is a reduction of 38%
between 1990 and 2022. The total EU emission trend is largely determined by Germany, France, Italy
and Poland (seBigure 71), The observed decrease at EU level is dominated by Germany, Poland and
Romania; the countries with the largest absolute reductions between 1990 and 2022. A few countries
also report emission increases during that time, which is Cyprus, Spain, IrlaiMbiiadTable7.1).

Figure7.1: Trend of Cklemissions across EU Member States from 12922
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@D hitps://www.globalmethanepledge.org/#pledges
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Table7.1; Information ontrend andshare of CHemissions of EU Member States

Absolute Relative
Change 1980- (Change 1990- (Trend 1990-
Sharein 1990 |Sharein2005 (Sharein2022 |2022[ktCH,] |2022 2022
AT I 1.7%][] 1.7%[L] 1.6%|- 172231 [ E 425 ——__
BE b 1.9%][ ] 1.9%]| | 1.9%| - 187.25} |:§ -40.6%| ——
BG ] 2.2%]] 1.5%|L] 1.6%|- 287.545 -55.0% |~ —
cY | 0.1%| 0.29%| 0.3% 10.76 \_.EE% —
(i B 4.0%(F | 3.2%|1 | 3.2%| - 491.16% B 513%—
DE I 21.0%0 15.6%| .70 SI35W0E O 628%| —
DK F 1.4%F 1.9%P 2.1%]- 26.46 F-7.8%——__
ES B 6.2%(] 8.8 (1 10.4% 48.35 | 3.3%|_—"——
EE | 0.3%| 0.3%| 0.3%!|- 36.69{ | O -46.2%|—
FI I 1.5%]| 1.5%][f] 1.3%|- 175.53% |:§ -47.6%| T ——__
FR L 11.8%| 14.5%]1 14.4%]- 60682 [ B -248% ——
GR ] 1.9%[] 2.5%(F | 2.9%|- 25.98 I 58%——— _
HR I 0.8%|| 0.8%] 0.9%| - 42.00 [0 -235% " ——_
HU I 2.1%[f] 2.2%[ | 2.2%|- 181.04% [i_-as.s% e—
IE B 3.1%| | A.U%’l_l 5.3% 4560 ] 6.3%—_—~
IT ] s.4%[) | 10.7%|D 11]3%|- 343508 B -17.3% ———_
LT I 1.29]| 0.9%] 0.8%|- 166.08 B -502%
LU | 0.1%| 0.1%| 0.2%| - 1.20 [ -a9%[ v
LV I 0.7%] 0.5%| 0.7%|- 64.34f | W-39.3m(___
MT 0.0% 0.0% 0.1% 3.13 80—\ —
NL | 5.5%(0 | 4.4%0 ] 4.5%|- 6371065 [ K -49.1%| —
PL L 10.6% |1 10.2%(1 9.9%|- 1 080.42% |:i -42 7% ——___
PT P 1.5%F 2.4%P 2.6%|- 12.46 | l -3.20%| "
RO i | sowl | 7.2%|F | 6.2%)- 11p57.308 -56.8%|——__
SK I 1.3%| 1.0%(| 0.9%| - 163.17; W 54.9%——
S| | 0.4%] 0.5%]| 0.5%|- 33.22 j -32.7%| T T
SE I 1.3%| 1.4%][] 1.29%) - 140560 [ W -44.4% ——
EU-27 100.0% 100.0% 100.0%|- 9190.00 -38.6%|

Source of data: CRT Sept 2024 submis&iposnsistent with EU ®I2025, total incl. LULUCEEA, 2024c

In the followingtable the emission trends of countries with a specifically high decrease or an increase
and the underlying reasons are described in more detail:

Countries with substantial decreases

Germany {62.8%)

Germanyachieved the largest reduction i6H emissions due to changed waste managem
practices in the category 5.ASolid waste disposal. According to the German National Inver
Report 20223 the substantially reduced amount of municipal solid waste deposited is caused
increased separate collection of biogenic waste, and an increase of waste incineratio
mechanical biological treatment. The number of landfills for municipal wasteedsed by abou
50% since 2004. As the waste deposited since 2006 only contains very small amounts of deg
carbon, future emissions will stabilise on a very low level.

@2 https://unfcce.int/ghginventoriesannexi-parties/2024
@3 https://iir.umweltbundesamt.de/2024/

ETC HE Report 2022/ 70


https://unfccc.int/ghg-inventories-annex-i-parties/2024
https://iir.umweltbundesamt.de/2024/

Countries with substantial decreases

The other category of high relevance is tmal mining and handling, which decreased since 1
by 99%. Underground mining of anthracite was continuously decreasing and finally stopped il
Surface mining of lignite has a very lows€htission rate and is therefore not as relevant. The li
remaining emissions after 2020 are a result of abandoned underground mines and lignite ¢
mines.

Emissions from enteric fermentation of cattle decreased by 30% since 1990 determin
decreasing number of livestock and better digestibility of the feed, which is partly compensal]
increasing gross energy intakes as a result of higher milk yietblaramal weights.

Poland (42.7%)

In Poland, the reductions achieved were highest in the category solid waste disposal, cause
closing or modernisation of unmanaged and uncategorised landfill sites. These closures
temporary increase o€H emissions from managed landfill sites peaking in 2007 but followed
continuous substantial decrease.

Fugitive Emissions from coal mining have also decreases since 1990 by 36%, mainly causi
declining demand for coal and lignite.

The decrease in emission from cattle arising from enteric fermentation, decreased by 30%, Vv
caused by a decrease in population numbers by the same extent.

Romania {566.8%)

In Romania, the decrease of £#hissions since 1990 of 57% is mainly a result of reduced fuy
emissions from use of fossil fuels. In 1990, highest €@Hissions were emitted during th
production and gathering of natural gas, but these were reduced by 96% due to less natu
processed and improved technologies preventing losses. The technological improgeaner
reflected in the calculation by applying from 2000 onwards a lower emission factor, val
developed countries. The downturn in emasifrom oil are very similar to the ones for natural ¢
(less exploration, better technologies). Coal mining activities were substantially reduced, leal
a decrease of GHwhich is mostly counterbalanced by emissions from abandoned undergr|
mines.

CH emissions from cattle decreased in Romania by 59% since 1990, with decreasing cattle n
of 66%.

Countries with increasing CHmissions

Cyprus (+38.8%)

In Cyprus emissions from the disposal of solid waste increased since 1990 by 95%. A major
emissions still originates from unmanaged waste disposal sites, and managed waste dispc
only started in 2007 and has been increasing since. An unnigngason is that the EU Land]
Directive®* ((EU) 2018/850lthough transposed in national legislation, is still not fully implemer
yet. Only, 46% of the closed landfills are rehabilitated s¢G&NIR 2024).

Also, Cklemissions from cattle related to enteric fermentation, increased by 80%, which is c;
by increase in the number of cattle (+49%), as well as increase in gross energy intake and m
Malta (+62.8%)

Malta saw the highest increases@t emissions from solid waste disposal, by 263%. The oper;
of unmanaged landfills was only stopped in 2004, and managed landfills are taking over. The |
of municipal waste generated has been increasing over the years, and in lack of alte|
treatment methods, the largest part of generated waste is still landfilled.

Ireland (+6.3%)

The increase in Ireland is a result of increasing gbissions from enteric fermentation of catt|
(+28%). The number of cattle increased by 7%, as well as the emission factors (mainly influe
animal weight, gross energy intake and mild yields).

@4 https://eur-lex.europa.eu/leg&othet-content/EN/TXT/?uri=celex%3A32018L0850
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Countries with increasing GHmissions

Spain (3.3%)

Spain reportedsignificantincreases in CHemissions from solid waste disposal and entg
fermentation of cattle. While emissions from unmanaged waste disposal decreased, emissior
managed waste disposal increased by 112%. A result of increasing amounts of municipal wa
almost half othe generated waste is landfilled.

7.1.2 Trends by Categories

The source of methane is either related to combustion activities, which includes the leakage of gas
during mining, transportation and storage, venting and flaring, and the anaerobic decomposition of
organic matter, which occurs in the agriculture and wastetor. This also becomes apparent when
lookingFigure7.2, which shows the trend per category from 1990 to 2022. Totale@tifssions have
decreased in the EU by almost 39%, whereby the largest redubtigrbeen achieved by the
minimisation of fugitive emissions in the energy sector.

The largest share of GEmissiongTable7.27.2) is the result of a high CHemission rate due to the
ruminant digestive systelh SELINBa&aSR Ay (KS Ol Mehahe evdssionsSrgni S NA O
manure management are smaller, and are mostly associated with confined animal management
operations, where manurés handled in liquiebasedsystems (IPCC 2006 Guidelines, Vol.4, Chapter
10).The reductions achieved since 1990 of almost 24% from enteric fermentation are largely a result

of reduced number of livestock and changed feeding practises.
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CH emissions from the waste sector, are mainly a result of the decomposition of organic carbon in
landfill under anaerobic conditions. THeU Landfill Directive® prescribes that wastenust be pre
treated before being landfilled to achieve a degradable content of less than 5%, as well as setting

@9 Directive 1999/31/EChttp://data.europa.eu/eli/dir/1999/31/0j
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technical standards for landfill sites (e.g. landfill gas collection systems, oxidation layer). This led to a
significant decrease dfH emissions, and this trend is expected to continue as the decay of waste
takes decades and the amount of degradable carbon is continuously decreasing. In opposition to this
trend, is the increase in methane resulting from biological waste treatment, winiai be either
anaerobic digestion or mostly aerobic composting. Both processes may produce methane, depending
largely o the operating conditions. As biological treatments are becomit@e popular, also
regarding its use as a renewable energy source and circular economy principles, it is important to
define operating standards minimisii@H emissions during waste treatments.

Table7.2: Trend and share of sectors contributing to EU total @lrhissions

Absolute Relative
Change 1990- (Change 1990- (Trend 1990-
Share in 1990 (Share in2005 (Share in2022 |2022 [kt CH,] |2022 2022

Energy Industries [1A1) 0.2%)| 0.4%| 0.9% 965.31]| | 258.9%| — —
Energy consumption (1A2, 1A4, 1A5) [ 3.7%][ 3.9%]| 4.5%|- 217.09; 24,89/ e
Transport (1A3) | 0.9%| 0.5%] 0.3%|- 179.94} |[3 79.9%| —___
Fugitive Emissions (1B) I | 210wl ] 167%[]  10.4%[F  3vacmm | 71.9% ———
Industrial Processes (2] }L 0.3%}L 0.4%)] 0.4%- 11.69| 17.7%]
Enteric Fermentation (34) [ 35.7%|B 36.9%1 44,35 - 016. 23.8%|——0
Manure Management (3B) ] 8.2% | | 9.5%[ |  11.0%|- 348,65 17.9%)———
Other Agriculture (3C-3)) | 0.7%| 0.5%| 1.1% 0.32 0.20| v
4 LULUCF [ 2.5%|] 3.1%][] 3.8%|- 41.06 -5.9% |
Solid Waste disposal (5A) 0 20.3%]l 22.7%]f 18.2%|- 175.30; | [ 45,00 — __
Biological Waste treatment (5B) 0.1%)] 0.4%|| 1.2% 158.37{( EINES5.9%] _ —
Waste Incineration (5C) and other (5E) 0.1% 0.1% 0.1% 3.01 17,405 | it
Waste water treatment (50) ] 5.4%]] 4.5%][] 4,0%|- 716.00 | [ -55.4%|"———
Total 100.0% 100.0% 100.0%|- 9187.77 -38.7% ———

Source oflata: EEA, 2024c

However, the overall decreasing emission trend at EU level, is not valid for all countries. The analysis
of emission trends for the years betwe&8902022 shows, that among countries the picture is quite
diverse (sed-igure?7.3 below). Table7.3 displays the categories where the highest absolute changes
between 2005 and 2022decreases or increases, occurred, and list the number of countries for which
the category is among the top 3.

Table7.3: Most relevant categories in Member States for increasing and decreasinge@lisions

Number of Member stateq Number of Member stateq
where the category ijwhere the category is amon
among the top 3ncreasing/the top 3 decreasing
categories categories
Public electricity and heat production 6 0
Coal mining and handling 7
Natural gas (venting, flaring, all other) 1 10
Enteric Fermentation Cattle 10 11
Manure Management Cattle 10 0
Solid Waste Disposal 7 17
Biological treatment of waste 13 0
Waste water treatment 1 15

Source oflata: EEA, 2024c
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Fugitive emissions as a result from coal mining are overall decreasing, as a result in the ambition of
LK &Ay3 2dzi O2Ff FyR GKS dzaS 2 % enisIBoyideEr Sy St
exploration/production/processing/distribution of natural gas are largely decreasing, with the only
exception of Bulgaria. For Cemissions from enteric fermentation, the number of livestock but also

the emission factors are decisive. Emission Factors are depending on animal weight, gross energy
intake and milk yields, the higher these are the more emissions can be expected.sheasuon, the

trends across Member States are quite diverse, this is also displayeidure7.3. Generdly, CH

emissions are following theattle population number, but for some countries (Cyprus, Denmark,

Ireland, Finland) the differences are quite large, indicating a significant influence of the underlying
emission factors.

Figure7.3: CH Emissions from Enteric FermentatianCHs emissionsand cattle numbers expressed
as relative change between 1990 and 2022
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Manure Management has a share of 11.1% in 2022 in total Ele@idsions. In 10 countries this
category is among the top 3 increasing categories. The trend is largely determined by Germany, Spain,
France, Italy and the Netherlands, whereby all countries reported decreases except for Spain. Manure
from cattle and swin are the most significant contributors. Decisive for the amount ofddtitted is

the applied manure management practise, with anaerobic treatments, e.g. in lagoons, ponds, tanks or
pits, resuling in the highest emissionghile the deposition of manure on pastures or ranges result in

the lowest emissionsAnother factor is the climate zone, the higher the temperature, the higher are
the resulting emissions. The maximum methane producing capacity of the manure varies by species
and diet, which influences also the excretion rate of volatile solids dependitige digestibility of the

feed intake.

In the waste sector, methane emissions decreased by 44% in the EU, this is mainly due to the
implementation of theEU Landfill Directive, leading to a reduced content of organic carbon in the
deposited waste and establishing technical standards for waste disposal sites. Also, emissions from
wastewaterhandling decreased, as anaerobic wastewater treatment, like in septic tanks, is becoming
rare. The connection of households to the sewage system is constantly increasing and advanced
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wastewater treatment run aerobically. Anaerobic digesters for sludge or waste are a source of CH
emissions and should therefore be covered to allow the recovery of the generated gas.

Emissions from the biological treatment of waste are currently eight times as much as in 1990, which
is a result of the increased use of this waste treatment method. For example, in 1990 only six countries
reported emissions from anaerobic waste digestiamgl in 2022 this increased to 24 countries. Greece
and Finland reported the highest increases in anaerobic digesinissionsin biogas facilities,
accounting of the unintentional leakages of produced gases.

The highest increase in emissions from composting can be observed for Lithtimng the
establishment of regional waste management systems and construction of new waste management
facilities resulted in significant intensification of waste composting activities. In 2016 several regional
mechanicabiological treatment (MBT) facilds were put into operation resulting in another upsurge

of waste composting activitige TU NID 2024

7.1.3 Analysis of relevant policies and measures at MS level

According to the Energy Governance regulafidtember States are required to report biannually on

their policies and measures. The information submitted by Member States is accessible at the EEA
website®’, and provided for each measure information like name, description, objective, policy type,
implementation status, etc.

To assess to what extent policies and measures are included, only measures whicrCtdrget
selected. In total 727 measures ait3 325 targetCH alone or a combination of GHGs includ®ig
(seeFigure7.4). WhenCH among other GHGs is targeted, PA(®@slicies and Measuresjfect mostly

the energy consumption and energy supply, followed by waste management. If the PAM only
addresse<CH, it becomes apparent that waste management and agriculture are the most affected
sector, which is fully reasonable as these are the major emitting sources.

Figure7.4: Allocation of Chirelevant policies and measures to sectors

PAMs addressing GEINd other GHGs per PAMs addressing only ¢Cper sector
sector energy consumptiofiN€rgy supply
waste energy 1% 6 % LULUCF
management consumption 1%
17 % 18 %

agriculture
WESE 30 %

management
62 %

industrial
processes_LULUCF
8% 6 %

Sourceof data EEA, 2024

@8 REGULATION (EU) 2018/1999 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 11 December 201
on the Governance of the Energy Union and Climate Action
@7 https://[pam.apps.eea.europa.eu/
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For a further analysis on Member State level, the relevant policies are identified by the selected
objectives. Policies and measures, which seem to be especially relmgardingtheir potential
impact, are described in more detail.

Relevant PAMs addressing fugitive gémissions from the energy sector

In the sector energyupply, the objective to control of fugitive emissions from energy productich
most relevant, this objective has been selected in 11 PAMs reported by eight Member States. The
following paragraph summarises the most promising policies:

Croatiareported three relevant measures for which the implementation is planned. One foresees the
modernisation of the existing infrastructure so that the techniques of extraction, transshipment and
construction of a transport network with very low fugitive esians can be applied during the oil and

gas extraction process and in transshipment and transport. Another one is seeking to increase energy
efficiency is achieved by implementing measures that contribute to reducing energy intensity through
more raional use of energy and raw materials, by adding additives and by altering production
processes and equipment at pumping stations and refineries, which contributes to reducing fugitive
emissions. And thirdly, it is planned to stop venting of €Hlissions by installing torches for flaring.

Denmarkhas implemented a Tax on methane emissions from natural gas fired power péantal in

terms of CQequivalents to the Cax. As ofl January 20113 tax on methane emissiongqual in

terms of CQequivalents to the CQax - from natural gas fired power plants was introduced. This is
expected to reduce methane emissions from gas engines through behavioural changes such as
changing from motor operation to boiler operation and establishing mitigation measures.
Consumptionis also expected to fall dse price of heat will increase. These behavioural changes will
result in falls in the emissions of unburned methane from power stations. In additicrgr@i€sions

will fall, and consumption of natural gas will fall. In total, a decline of 0.06 million tonngsdhi@alent
emissions in 2 out of 5 years is expected, corresponding to an average annual reduction effect of
approximately 0.02 million tonnes @équivalent per year in 20082.

Poland has implemented a research program in field of methane removal from coal mine using
directional boring (DEMET Project) technology to reduce risk and eliminated greenhouse gases
emissions. It is planned to develop a profitable and environment friendlgniglogy of methane
removal during operation of coal mines using boring in mines and replace expensive ventilation tunnels
build above coal extractions tunnels and other supportive methane removal technologies.

Spaindeveloped a biogas roadmap, providing a series of measures aimed at promoting and fostering
it, and leveraging the European consensus on the role this energy vector should play in the context of
the green recovery.

Relevant PAMs addressing ¢émissions from the agriculture sector

The reporting of PAMs requires Member States to select from a list of predefined one or more
objectives, which isare addressed by the reported polidyigure7.5 presents the objectives selected

by Member States, showing that improved livestock management and improved animal waste
management systems are predominant. Changes in livestock managenespuecially ruminant
animals¢ and changes in animal waste managarsystems are both decisive for the amount of
methane generated.
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Figure7.5: Policies and Measures reported by EU Member States fordageculture sector and the
selected objective(s).
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Table 7.4analyses the reported PAMs on a more detailed level by summarising and clustering the most
promising actions implemented or planned. It becomes then visible that most Member States take
measures to reduce methane emissions by amending feeding practisesti¢ use of biogas in the
agricultural sector is promoted and financially supported in several countries.

Table7.4: Summary of agricultural policies reported by MS addressing @kigation.

Summary of relevant policies and measures per country

Feeding

Age Structure
Breeding

Biogas

Pasture

Manure

Organic Farming
Dietary Shift

.St 3AAdzy SaidlofAakKSR |/
OFLGdtSé¢ gAlGK UKS FAY (2
Partners of the covenant take measures to both optin|
feed rations and feed efficiency as well as improving f
management and receive compeai®n for economig
losses.

BE
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Summary of relevant policies and measures per country

Feeding

Age Structure

Breeding

Biogas

Pasture

Manure

Organic Farming

Dietary Shift

HR

Croatia reported a set of measures to reduces
emissions, which concern feeding practises, imprg
manure management facilities, use of biogas plantg
electricity production, establishing a cewalf breeding
system involving extensive fattening on pastut
It also plans to improve the breeding and select
program, with the aim to selecting genetically cows V|
lower CH emitting potential. One PAM is dedicated
research with the aim to analyse current eating ha
and changing these to consume less meat.

DK

Denmark has an Energy policy agreement in p
providing subsidies for biogas use in CHP plants, but
for supplying it to the natural gas grid. It furth
introduced an aid schem#® producebiogas and othe
green gasses within the Climate Agreement. H
implemented the scheme aims at reducing emission
0,7 mil. tonnes Cg/yearly by producing 10 PJ biogas i
e-methane.

EE

Estonia increased the number of animals gra
extensively without encouraging an increase in ove
animal population. Further, in line with the REPower
program(EC, 2022)nvestment towards an increased u
of biomethane as a renewable energy source have [
made.

ES

Spain addresses the implementation of agriculty
policies in general, and improvements in {
management of manure, such as frequent emptying
slurry and coverage of slurry ponds, and intervention
increase organic farming.

FI

Finland has implemented two relevant measures ain
at the use of biogas as an alternative to fossil fu
reducing the ClHemission rate through refining feedir
practises and using emissioaducing feed additiveg
Among the planned measures, is to promote orge
farming, scalingip the plantprotein sector, gende
selection of semen to reduce the number of bull cal
Not a measure in itself but also taken into account is
increasing life expectancy of cows, ialn reduces thg¢
need for new heifers.
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Summary of relevant policies and measures per country

Feeding

Age Structure

Breeding

Biogas

Pasture

Manure

Organic Farming
Dietary Shift

FR

France has several measures in place to promote
production and consumption of organic products. It g
supports agricultural methanisation projects and th
connection to local gas networks. Beyond that, reses
activities for the use plant proteiis funded.

HU

Hungary has a measure in place enabling farmers to
new and modern manure or slurry storage facilities, v
100% insulation of soil and walls.

Ireland plans to implement several measures focusin
the breeds with favourable genetic traits for m
production efficiency and lower emissions, on redug
the slaughter age of cattle, and also the age for
calving. Additionally feed additivedi@uld contribute to
less modify rumen fermentatior
Additives to slurry or livestock manure enhar
anaerobic digestion, by optimising the biodegradab
and resulting thereby in lower methane generation.

LV

Latvia has planned several measures addressing the|
and its digestibility, extended grazing at pastures
promotion of organic farming. Also, the installation
biogas production and purification facilities on farmg
foreseen.

LT

Lithuania informs farmers about the effect of chang
the composition of certain feed on GHG emissions w
maintaining productivity and encourages farmers
graze animals extensively in meado
It also plans to support dietary shift towards more orge
food and vegetarian diets.

LU

Luxembourg aims for a reduction of its number of ca
and supporting herewith the farm's fodder sg
sufficiency. Another measure encourages the use of
additives primarily in dairy cows to reduce methg
emissions from digestion. Also, the exploitet of biogas
shall be increased in line with the national Strategy
biogas.
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Summary of relevant policies and measures per country

Feeding

Age Structure

Breeding

Biogas

Pasture

Manure

Organic Farming

Dietary Shift

MT

Malta plans to set up dewatering facilities at potentig
two sites to manage farm slurries.

x

NL

Netherlands graduallyeducethe crude protein conten
in dairy feed ratios and promote meadow grazing.

PL

Poland supports farmers to apply organic farm
practises.

PT

Portugal has a regulatory measure to reduce the cal
intensity of livestock activity through better digestibil
of the diet of animals produced in intensive and exten
systems and the treatment systems of livestock efflug

RO

Romania has an order in place regarding the organizg
of the activity of improvement and exploitation
meadows at the national level, in the medium and I¢
term. It further plans- supporting the Global Methan
Pledgeto improve the feed quality foivestock, increas
methane recovery from anaerobic fermentation

manure and use modern methods for fertiliz
application.

SK

Slovakia has a measure in place to support to increas
implementation of organic farming practises, as par
the Rural Development Pla
It further plans to provide support for biogas plants
cattle and pig farms, and to increase the digestibility
the animal feed ratio by changing animal's feeding pl

Sl

Slovenia has measures in place to increase efficien
animal production through funded breeding programni
and to increase the proportion of grazing animi
Incentives are provided for the construction of biog
plants and shall be continues for smafid micro bioga
plants.

SE

Sweden introduced a support scheme for bio
productionthrough anaerobicadigestions of manure.

AT,
CYy
Cz
GR

The PAMSs reported by these Member States add
mainly the general implementation of EU agriculty
policies, such as the Common Agricultural Policy (
and the Rural Development Program.

DE
BG
IT

These countries did not report on PAMs, which affect
agriculture sector.

12

11
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Table7.4 shows clearly that many Member States are addressing methane from different angles. Most
of them report that changing the feeding practises, which also includes the use of specific additives,
are becoming a common practise. Influencing the age structtdiréhe cattle is less prominent.
However, the increased grazing practises are part of the solution in many countries, together with
support schemes and promotion of the production and consumption of organic products. Some
countries also explore possibiliggo influence the breed by preferring cows with a genetically lower
CH emission potential.

An increased use of biogas from agricultural activities but also others, to diversify the energy mix, is
largely under implementation, and supported by funding various schemes, and will contribute to lower
emissions from manure storage and treatment.

Relevant PAMs addressing ¢émissions from the waste sector

Methane emitted in the waste sector, is mainly a result of biological decomposition of organic material
under anaerobic conditions. This situation may occur in landfills when material is highly compacted
and hardly aerated. The policies and measures impleed, adopted or planned by Member States

are largely driven by the EU waste policy framework. Important elements of these are:

- The Waste Framework Directive (2008/98/EC): introducing the waste hierarchy principles
prioritizing prevention, reuse, recycling, and other recovery methods before disposal and
leading to reduced amounts of waste landfilled.

- The EU Landfill Directive limiting the amount of municipal waste being landfilled to 10% by
2035, setting technological and operational standards for different classes of landfills and
restrictions for the landfilling of biodegradable waste (total orgaaidon of waste lower than
3%).

- The Circular Economy Action Plan (COM(2020) 98 final) addresses the entire life cycle of
products with the aim to keep resources in the economy as long as possible and prevent waste.
Regardingnethane, the actions addressing the reduction of food waste, are most relevant. A
proposal for a targeted revision of the Waste Framework Directive (COM/2023/420 final)
foresees the introduction of reduction targets for food waste from processing and
manuacturing, as well as from retail and consumption.

The policies and measures addressing €hissions in the waste sector reported by Member States

in 2023 and 2024 have been analysed with a view to the objectives selé&atpatg7.6), which show

that enhanced recycling and reduced landfilling are major aims. Enhancecb{Rdtion and use is

less often selected, which can be explained this is in most countries already in place and well
established.
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Figure 7.6: Policies and Measures reported by EU Member States for the wastetor and the
selected objective(s).
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Sourceof data EEA, 2024

Table7.5: Mainaction areas of PAMs reported by MS addressing f&n the waste sectoshows for

each Member State, the main action areas to address emissions from the waste sector. Areas most
promising for reduimg methane emissions are the prevention of waste, separate bio waste collection,
reduction of landfilling of biodegradable waste and minimisation of food waste.

Methane emissions from wastewater treatment are in the EU less relevant, as most wastewater
treatment plants follow aerobic treatments. Only anaerobic sludge treatment may be a significant
source of methane of the generated gas is not recovered and flared.

Table7.5: Main action areas of PAMs reported by MS addressing.@dm the waste sector

MS | Action Areas

AT | Separation of biewaste, collection and use of landfill gas, minimise food waste, se
composting standards

BE | Biomass energy strategy

HR | Waste prevention, recycling, reduction of food waste, separate waste collection, landf
collection, reduce landfilling of biodegradable waste, promote circular economy

CY | Reduce landfilling of biodegradable waste, separate waste collection

CZ | Sparate waste collection, recycling, reduce landfilling of biodegradable waste
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MS

Action Areas

DK | Adjust waste incineration capacity, recycling, tax system for incineration and landfilling,
on packaging, methane recovery from landfills, oxidation layer on landfills

EE | Reduce landfilling of biodegradable waste, separate waste collection, recycling

FI | Biogas, recycling, reduce landfilling of biodegradable waste, waste prevention, was!
separate collection

FR | Adapt natural gas network for biomethane, waste prevention (extended prod
responsibility), separate waste collection extended, biowaste sontinligation, regional
waste prevention and management plans, minimise food waste, fight planned obsoles
incentive pricing for waste collection from households, different taxes on waste treati
options, circular economy targets

DE | Reduce landfilling of biodegradable waste, separate biowaste collection, recycling, ae
of landfills, improved landfill gas collection, minimise food waste, separate waste colle
reduce emissions from digesters, minimise food waste

GR | Reduce landfilling of biodegradable waste, separate biowaste collection, recove
biogas/landfill gas

HU | Waste prevention, separate waste collection, wastewater management, network of v
management facilities

IE | EULandfillDirective.

LV | Sparate biowaste collection, increased use of refused derived fuel, increased bio
treatment.

LT | Increased bhiowaste treatment, biogas production, better waste separation and colle
increased landfill taxyastewater management, minimise food waste, promote circu
economy, manage household composting

LU | Support circular economy, waste management at company level, waste inciner
methane recovery at landfills, use of biomass as fuel, separate biowaste collectionusa
plastic ban, wastewater management, sewage sludge treatment

MT | Waste incineration, promote circular economy

NL | Improve air quality in generahrough the Clean Air Agreement from 2020, targeting
sectors,participating provinces and municipalities receive support for their implementg
plans which contain various measures targeting various sectors

Pl | Biogas plants, minimise food waste, wastewater management, waste prevention, |
separation

PT | Promote circular economy, waste prevention, recycling

RO | Prevent electronic waste, composting/anaerobic digestion of waste, recycling

SK | Separate waste collection, reduce landfilling of biodegradable waste, recycling, biofilt|
for landfill gas, mechanical biological treatment plants, wastewater management

Sl | Waste prevention, extended producer responsibility, separate waste collection, wasty
use of compost on agricultural land, landfill gas collection, wastewater management

ES | Support biogas use, promote circular economy, reduce landfilled waste, waste preve

minimise food waste
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MS | Action Areas

SE | Tax on landfilled waste, ban on landfilling organic waste, landfill gas collection, sU
manurebased biogas, separate biowaste collection

Source:EEA, 2024b

7.1.4 Reflections on the methodologies used to calculates@hhissions

Thissectionlooks at the IPCC methodologies used to calculatee@tissions fothe categoriesand
points at methodological issues which need tocoasideredo reflect occurring changes in calculated
numbers.

TheCH emissions reported by Member States annually are calculated following the IPCC Guidelines
2006%, which specify the methodologies, activity data and emission factors to be applied. Usually there
are three tiers (methodologies) provided. Tier 1 is the basic method, Tier 2 intermediate and Tier 3
most demanding in terms of complexity and data requirense Tiers 2 and 3 are sometimes referred

to as higher tier methods and are generally considered to be more accurate. Tier 1 methods for all
categories are designed to use readily available national or international statistics in combination with
the provided default emission factors and additional parameters that are provided and therefore
should be feasible for all countries. If a category has been identified as key category, it has a significant
AYyTEdzSyO0S 2y I 02 dzy (i NB Qa sifiteringof the absaiug yevePoleinissioidls I NB S
and removals, the trend in emissions and removals, or uncertainty in emissions and removals. Higher
tier methods (T2 or T3) should be used to calculate emissions from dtegaties (2006 IPCC
Guidelines for National Greenhouse Gas Inventories, Chapter 1).

Simple methods (T1) are based on default emission data and activity data from mostly international
data sources, and produce rather conservative estimates with a higher uncertainty, than Tier 2 or 3
which are based on country specific data derived fromamatl statistics, scientific literature, surveys,
expert judgement or measurements. Tier 3 often involves country specific modelling or
measurements, e.g. on plants.

Table7.6 showsthe key categories identified in the EU National Inven@024 (EEA, 2029 for CH
stating the share of tiers used. For the categories with the highest shamteric fermentation,
manure management and solid waste disposal, it showsrt@e than80% of the ClHemissions are
calculated with higher tierg meaning that country specific circumstances are considered leading to
more reliable and accurate results.

Table7.6: Overview of higher tier methods used by Member States to calculate &Hissions

Category Name ?ir;j\rjsegf highe (Szr(ljazr;)m EU CHotal
1.A.3.b Road Transportation: Gasoline {CH 97% 0.2%

1.A.4.b Residential: Biomass (CH 50% 2.8%

1.A.4.b Residential: Solid Fuels {CH 8% 0.5%

1.B.1.a Coal Mining and Handling: OperationsJCH |69% 6.1%

1.B.2.a Oil: Operation (GH 31% 0.2%

1.B.2.b Natural Gas: Operation (-H 63% 2.9%

3.A Enteric Fermentation (GH 96% 44.2%

@9 https://www.ipcc-nggip.iges.or.jp/public/2006gl/
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Share of highe|Share in EU GHotal
Category Name Tier used (2022)
3B. Manure Management (GH 80% 11.0%
5.A Solid Waste Disposal (H 100% 18.2%
5.DWastewatertreatment (CH) 45% 3.9%

Source: EEA, 2024c

7.1.5 OQOutlookon future CH emission trends

EU Member States are required under the Energy Governance Regulation to report every two years
on their projected GHG emissions. The data used for the assessment below is the dataset published by
the EEA in 202(EEA202D).

Based on the MS projections, the tot@H emissions in the EU are projected to decrease by 21%
between 2022 and 2050, under the consideration of policies and measures already implenvettied (

existing measures WEM scenarit). Considering additionally measures planned for implementation
(with additional measures = MM scenari®), CH emissions are expected to decrease by a further 5%.

From a Member States perspective (deigure?.7 and Table7.7) no major changes are expected
regarding the contribution of the Member States to EU total emissions. The highest reductions are
projected by France, which also has the highest share. Romania projects the highest relative reductions
(more than 40%). Slightdéreases until 2050 are only reported by Greece.

@1 29a 62NJ2a0 a0OSylINanz2 O20SNA SEA&GAY3T LREAOASE | YR
FYR FTR2LIISR LRTAOASE FYR YSIFadzZNBaAX WAYLIE SYSYGSR LRtAO
one or more of the following applies at tliate of submission of the integrated national energy and climate plan

or of the integrated national energy and climate progress report: directly applicable Union or national law is in

force, one or more voluntary agreements have been established, finaesialirces have been allocated, human
NEa2dNOSa KI @S 0SSy Y2o0AftAasSRE WIR2LIWGSR LRfAOASA |yR
official government decision has been made by the date of submission of the integrated national energy and
climateplan or of the integrated national energy and climate progress report and there is a clear commitment

to proceed with implementation (REGULATION (EU) 2018/1999, Art.2.2, 2.3 and 2.4)

49 AWAM scenarios inclugdglanned policies and S | & dzNB Dmiony tfdt afeiunder discussion atfuat

have a realistic chance of being adopted and implemeafésl the date of submission of the integrated national

energy and climate plan or of the integrated national energy and climate progress report (REGULATION (EU)
2018/1999, Art.2.h
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Figure7.7: Projected Cklemissions from Member States presenting the WEM scenario from 2022
2050
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Sourceof data: EEA, 2024b
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Table7.7: Share andrend of MS projected CHemissions (WEM scenario)

Absolute
Change Relative

Share in Share 2022-2050 (Change Trend 2022-

2022 in2050 [kt CH,] 2022-2050 (2050
AT 1 1.6%|| 1.6%]- 48.36) 2088 ——
BE bl 1.9%] | 2.0%|- 39.80} o dg|—
BG 1 1.6%]| | 1.6%|- 52.67) 20—
cY | 0.3%| 0.2%|- 10.55} -27.5% |
CZ B 3.1%|E] 2.7%|- 139 3 —
DE A 12.4%|B 13.3%|- P84, \ﬁ —
DK F 2.1%F 2.1%]- 60.96} oss|—
ES I 9.8% |1 0.2%|- | 374. -251; —
FE | 0.3%| 0.3%|- 3.97 o3| —
FI 1 1.3%| 1.2%|- 56.90% -29.3% | ———
FR F 148%0  143%|- 50898l  [23.48 ——
GR I 26%F ]  3.4% 11.42 29—
HR I 1.0%|| 0.7%|- 56.52 -3 ——
HU 1 1.9%][] 1.8%|- 78.558 [ 20| ——
IE P_l 5.2%F | 6.5%|- 5.49} 0.7%|~ ___——
IT I 1iow|l 10.0%| [ deemEl| | 2emm
LT | 0.7%|| 0.7%|- 32.79 2088~
LU | 0.2%| 0.2%|- 1.69 TR%
LV [ 0.7%]l 0.8%)- 8.28 sk —
MT 0.1%| 0.1%)- 0.66 S5.6% T —
NL F | aaxl | 4.7%|- 98. - —
PL B 12.0%[l 15.5%|- 19% % T
PT B 2.4% 2.1%|-  105.08% 0
RO B E.Q%b a6%|- [ 37800K e
SK F D.B%P] 0.7%|- 39.00 -3 —
Sl | 0.5%| 0.5%|- 14.00} N7
SE I 1.2%]] 1.2%|- 35.76) 20028 —
EU-27 100.0% 100.0% -3084.2 20.7%| ——

Source of dataEEA, 2024b

When looking at the projected trend of contributing sec{@mable7.8), highestemission reductions

are expected in the waste sector, due to a continuous decrease of depositing waste with high
biodegradable carbon contents in landfills and flaring of landfill gas or biogas for energy purposes.
Agriculture will continue being the semtresponsible for the highest share of {hissions, with an
expected reduction of $%. With the further replacement of fossil fuels for combustion a decrease of
fugitive emissions and Gftom combustion processes goes along. Increases in the LULtiGFase
expected, mainly due to increased wetland areass €Missions from industrial processes are

currently rather negligible, which will not change in the future.
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Table7.8: Share andrend of sectors contributing to CHotal emissions in the EU for 2022050

Absolute
Change Relative
Share in Share 2022-2050 |Change Trend 2022-
2022 in2050 [kt CH4] 2022-2050 |2050
1. Energy (excl. 1B Fugitives) I 5.8% | 3.6%|(- 438.470 | -lg% —
1.B. Fugitive emissions from fuels b 10.2% | 10.8%|-  249.07} -16.R% | T—
2. Industrial processes 0.4% 0.5% 1.32 2_[?.% VA
3. Agriculture | 55.4% || 65.8%|- 458.58) SB%| T
4. Land Use, Land-Use Change and Forestry (L|] 3.6%|| 5.4% 98.52 18. —
5. Waste I [ 246%|L | 14.0%|- 2[000.58  5M%| —
EU total 100.0% 100.0%|- 3 055.78 -20.5%| ——

Source of dataEEA, 2024b

7.1.6 Relevant policies on EU level and Policy Recommendations

In the past, the reduction of methane emissions has merely been addressed by the EU policy
framework not explicitly but integrated to other policy objectives. But with increasing urgency of
bringing greenhouse gas emissions down, a focus is put on methsiits,global warming potential is

28 times higher than the one of carbon dioxitland has a lifetime of about 12 years, which is
comparably short for a greenhouse gas, but long as an air pollutant. So, cutting methane emissions will
have a net cooling effect within a relatively short period and lower the formation of gréewel

ozone

As already mentioned, there are sets of sectoral policies for waste and agriculture, and overarching
policies. Methane emissions of the waste sector are addressed b\Wtste Framework Directive
(2008/98/EC)the EULandfill Directive the Urban Wastewater Treatment Directiv€EU) 2024/3019)

and the Circular Economy Action PlafCOM(2020) 98 final)which already led to decreases in
methane emissions of 44% in the waste sector between 1990 and 2022. The relevance of monitoring
and managing food waste isldressed in the Waste Framework Directive from 2008, laying down an
obligation for Member States to include food waste prevention into their waste prevention
programmes and to monitor and assess the implementation of their food waste prevention
((EU)2019/597).

TheCommon Agricultural PolicfCAPYf the EU is about the entire agiod value aiming to achieve
economic sustainability by ensuring viable farm income and resilience, enhancing market orientation
FYR AYONBl&AY3 O2YLISGAGASSYSAaas FyR AYLINBGOAYI
climate change is one of the key objectives of the CAP and integrated in national CAP strategic plans.
One pillar of the EU Green Deal is frerm toFork(EU, 2020a) strategy aiming to make food systems

fair, healthy and environmentally friendly, looking at the whole cycle of food production, processing,
distribution, consumption and waste prevention. Regarding the reduction of methane emissions, the
strategy promotes investments in anaerobic digesters for biogas production from agriculture waste
and residues, the placing on the market of sustainable and innovative feed additives, a dietary shift
and the pevention of waste.

In 2020, The European Commission adopted iiethane strategy(EU, 2020b) with the aim to
improve measurement and reporting of methane emissions and lay out measures how reduce
emissions in the energy, the agriculture and the waste sector.

Methane, being always a major component of biogas, experienced also a recognition in the last few
years as a sustainable alternative to fossil gas, contributing to a lower dependency on foreign gas and

@D 5t IPCC Assessment report, GWP values fory®@d time horizon
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lower greenhouse gas emissions. The EU plans to scale up the use of biomBibametifane Action

Plan), the purified version of biogas, as part of the REPd\¢iPlan (EC, 2022). The propoaetibns

aim at expanding the production of biogas to a sustainable volume which can be upgraded into
biomethane and promoting biomethane production from waste and residues, rather than from food
and feedstocks, which can lead to land use change relase@ss These actions should also facilitate
the sustainable upgding and safe injection of biomethane into the gas grid. How these actions may
impact the level of methane emissions will largely depend on the minimised occurrence of leakages
during production and distribution. However, carbon dioxide from combusticfossil fuels will be
avoided.

Another important, relatively new EU legislation is th&) Methane Regulatiorf(EU)2024/1787),

which requires fossil energy infrastructures operators to measure methane emissions regularly, to
prevent avoidable emissions and minimize leaks from fossil fuel operations. This regulation is expected
to have an impact on fugitive methane emissions from fuels, which currently has a share of about 10%
in total EU methane emissions (SEable7.8).

Methane is also addressed on global level, throughGhebal Methane Pleddg®, which was launched

at the COP26 in November 2021. This pledge has been signed by 159 parties of the UNFCCC and the
EU. These countries commit to collectively reduce methane emissions by at least 30% below 2020
levels by 2030. During the last COP meeiting024, additional finance was mobilized and accelerated
actions across different actors, governments as well as the private sector.

With the ongoing discussion to include reduction commitments for methane inGbthenburg
Protocol methane is getting also from an air pollution perspective more attention. Such an
amendment would increase the pressure to achieve progress but also increase the reporting burden
for a pollutant which is already reported under a different obligation.

Methane is addressed through a variety of sector specific but also general plans and policies, whereby
emphasis should be put on sustainable actions, which address the cause of the pollution and not
alleviate symptomsTable7.9). In the waste sector, much progress has already been made in by
avoiding the landfilling of organic waste instead of intensifying landfill gas collection systems.

Table7.9:; Potential solutions to substantial reduction of Gldmissions

Source of Methane End of Pipe Solution Transformative Solution

Emissions

Entericfermentation Changes in food, new breed Minimise consumption of meat an
changes in age structure, feq dairy products.
additives Increased consumption C

synthetic/cultured meat

Fugitive emission from| Avoid leakages Phase out the use of fossil fuels
the use of fossil fuels

Waste management Pretreatment of waste, active Minimise waste generation: circulg
aeration in composting, close| economy, no food waste
anaerobic digestion

7.2 Non methane volatile organic compoundsiiVOG

As mentioned irection 5,non methane volatile organic compoundse a group of chemicals that
contain carbon in their molecular structure,g.alcohols, aldehydes, alkanes, aromatics, halocarbons
and ketones. They differ widely in their chemical compaosition but show a similar behaviour in the

@2 hitps://www.globalmethanepledge.org/
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atmosphere. NMVOCs are emitted from mariggenic(mainly from vegetationand anthropogenic
sourcessuch as combustion, solvent use and production proces¥ese emitted to the atmosphere,
they contribute to tropospheric ozone formation, while some compounds (e.g., benzene and
butadiene) are also hazardous to human health, highlighting the importance of monitoring emission
changes.

7.2.1 Trends by Member States

NMVOC emissions decreased in the EU27 frog0Hgkt to 6,291 kt between the years 1990 and 2022,
which is a reduction of 61%. Under the NECDirective,which is currently undergoing a revision,
Member States are obliged to reduce NMVOC emissions among other air pollutants

All countries repord decreases of NMVOC emissions in tpatiod. The total EU emission trend is
largely determined by Germany, France and ItRlgyre7.8) ¢ the countries with the largest absolute
reductions between 1990 and 20ZPable7.10).

Figure7.8: Trend of NMVOC emissions across EU Member States from-2092
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remaining countries; please see Annex 1 to this report for the whole dataset
Source of data: EU submission under the Air convention, Ah(iexA, 2023).
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Table7.10: Information ontrend andshare of NMVOC emissions of EU Member States

Absolute
Change Relative

Share in Share in Share in 1990-2022 |[Change Trend 1990-

1950 2005 2022 [kt] 1550-2022 (2022
AT I 2.0% |l 1.6%] 1.6%(- 22873 [_-eonGl ——
BE 1] 2.3%] 2.2%|] 2.1%|-  254.43] -66.1%| ——
BG 1] 2.7%]| 1.1%]l] 1.2%|- 373370 -saiom
cy 0.1% 0.1% | 0.1% - ) ——
cz F 5.1%]|L] 4.D%P 4.5%|- . 6509 ———
DE R 24.0%8 15.7% ([ 16.4% |- 2 39408 T3 ——
DK }ﬂ 1.3%F 1.?%F 1.9%]- ——
ES E| 63%l | 78%[ | 8.7%|- 30—
EE | 0.4%| 0.4% || 0.4% |- 37.99 | L |
FI ] 1.4% [l 1.6% || 1.2% |- ; 6778 T —
FR I 7% 19.0%[l 16.9%- 1s55.08 —
GR F 1.9%| | 3.6%] | 2.2%]- 181.4?&{ —
HR I 1.1%|l 1.2% ] 1.0%|-  112.79] —
HU I 1.9% 2.0%|] 1.9%|-  195.99( —
IE I 1.0% |l 1.3% (1] 1.8%|- 46.19 | —
IT B nosll 121% F 131%[- 1147.280| ——
LT | 0.7%|l 0.6%|| 0.7%|- 70.09 | ol
LU | 0.2% | 0.2%| 0.2% |- 21.06 | -67.8%l ——
LV | 0.5%|| 0.5% || 0.5% |- 52.97 | —
MT 0.0% 0.0% 0.0%|- 2.20 he—
NL I a7%[l 2.9%P 3.8%|-  364.33] —
PL B s51%[ ] s.4%[) 19.7%|- 231.52]% ——
PT I 1.6%][] 2.1%F 24%|-  106.77] ——
RO 1] 2.6% (L] 3.7% (| 3.7%|-  197.51(] o -
5K ] 1.5%|] 1.4% 1.3%[-  163.94] -66.5%
S| | 0.4% | 0.5% | 0.5% - 36.82 | o
SE ] 2.2% 1 2.2%(R 2.1%(- 23424l [ -G308 ——
EU-27 100.0% 100.0% 100.0%|- 10 112.93 61.6% ———

Source of data: EU submission under the Air convenfionex | (EEA, 2084

In the following table the emission trends of countries with a specifically high decrease (in absolute
terms) and the underlying reasons are described in more detail:

Countries with substantial decreases

Germany {73.7%)

Germanyachieved the largest reduction in NMVOC emissions in category 1.4 Rdad Transport
Passenger cars are due to the implementation of catalydicverter use and engine improvemer
resulting from ongoing tightening of emissions laws and improved duelity. Additionally, the
implementation of the Technical Instruction on Air Quality Coftrevhich is affecting the storag

@3 TALuft 2002:
https://www.umweltbundesamt.de/sites/default/files/medien/1/dokumente/taluft stand 200207241.pdf

ETC HE Report 2022/ 91


https://www.umweltbundesamt.de/sites/default/files/medien/1/dokumente/taluft_stand_200207241.pdf

Countries with substantial decreases

of petrol and fuelling of motor vehicles, as well as a reduction in petrol consumption in Gel
leads to decreases of NMVOC emissions.

As a result of regulatory provisions on the limitation of emissions of volatile organic compoun
to the use of organic solvents in certain facilities, NMVOC emissions show a substantial dec
printing and the use of solvents and solvaintaining products since the year 1999 (Category
¢ Solvent and Product US@E IR 2024).

France {63.5%)

In France, the substantial decreases of NMVOC emissions were achieved mainly in road tr
due to the installation of catalytic converters and activated carbon filters in gasoline vehicles, |
as the shift to diesel vehicles.

Also, the implementation of regulations to reduce NMVOC emissions in the industry sector &
substitution of products with lower concentration of solvents or solvent free products affec]
decrease in NMVOC emissions in France (FR IIR 2024)

Italy (-58.2%)

Main reductions of NMVOC emissions in Italy were achieved by the introduction of product
low solvent content in paints, and the reduction of the total amount of organic solvent use
metal degreasing and in glues and adhesives; furthermore, al&Etesguipment in the industria
painting sector and the replacement of open loop with closed loop laundry machines
established.

Also decreasing NMVOC emissions in the transport sector are contributing significantly to the
reduction in Italy. These are mainly driven by the gradual adjustment of the national fleet t
European legislation, which introduced the use of catal device to reduce exhaust ar
evaporative emissions from cars. Additionally, incentives were provided for the replacement ¢
the fleet of passenger cars and of mopeds and motorcycles witkeloigsion vehicles, the use |
fuels different from gadine (LPG and natural gas), the implementation of urban traffic plans
the establishment of restricted traffic areas, daee days), checks on exhaust pipes of cars
voluntary agreements with manufacturers of mopeds and motorcycles to place mapdusow
emissions on the market (IT [IR 2024)

7.2.2 Trends by Categories

In 1990, the main source of NMVOC emissions in the EU was road transportation. Because of the
introduction of Euro emission standafds the continuous renewal of the vehicle fleet and
improvements in storage of pet§) emissions from this source decreased significantly by 90.2%

(Figure7.9).

@4 Directive 98/69/EChttps://eur-lex.europa.eu/eli/dir/1998/69/oj/eng Directive 2005/55/EQttps://eur -
lex.europa.eu/legatontent/EN/TXT/?uri=celex%3A32005L 00B%ective 2005/78/ECttps://eur -
lex.europa.eu/legatontent/EN/TXT/?uri=celex%3A32005L 0078

@9 Directive 94/63/EChttps://eur-lex.europa.eu/eli/dir/1994/63/oj/eng
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Figure7.9: Share of NMVOC emissions per sector 1990 and 2022
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Table7.11: Trend and share of sectors contributing to EU total NMVOC emissions

Absolute
Change Relative
Share in Sharein Share in 1980-2022 |Change Trend 1980-

2005 [kt NMVOC] (1880-2022 |2022
Energy Industries (1A1) 504 0.7% 13

Energy consumption (142, 1A4, 1A5 - excl. mobile) [ | 14.5%(0 | 16.4%[0 | 18.3%- 1200

Transport (1A3, 1A4, 1A5) B 343wl 201w | 7o 5082

Fugitive Emissions (1B} 6.5%| | 5.8%|] 7%|- 7661

Industrial Processes (2) I 3tlowl 3024 41.3%|- [2492]

Manure Management (3B) o.4%( | 12.8%[B | 18.5%- 381]]

Other Agriculture (3C-3J) ] 4.3%( | 136

Waste (5) | 0.8% 24

Total 100.0% - 10114

Source of data: EEA, 2024e

Nowadays, the emission trend is dominated by NMVOC emissions from residential heating combustion
(subcategory 1A4bi) and solvent uia(domestic solvent use including fungicides (subcategory 2D3a)
and the coating applications (subcategory 2D3d) and manure management of dairy amhinon
cattle (subcategory 3B1). These categories accouries of all NMVOC emissions in the EU in 2022
and have decreased 0% since 1990.

Based on the EMEP/EEA Guideb@MEP/EEA, 20230olvent use and coating applications release a
wide range of compounds including aromatic hydrocarbons (toluene, xylenes, ethylbenzene, benzene,
trimethylbenzenes, styrene), esters (butyl acetate, ethyl acetate), ketones (acetone, methyl ethyl
ketone), dcohols (ethanol, methanol), glycol ethers, and alkanes used as propellants in aerosol
products (propane, butane, isobutane) or as solventhdrane, rheptane, white spirit). Most of
these compounds are ihaled in the 4 NMVOC species listed in Annex VII of the revised AAQD (see
Section 5, Table 5.1), notably all BTEX compounds, trimethylbenzenes, key ketones, alcohols, and
relevant alkanes. Toluene and rxplene which collectively contribute approximately 28% to the
Maximum Ozone Formation Potential (Salameh et al., 202431 whichare among the species
required for monitoring.Given the dominance of these sources in current EU NMVOC emissions,
monitoring strategies should prioritise the associated compounds. As detaifelction 5, the revised
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AAQD requires Member States to establish VOC monitoring where appropriate, with network design
reflecting prevalent emission sources. For regions where residential heating, solvent use, and coating
applications are significant contributors to ozone formati this implies prioritising routine
measurements of BTEX compounds, trimethylbenzenes, acetone, and methyl ethyl ketone at urban
and industrial sites. Such targeted monitoring would provide essential data to assess the effectiveness
of emission reductiomeasures under the VOC Solvents Direétiead the Industrial Emissions
Directiveé’, while supporting the development of eviderbased ozone mitigation strategies.

The overall decreasing emission trend at EU level, is not valid for all countries. The analysis of emission
trends for the years between 1998022 shows, that among countries the picture is quite diverse (see
Table7.12). Thistable displays the categories where the highest absolute chamgdscreases or
increases, occurred, and list the number of countries for which the category is among the top 3.

Table7.12: Most relevant categories in Member States for increasing and decreasing NMVOC

emissions
Number of MemberSates, | Number of MemberSates,
where the category i{where the category is amon
among the top dncreasing the top 3 decreasing
categories categories
Road transport: passenger cars 0 25
Residential heating 2 0
Domestic solvent use including fungicides 13 0
Coating applications 2 14
Manure Management Cattle 6 3

NMVOC emissions from residential heating mainly occur from the burning of firewood. Overall
decreases have been achieved due to the replacement of more efficient andémitting appliances

as well as a decrease of energy demand in households due tostegotion activities (SKIR 2024)

The domestic solvent use including fungicides (subcategory 2D3a) and the coating applications
(subcategory 2D3d) represent 36% and 29% of all NMVOC emissions from solvent use (category 2D) in
2022, respectivelyThese emissions result mainly from the evaporation of organic solvents in paints.
NMVOCs, such as butane and propane are also used in propellants/ EAEP23.

While emissions from the domestic solvent use including fungicides have increased between 1990 and
2022 in the EU by 26%, substantial reductions have been achieved in the NMVOC emissions from
coating applications. Emissions from this source have decrdaséd% {1175kt NMVOC) since 1990
because of the implementation of legal regulations, such as the VOC solvents difettivélirective

on industrial emissiortd and the Industrial and Livestock Rearing Emissions Diré&&tiwdich
represent the main policy instrumesifor reducing industrial VOC emissions.

NMVOC emissions from the manure management originate from feed (especially silage) and the
degradation of digested and undigested fats, carbohydrates and protein in the rumen and the manure.
Therefore, the emissions of NMVVOC from this source are direffdgtad by the rate of feeding and
manure management (e.g. amount of formic acid added to silage, silage heaps and livestock feeding,

@9 Council Directive 1999/13/EC of 11 March 1999 on the limitation of emissions of volatile organic compounds
due to the use of organic solvents in certain activities and installations

@7 Directive 2010/75/EU of the European Parliament and of the Council of 24 November 2010 on industrial
emissions (integrated pollution prevention and control)

@8 Directive 2010/75/EUnttp://data.europa.eu/eli/dir/2010/75/0j

@9 Directive 2010/75/Ethttp://data.europa.eu/eli/dir/2010/75/202408-04
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manure management during livestock housing and storage, straw added to manure, duration of
manure storage and techniques used for manure applicaditMEPEEA 2023.

7.2.3 Analysis of relevant policies and measures at MS level

Member States are required to report on their policies and measwesordingo the NEC Directive

Article 6 of the directive sets out the obligation for Member States to draw, adopt and implement their
respective National Air Pollution Control Programme (NAPCP) including their selected policies and
measures, in order to fulfil their emission reducticommitments.

Policies and measures, contained in the national air pollution control programmssbe updated
within 18 months of the submission of the latest national emission inventory or national emission
projections.

To assess to what extent policies and measures are included, only measures which target NMVOC are
selected. In total 492 measures out of 809, target NMVOC alone or a combination of other air
pollutants including NMVOC (séagure7.10). When NMVOC among other pollutants is targeted,
PAMs affect mostly the transport sector and energy consumption, followed by energy supply. If the
PAM only addresses NMVOC, it becomes apparent that industrial processes and energy supply are the
most targeed sectors, which arthe major emitting sources.

Figure7.10: PAMs addressing NMVOC emissions per sector

PAMSs addressing NMVOC and other air PAMs addressing only NMVOC per sector
pollutants per sector

agriculture

industrial 8%
processes
8%

_energy supply
19%

Source of data: EEA, 2024d

For a further analysis on Member State level, the relevant policies are identified by the selected
objectives. Policies and measures, which seem to be especially relmgardingtheir potential
impact, are described in more detail.

Relevant PAMs addressing NMVOC emissions from the energy sector

Within the energy sector, energy consumption and energy supply are most relevant regarding policies
and measures addressing NMVOC emissions.

hadSNIXrftsx Ay 020K SySNBHe@ a dzLJLJX e YR SySNBHe@ o
YIEYyF3ASYSYUiGkNBRdzOGA2Y Q YR WOFTFAOASYOE& AYLNROGSY
(Figure7.11).

In sector energy supply, the objective to increase renewable energy is most relevant. It has been
selected in 70 RMs reported by 15 Member States. 9&¥s (reported by 10 Member States) are

N
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consumption.

Figure7.11: Policies and Measures reported by EU Member States for the energy consumption and
energy supplysectorsand the selected objectives.
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Note: The number in brackets next to the country name, shows the number of energy PAMs repdrt&is,
DK, FI, FR, LU, NL, PT and SE are not included as they did not report any PAMs in this category
Source: EEA, 2084

Table7.13 analyses the reported PAMs on a more detailed level by summaasidglusteringhe

most promising actions implemented or planndtibecomes then visible that most Member States
take measures to increase the share of renewable energy. Also, the switch to less carbon intensive
fuels and improvements in efficiency are promoted and financially supported in several countries.

Table7.13: Summary of energy supply and consumption policies reported by MS addressing

NMVOC
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Summary of relevant policies and measure

per country

Increase in renewable Energy

Switch to less carboeimtensive

fuels

Efficiency improvement in the

transformation

energy and

Reduction of losses

Switch to less carboeimtensive

fuels

Enhanced nomenewable low

carbon generation (nuclear)

Demand

management/reduction

improvements o

Efficiency
buildings

of

improvement

Efficiency

appliances

for electricity production are reportel
PAMs regarding the energy consumpti
and supply sectors.

Cz

/ T S OK AMsQmainlyt aim on thg
awareness raising for correct operatil
and maintaining of combustion sourc
and health risks associated wi
combustion of solid fuels.

EE

Estonia reported a set of ARils,
addressing the NMVOC reduction in t
energy sector, including the renovatio
construction and/or replacement ¢
inefficient of district heating boilers an
heating pipelines, fuel exchang
investments in  more  sustainab
technologies (e.g. wind pask hydroger
technologies, production and usage
biomethane) and VAT incentives

DE

NMVOC emissions from the ener
supply and consumption in Germany é
tackled by draft legal regulations |
increase renewable energy in heati
systems.

GR

PAMs in Greece, concerning NMV(
emissions in the sectors energy sup
and consumption, are associated with t
implementation of the EU Directive
94/63/EC (control of emissions of volat
organic compounds from the storage
petrol and its distribution) and
2009/126/EC (recovery of petrol vapc
and the reduction of lignite mining for us
in electricity generation.

Ireland promotes the deployment of sol|
energy systems as well as t
replacement of coal fired electricit
generation with natural gas fire
electricity generation.

Italy implemented changes [

incentivization rules on bioenergy.
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Summary of relevant policies and measure

per country

Increase in renewable Energy

Switch to less carboeimtensive

fuels

Efficiency improvement in the

transformation

energy and

Reduction of losses

Switch to less carboeimtensive

fuels

Enhanced nomenewable low

carbon generation (nuclear)

Demand

management/reduction

improvements o

Efficiency
buildings

of

improvement

Efficiency

appliances

LV

Latvia's RMs for the energy supply an
energy consumption sectors inclut
financial support programs for distri
heating or local central heating, th
useof renewable energy sources al
technologieqsun,wind, heat pumps),
connection of households, publ
buildings and industrial installations 1
district or local central heating system
well as the extension of District Heatil
Networks and the development of ne
systems.

LT

Lithuania has reported a set ofARIs
concerning NMVOC emissions in
energy sector, including
-Limit the burning of solid fossil fue
(coal, lignite, peat) by legal mea
-Incentives to install renewable ener
sources

-Renovation of building
-Financial incentives to change the he
production  devices installed [
households

-Awareness  campaigning  includi
measures and solutions for increasi
energy efficiency
-Development of the hydrogen marki
and infrastructure
-Implement local and RHssed
Gombined Heat and Power (CHP
projects.

-Use of residual heat iDistrict Heating
OH systems|
-Installation of heat storage tanks, he
pumps.

-Construction of solar collector syster
for district heating activities and of boile
burning biofuel from logging residus
-Deployment of alternative fuels i
industrial plants

MT

Malta reported on schemes on sol
water heaters in the residential sectj
and on encourage battery integration

photovoltaicsystems.
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Summary of relevant policies and measure

per country

Increase in renewable Energy

Switch to less carboeimtensive

fuels

Efficiency improvement in the

transformation

energy and

Reduction of losses

Switch to less carboeimtensive

fuels

Enhanced nomenewable low

carbon generation (nuclear)

Demand

management/reduction

improvements o

Efficiency
buildings

of

improvement

Efficiency

appliances

PL

Poland reports BMs on supporting
investment projects in the field c
construction (expansion q
modernization of existing productio
facilities or industrial equipment), th
expansion of the district heating netwo
and the energetic use of geotherm
resources. Additiondy, cofinancing the
purchase and installation of photovolta
installations, wind installations, he;i
pumps and hybrid installations, th
support of offshore wind farms and th
commission of nuclear power units a
reported to tackle NMVOC emissions
the energy sector.

RO

The modernization, rehabilitatior
upgrading and extension (
establishment of centralized heat supy
systems of localities, financing hig
efficiency cogeneration based on natu
gas, supporting the installation
photovoltaic/photothermal panels a
household level and smadlcale
renewable energy production, transpo
and storage capacities of energy deme
in public buildings are reported &
Romania.

SK

Slovakia's reported AMs in the energy
sector are dealing with measures, such
control systems for devices using s¢
fuels, switching to District Heatin
Systems, thermal insulation combini
with the introduction of a biomas
gasification boiler or condensing g
boilers, eplacing high emissions boile
by more energy efficient ones ar
phasing out of coal mining.

Sl

Slovenia plans to increase the connect
of buildings in urban areas to the distri
heating systems and increase t
electricity and heat production fror

renewables.
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Summary of relevant policies and measure

per country

Increase in renewable Energy

Switch to less carboeimtensive

fuels

Efficiency improvement in the

transformation

energy and

Reduction of losses

Switch to less carboeimtensive

fuels

Enhanced nomenewable low

carbon generation (nuclear)

Demand

management/reduction

improvements o

Efficiency
buildings

of

improvement

Efficiency
appliances

ES

Spain addresses NMVOC emissions in
energy sector (supply and consumptic
by:

-Hnancial support instruments for the us
of renewable energy in the industri
sector,

-Pre-feasibility studies for thermal bioge
application projects
-Direct biomethane in  transpor
-Repowering of wind farms
-Renovation of minihydroelectric plants
-Innovative wind turbine blade recyclir]
facilities.

-Integration of thermal renewables inf
the building sectol
-New hydroelectric storag
capacity
-Slf-consumption  with
-Promote  biomass  energy  wit
sustainability criteria
Additionally the 20222026 Electricity
Transmission Grid Development Plan ¢
out that renewable energy coverage
electricity consumption is expected |

energy

renewable

reach 81% by 2030.

Relevant PAMs addressing NMVOC emissions from the Industrial Processes sector

Within the Industrial Processes (IPPU) sector, the objective to install abatement technologies is most
relevant and has been selected in 38M reported by 10 Member States, followed by the objective
SYR

WOTFTAOASY D2
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Figure7.12: Policies and Measures reported by EU Member States for the industry processsesr
and the selected objectives
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Note: The number in brackets next to the country name, shows the numbiedostry PAMs reportedAT, BG,
Cz,DE, DK, FI, FR, IE, IT, LU, NL, PL, PT, SK and SE are not included as they did not report any PAMs in this category
Source: EEA, 20@4

Table 7.14 analyses the reported PAMs on a more detailed level by summarising and clustering the
actions implemented or planned.

It becomes then apparent that most Member States apply legal frameworks to reduce NMVOC
emissions by increasing measurements, introducing and promoting reduction technologies (e.g. by
applicating the best available techniques (BAT)) and by growing the simal use of renewable
energies.

PAMs dealing with the reduction of NMVOC emissions from solvents use, one of the main contributors
of NMVOC emissions in the EU in 2022, are reported by most of the countries. Many of them are
dealing with the implementation of the Industrial and Livestogafhg Emissions DirectRfe the
directive on industrial emissiofisand the directive on the limitation of emissions of volatile organic
compounds due to the use of organic solvents in certain paints and varnishes and vehicle refinishing
product$?.

©9 Directive 2010/75/EUnttp://data.europa.eu/eli/dir/2010/75/202408-04
©9 Directive 2010/75/EUnttp://data.europa.eu/eli/dir/2010/75/0j
©2 Directive 2004/42/EChttp://data.europa.eu/eli/dir/2004/42/2021-07-16
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Table7.14: Summary industry processes policies reported by MS addressing NMVOC

Summary of relevant policies and measures pe

country

Improved control of fugitive emissions froi

industrial processes

Installation of abatement technologies

Demand management/reduction

abatemen

pollution
technologies on vehicles, vessels and aircra

of

Deployment

Reduction of losses

Other industrial processes

Increase in renewable energy

Efficiency improvement in industrial ende

sectors

BE

PAMs are aiming at the shift towards lower a
more efficient Best Available Technique
Associated Emission Level (BRHL) values fd
companies using or producing solvents.

x

HR

Research should help identify ceeffective
measures, measures that have a posit
impact on economic developmen
employment, research that help transf
knowledge about best available techniques ¢
good practice.

EE

A production plant must comply to the be
available technologies (BAT). The requiremg
of the Industrial Emissions Act include emisg
limit values, monitoring and emission reducti
measures through the implementation of BA
if an environmental perntiis issued.

GR

Reported RMs are dealing with th¢
implementation of Directives 2010/75/E|
(reduction of emissions into the air, water a
soil), 2004/42/EC (restrictions on tf
composition, of consumer products, such
decorative paints and varnishes and

refinishing productsand Directive 1999/13/E
(limit emissions of volatile organic compoun
due to the use of organic solvents).

HU

PAMs related to industrial processes 4
dealing with technologyspecific emission lim
values for activities which are not covered
IED in national legislation, a review of emisg
limit values set before 2011 and a char
according to the state of thart as well as th¢
developmentand promotion of a tax incentiv
scheme to promote the use of emergi

techniques.
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Summary of relevant policies and measures pe

country

Improved control of fugitive emissions froi

industrial processes

Installation of abatement technologies

Demand management/reduction

abatemen

pollution
technologies on vehicles, vessels and aircra

of

Deployment

Reduction of losses

Other industrial processes

Increase in renewable energy

Efficiency improvement in industrial ende

sectors

LV

Latvia reported RMs connected to thg
reduction of NMVOC emissions in the IR
sector are including
-More efficient control of polluting activities |
the Industry
-Revision of existing permits and th
application of stricter emission requiremen
-Installation of vapor recovery systems
arbors for oil products and hazardous chemig
-Implementation of measures by operatg
-Raise of fines to prevent operators fro
breaching environmental requirements

LT

PAMs dealing with the reduction of NMV(
emissions in the sector 'Industry Procesy
include the introduction and application
NMVOC emission reduction technolg
compliant with Best Available Techniques (B|
as well as the limitation of emissions of atille
organic compounds due to the use of orgal
solvents in installations. The country a
reported the application of stricter emissiq
limit values for combustion plants, boilers a
heaters, financial incentives to apply measu
for NMVOC emissiongeduction and the
promotion and use of renewable ener
sources.

MT

The Environmental Authorisations Regulatiq
provide a framework for environment
authorizations, laying down the threshold
procedure and guidance for the Environme
and Resources Authority to authorize a
regulate any activity, operation, interventio
project or land use that maynfluence the
environment. Provisions include operati
conditions on emissions to air, efflue
discharges, emissions to land, waste storg

acceptance, handling and treatment.
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abatemen

pollution
technologies on vehicles, vessels and aircra

Summary of relevant policies and measures pe
country

of
Efficiency improvement in industrial ende

Improved control of fugitive emissions froi
sectors

industrial processes

Installation of abatement technologies
Demand management/reduction
Deployment

Reduction of losses

Other industrial processes

Increase in renewable energy

Romania reports the promotion of greg
technologies and the implementation
circular economy principles in th
manufacturing industry as well as X
improvement of the reporting and recordin
for solvents and use of the products and the
RO | of solvents irhouseholds.

The country reports of the reduction of solve
content in road paints in its submittedAMs
dealing with the reduction of NMVQ
S| | emissions in the industry sector.
Spain provides a set ofARIs including the
promotion in investment in higlenergy
efficiency technologies, the implementation
best available technologies (BAT) in industry
well as energy management systems and
increase in the share of renewable energy u
in the industial sector through financig
ES | support instruments.

Relevant PAMs addressing NMVOC emissions from the agriculture sector

Overall, six Member States are reporting 38R that are dealing with NMVOC emission reduction
within the agricultural sector.

a2alid NBfSOlIyl 202S0GA0Sa Ay (GKA& aSO0i2NJ I NB WAY
YR W2 KSNI | 3NR OWE répdeteds 1§y 5 Mentber StitdslZrdepe&irely)t followed by
0KS 202S00A0S WhiKSNI I O0A QAFigWr&S.43). A YLINE Ay I ONER LX |
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Figure7.13: Policies and Measures reported by EU Member States for the agricukertorand the
selected objectives

40
35
30

25
Sl (5)
mLV (1)
uLT (7)
= HR (4)
15
mEE (18)

mES (3)
10

20

total number of PAM in Improved animal waste Improved livestock Other activities Other agriculture
the agriculture sector management systemsmanagement and rearing improving cropland
installations management

Note: The number in brackets next to the country name, shows the numbsggrafulturePAMs reportedAT,

BE, BG, CY, CZ, DE, DK, FI, FR, GR, HU, IE, IT, LU, MT, NL, PL, PT, RO, SK and SE are not included as they did not
report any PAMs in this category

Source: EEA, 2084

Table7.15 analyses the reported PAMs on a more detailed level by summarising and clustering the
actions implemented or planned.

It shows that most Member Statethat have reported PAMs in this sectaim to reduce NMVOC
emissions in the agricultural sector by improving the efficiency of fertilizers, capacity building and
training programs as well as improvements in livestock management.

Table7.15: Summary agriculture policies reported by MS addressing NMVO

<

3alBC 55|82
s gl 9w ©| = &
So| 9 2] S a
s8¢ 5 g S
Eo|= % 2|80 s
.. = —_ >
Summary of relevant policies and measures pel| c € 2% | S c 1 = =
i T @ SH|Sc s @ o
country s E|ocEc| o E o £ =
OO | DO = | EE T £ o =
>So| >0 ET O S o @
O@| O@Ec | L N] %O ® o
2c| 2aca St |52« =
£ S 0SS0 | 8 E o)
Eeg|lEel| @ |0OEE O
Croatia's RMs mainly aim on the coverin
storage (liquid) manure, education al " " « «
encouraging  agricultural  producers, tl
implementation of measures relating to t
HR|reduction of ammonia emissions and t|
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Summary of relevant policies and measures pel|
country

Improved animal wastg
management systems

livestock

Improved

and

management

rearing installations

Lowemission
application

of
on

fertilizer/manure

activities

Other

cropland

improving

management

Other agriculture

improvement of livestock breeding, livesto
production and animal nutrition.

EE

NMVOC emissions from the agricultural secto
Estonia are tackled by the support for
conversion to organic farming, the cultivation
catch crops, the replacement of mineral fertilize
by organic fertilizers, reconstruction |
construction of new ligstock facilities ani
provide investments into renewable ener;
through investments in bioenergy and promc
its production. Additionally, Estonia reportéfs
dealing with the provision of higher econon
added value to bigesources, the increase tk
number of animals grazed extensively 4
support of regional soil protection.

LV

Latvia's reported RM is aiming on new strategie
for capacity building and more efficiel
performance of the State environmental Servic

LT

The countries reported AVs to reduce NMVO!(
emissions from the agricultural sector include {
promotion of catch crops, financial incentives
produce biogas from livestock and the desigr|
requirements for animal farms regarding
available new technical solutions to manage
emissions.

Sl

The funding of practices directly reduci
ammonia emissions, the improvement

efficiency in use of livestock fertilizers and mine
fertilizers as well as the implementation

training programs to reduce ammonia are
main FAMs reported by Slovenia, aiming

reduce NMVOC emissions from the agricultt
sector.

ES

PAMs in Spain, concerning NMVOC emission
the agricultural sector, include the prevention
open burning of pruning residues from woo
crops, the modernization of existing facilities a
the renewal of machinery and/or replacement
tractors and seedills.
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7.2.4 Reflections on the methodologies used to calculate NMVOC emissions

The NMVOC emissions reported by Member States annually are calculated following the EMEP/EEA
Guidebook2023 (EMEP/EEA, 2023 which specify the methodologies, activity data and emission
factors to be applied. Usually there are three tiers (methodologies) provided. An explanation of the
different tier methods is already provided section77.1.4

Table7.16shows the key categories identified in the EU Informative Inventory Report(EEX, 2024

for NMVOC stating the share of tiers used. These key categories acco8i¥daf the overall NMVOC
emissions in the EU in 2022. As presente@iahle7.16, 64%-100% of these emissions are calculated

with higher tier methods, meaning that country specific circumstances are considered, which leads to
more reliable and accurate results

Table7.16: Share of higher tiers for NMVOC emissions in the top 5 key categories in the EU in 2022

Category Name Share of highefTier| Share in EU NMVO
gory used total (2022)

1A4bi Residential: Stationary 98% 15%

2D3a Domestic solvent use including fungicides 100% 12%

2D3d Coating applications 93% 10%

3B1la Manure managemenDairy cattle 99% 8%

3B1b Manure managementNon-dairy cattle 99% 6%

2D3g Chemical products 100% 5%

2D3i Other solvent use (please specify in the IIR) 100% 4%

3De Cultivated crops 95% 4%

2H2 Food and beverages industry 92% 3%

1A3bv Road transport: Gasoline evaporation 100% 2%

3Da2a Animal manure applied to soils 100% 2%

1A3bi Road transport: Passenger cars 100% 2%

2D3h Printing 98% 2%

2D3e Degreasing 95% 1%

3B4gii Manure managemenBroilers 100% 1%

1B2av Distribution of oil products 64% 1%

Source of dataEU Member Statsubmissions under the Air Conventistom 2024

7.2.5 OQutlookon future NMVOC emission trends

Under the NECDirective, EU Member States are required to report projected air emission data
biennially for the years 2020, 2025, 2030 anahere available; also for the years 2040 and 2050,
beginning in 2017.

The data used for the assessment below is based on the Member States submissions in 2023.
Unfortunately, 9 Member State®Belgium, Cyprudreland, Finland, Hungary, Lithuania, Luxembourg,
Italy and Polang did not provide NMVOC emission data for the year 2020 within their projection
submission; this data was gap filled with data provided in their emission inventories as submitted in
2024.

Based on the MS projections, the total NMVOC emissions in the EU are projected to decrease by 11%
between 2020 and 2030, under the consideration of policies and measures already implemented (with
existing measures = WEM scenario). As many countries digpnoeide projections considering
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additional measures (with additional measures = WAM scenario), an assessment cannot be provided
at this level.

From a Member States perspective (Seable7.17 and Figure7.14) no major changes are expected
regarding the contribution of the Member States to EU total emissions.

Three Member State@reland, Luxembourg and Maltaxpect increases in NMVOC emissions until the
year 2030, mainly in the sectors manufacturing industgeson and steel, the food and beverages
industry, the domestic solvent use, coating applications, printing and the manure management of dairy
cattle.

The highest absolute reductions are projected by Italy, mainly influenced by reductions of NMVOC
emissions in stationary combustion in the commercial and the residential setfithiuania projects

the highest relative reductions (more than 51%).

Figure7.14: Projected NMVOC emissions from Member States presenting the WEM scenario for the
years 2020, 2025 and 2030
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Source of data: EEA, 2@R4
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Table7.17: Share andrend of MSs projected NMVOC emissions (WEM scenario)

Absolute |Relative

Sharein |Sharein |Change Change

2020 2030 2020-2030 |2020-2030
AT 1.7% 1.7%-  12.09 -10.9%4
BE 2.29%4 2.0%- 26.34) -18.8%4
BG 1.49 1.59- 4.20 4.7
CY 0.1% 0.1%- 1.64 -19.3%
cz | 4.7%) 3.3%- 112.07] -37.3%
DE . 16.3% | 18.2%- 4.05 -0.44
DK 1.7 1.99%- 0.55 -0.54
ES 1 8.5 | 9.19-  20.98] -3.99
EE 0.4% 0.4%- 3.06 -12.5%4
Fl 1.3% 1.3%-  12.19 14404
FR | 1489 |  15.6%- 53.28 -5. 794
GR 2.2% 2.2%- 1413 -10.004
HR 1.19% 1.19%- 6.99 -9.9%4
HU 1.9 2.0%- 8.69 7.1
IE 1.89 2.1% 5.52 5.0%
IT .| 12894  12.1%- 126 -15.6%
LT 0.7% 0.4%- 2411  -51.8M
LU 0.1 0.2 0.57 6.2
LV | 0.6% 0.6%- 2.36 -6.6%4
MT 0.0% 0.0% 0.06 2.4%
NL | 4.3%] 43%-  30.6 -11.3%
PL 11299 10.9%- 92.8 -13.0%4
PT 2.19 2.19- 1547 -11.404
RO 3.8% 2.79%-  86.93] | -36.4%
SK 1.4% 1.5%- 2.80 -3.2M
S| 0.5% 0.5%- 3.80 -12.3%4
SE 2.2 2.29-  15.50 -111.2/
EU-27 | 100.0° 100.0%- 675i‘ -10.6%4

Source of data: EEA, 24

7.2.6 Relevant policies on EU level and Policy Recommendations

In previous years, the reduction of NMVOC emissiangebeen addressed by several policies or EU
and global level, that aim on reducing NMVOC emissions either directly or indirectly to lower the
formation of ground level ozone.

The Gothenburg Protocdf was adopted in 1999 and amended in 2019, with the main objective to
control emissions of sulphutioxide nitrogen oxides, ammonid&M. s (fine particlesland NMVOCs
which are caused by anthropogenic activities. This includes national reduction commitments to be
achieved by 2020 and beyond for the abawentioned pollutants.

GIECE.EB .AIR .114 ENG.pdf
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TheGeneva Protocéf, concerning the control of emissionsMMVOC®r their transboundary fluxes

was adopted in 1991. It required a 30% reduction in VOCs by 1999, where the base year can be chosen
between 1984 and 1990.

The NECDirective’™® sets emission reduction commitments into force for five important pollutants
including NMVOC emissiongor each Member State. The reduction commitments are aligned with
the ones defined in the Gothenburg Protocol.

Therevised Industrial and Livestock Rearing Emissions Directive (IEE 2if)s to prevent industrial
pollution from harming health and environment and applies to industrial plants as well as to intensive
pig and poultry farms. The directive promotes and facilitates investments into innovative and
transformative techniques (e.@est Available Technigge

To limit the content of VOCs in paints, varnishes and vehicle refinishing produgsjtibedirective’

was introduced. It provides the technical specifications for certain paints, to achieve a reduction in
NMVOC emissions in the EU.

The reduction of NMVOC is addressed through a variety of spsedfiorsbut also general plans and
policies. Much progress has been achieved in previous years in the road transport sector and in the
use of solvents due to the implementation of several programmes. In other areas, such as the
residential heating, further decrea in NMVOC emissions can be accomplished by continuously
improvement of heating systems and investments in more sustainable technoldgiee1.18).

Table7.18: Potential solutions to substantial reduction of NMVOC emissions

Source of NMVO( End of Pipe Solution Transformative Solution
Emissions
Residential heating Maintenance and exchange ( Change heating systems (e

old heating devices; shift t{ renewable energy, extension of distri
fuels with less NMVO(KSI G Ay 3 aeaidsSvyax
emissions (e.g. natural gas) | buildings

Solvent use Promotion of the production of Shift to best available technologies
products (paints) with low industrial plants
content of organic solvents

Manure management | Changes in feeding technique| Minimise consumption of meat an
silage management dairy products

improvement in  manure
management during livestoc
housing and storage

7.3 Nitrogen oxide (NQ)

NCx is one of the mairprecursorsof groundlevel ozoneand comprises two gases: nitric oxide (NO)
and nitrogen dioxide (N£p The main anthropgenic sources are r@kd to fuel combustiorirom fuel
bound nitrogen and thermally producedQ, at high temperaturesBesideghat, the production and
application of nitrogerfertilizer, and Nfixing crops contribute to NQreleases to lte atmosphere
Natural sources include lightningsthe upper tropospherand microbial activity soils.

&% Geneva Protocohttps://unece.org/environmenspolicy/air/protocolconcerningcontrol-emissionsvolatile-
organiccompounds

®9 Directive (EU) 2016/2284ttp://data.europa.eu/eli/dir/2016/2284/0j

8 Directive 2010/75/EUnttp://data.europa.eu/eli/dir/2010/75/202408-04

7 Directive 2004/42/EChttp://data.europa.eu/eli/dir/2004/42/2021-07-16
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7.3.1 Trends by Member States

Among other pollutants, Member States of the EU are obliged to reduce theiehidsions under
the NECDirective.In the EU, N@emissions decreased between 1990 and 2022 by 64% (fraho2l&
NOxin 1990 to 5395kt NQiin 2022)

The emission trend on EU les& mainly influenced by France, Germany, Italy and Spaingees
7.15), who contributed most to the total emission reductions over the time perimd all Member
States reduced their N@missions since 1990 (s&able7.19).

Figure7.15: Trend of NQemissions across EU Member States from 12922

16 000 )
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14 000 m Germany 17.5%
m France 12.9%
12 000
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6 000 m Romania 3.8%
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Note: the figure displays the 10 biggest contributorstox$Or A 8 aA 2y a Ay GKS 9! & WYhiKSND
remainingEUcountries; please see Annex 1 to this report for the whole dataset
Source of data: EU submission under the Air convention, Ah(iexA, 2024e)
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Table7.19: Information on trend and share of N&Emissions of EU Member States

Absolute
Change Relative

Share in Share in Share in 1990-2022 |Change Trend 1990-

1990 2005 2022 [kt] 1990-2022 (2022
AT I 1.4%[L 2.3%[L 2.1%(-  101.75]] L —
BE [ 2.8%(L | 3.1%|] 2.5%|-  295.04] -69.0% —————__
BG 1] 2.0%(l 1.7%] 1.8%|-  198.69] 67 T
cY | 0.1%| 0.2%| 0.2%|- 5.98 -3 L
cz B 5040 2.9%L] 2.9%|- snd@—{ 79.4%
DE R 12540 14.5% | 17.5%|- 1500080 | —_—_
DK 1] 2.0%l] 1.9% ] 1.6%[-  209.07] -70.7% ———— _
ES | 0.5%|| 0.a%|| 0.4%|- 51.29 | 68608
EE I s7%[l 1pa%[l 10.9%| 72038 28
Fl F 2.D%F 1.9%P 1.8%|- 20?.4@‘ -67.6%
FR B 1414% [ 15.0% |8 1219%|- [1479.600 -68.0% ———— _
GR [ 2.7% | a5% | a3%|-  177.3d] | —
HR I 0.7%]| 0.8% |l 0.8%|- 57.16 | ] —
HU [ 1.6%|[ 1.7%]|[] 1.9%|-  143.52[] —
IE ] 1.1%(l 1.6%|] 1.8%|- 72.71] —
IT I 1a1%|B 10.1% |8 11.5%|- [1508500| | -_
LT I 1.0%|| 0.6% | 0.9%(-  104.02]] -67.8%—
Ly | 0.3%|| 0.5%| 0.2%|- 29.39 | 71—
Lv I 0.7%| 0.4% || 0.6%|- 65.96 -66.9%| ——
MT 0.0% 0.1% 0.1%|- 2,51 3 —
NL B as%l] ao0%[l]  z.6%|- 435.@1‘ 7AW -
PL B 7a%l ] 7.9%]B |9.8%|- sasE8l ———
PT I 1.7%| 2.6%| 2.5%[-  123.78[] o —_
RO [ 3.1%(L | 3.1%(0 ] 3.8%-  267.77] ] —
SK 1] 1.9%] 1.3% (L] 2.1%(-  178.01] oo ————
5l | 0.5%|| 0.5%|| 0.5%|- 49.77 | -66.0% ————__
SE I 0.9%| 1.0%|] 1.0%|- 81.36 —
EU-27 100.0% 100.0% 100.0%(- 9706.97 -64.3%) ———

In the following table the emission trends of countries with a specifically high decrease (in absolute
terms) and the underlying reasons are described in more detail:

Countries with substantial decreases

Germany {67% -1 900kt NOy)

Germany achieved the largest reduction in \nissions in category 1.A.3.lg.Road Transport
Passenger cars and 1.A.3.lilHeavy Duty vehicles, due to constantly improving fuels, the us
catalytic convertes and increasingly stricter regulations resulting in technical improvements.
long-term trend in category 1.A.1@Public electricity and heat production is also decreasing, mi
influenced by the declining consumption of lignite in the early ninetrebthe decrease of hard co
consumpton from 2014onwards(DE IIR 2024).

France {68% -1 480kt NCy)

In France, the substantial decreases ofkd@issions were achieved mainly in categofies.1.ac
Public electricity and heat production and 1.4R8ad transport due to the installation of catalyt
purification systems, structural changes in the energy mix (e.g. nuclear power program) a
improvement of industrial facilities. Additionally, European emission stanéfandse introduced,

®® Directive 98/69/EChttps://eur-lex.europa.eu/eli/dir/1998/69/oj/eng Directive 2005/55/EChttps://eur-
lex.europa.eu/legatontent/EN/TXT/?uri=celex%3A32005L0055 Directive 2005/78/EC: https://eur-
lex.europa.eu/legatontent/EN/TXT/?uri=celex%3A32005L0078
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Countries with substantial decreases

setting the maximum pollutant emission limits for road vehicles and led to a renewal of the v
fleet (FR IR 2024)

Italy (-71% -1 505kt NOx)

Reductions in NQemissions between the years 1990 and 2022 in Italy are mainly drive
reductions in the transport sector{9% in category 1.A.3.b.i ardb% in category 1.A.3.b.iii). Tt
decrease has been achieved by the introduction of catalytic converters to reghoge emissiony
provided by European Directivisand subsequent modifications and integrations. Additiong
policies to further encourage the reduction of N€nission, such as incentives to renew the pul
and private fleet, the purchase of electric vehicles, promotion for the expansion of rail, mal
and urban transport systems and programmes for sustainable mobility, have been introduce
NO« emissions from category 1AT®ublic electricity and heat production have decreased by !
between 1990 and 2022 due to the conversion of the use of natural gas instead of fuel oil as
a significant reduction in the use of coal fuels for energy production. More stringent emissits
for new plants, incentives for the improvement of energy efficiency and the promotion of reney
energy and energy savings have led to further reductions in this sector (IT lIR 2024)

7.3.2 Trends by Categories

The main sources of N@missions in the EU originate from the transport sector, followed by fuel
combustion activities in the energy sector. The share of totak Bi@issions from these sectors
decreased from 52% in 1990 to 47% in 2022. This was influenced by the harmonized application of
Euro emission standards in the road transport se€towhich led to the introduction of improved
exhaust emission controls, the progressive introduction of abatement technologies and technology
shifts in industrial plants as well as the shift from solid or liquid fuels to gaseous fuels in public
electricityand heat production.

®9 Directive 91/441/EQttp://data.europa.eu/eli/dir/1991/441/ojand Directive 94/12/EC
(http://data.europa.eu/eli/dir/1994/12/0j

0 Directive 98/69/EChttps://eur-lex.europa.eu/eli/dir/1998/69/oj/eng Directive 2005/55/EChttps://eur -
lex.europa.eu/legatontent/EN/TXT/?uri=celex%3A32005L 00Bfective 2005/78/ECttps://eur -
lex.europa.eu/legatontent/EN/TXT/?uri=celex%3A32005L 0078
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Figure7.16: Trend of NQemissions per sector 1992022
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Source of data: EEA, 2024e.

Table7.20: Trend and share of sectors contributing to EU total dgbnissions

Absolute
Change Relative
Sharein Sharein Sharein 1980-2022 |(Change Trend 1990-
1990 2005 2022 [kt NMVOC] |1990-2022 (2022
Energy Industries (1A1) B | 22%F | 188%[l | 14.1%|- 2 593 % ———
Energy consumption (1A2, 1A4, 1A5 - excl. mobile) [l |  16.4%[0 | 16.6%|0 | 20.9%|- 1360 | S&s%|———
Transport (1A3, 1A4, 1A5) B s2.0% [l 542% [ 47.6%(- 508 | el3%| < —
Fugitive Emissions (1B) 0.2% 0.3% 0.4%|- 16 5% |~
Industrial Processes (2) 2.2%|] 2.4%| 2.6%|- 192 8%
Manure Management (3B) 0.4% 0.4% 0.8%|- 18 E'E% ee—_
Other Agriculture (3C-3J) 1 6.2%] | 6.7%L ]  12.3%|- 267] g% —
Waste (5) 0.4% 0.5%|| 1.4% 16 27 8% —
Total 100.0% 100.0% 100.0%|- 9707 6430

Source of data: EEA, 2024e.

In 2022 the trend of NG emissionsvasstill dominated by the transport sector, in particular categories
1A3biRoad transport: passenger cars and 1A8Riiiad transport: Heavy duty vehicles and buses.

Table 7.21 displays the categories where the highest absolute chamgedscreases or increases,
occurred, and list the number of countries for which the category is among the top 3.

The analysis shows that in all countries \issions from categorgA3biare decreasing, while
categorylA3bii is under the top 3 most relevant categories for an increase in emissions in Poland and
Romania. Luxembourg is the only Member State tiegorted increasing N&@emissions in public
electricity and heat productian
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emissions

Table7.21: Most relevant categories in Member States for increasing and decreasing NO

Number of Member
Sates, where the
category is among the
top 3increasing

Number of Member
Sates, where the
category is among the to

categories 3 decreasingcategories
Road transport: passenger cars 0 22
Road transport: Heavy duty vehicles and b 2 19
Public electricity and heat production 1 19

7.3.3 Analysis of relevant policies and measures at MS level

As already discussed section7.2.3, Member States are=quired to report on their policies and
measuresaccordingo the NEC DirectivéArticle 6 of theDirective sets out the obligation for Member
States to draw, adopt and implement their respectN@PCRncluding their selected policies and
measures, in order to fulfil their emission reduction commitments.

Policies and measures, contained in thA&PCPnustbe updated within 18 months of the submission
of the latest national emission inventory or national emission projections.

To assess to what extent policies and meastias had impact oMNGx emissionsare included, only
measures whiclare targeting NOx are selected. In totad67 measures oubf 809, targetNOx alone or

a combination ofother air pollutantsincluding NOx (see Figure 7.17). When NO«x among other
pollutantsis targeted, PAMg&arget mostly thetransport sectoy followed byenergy consumptiomand

energy supplylf the PAM only address&gDy, the transport sector is the most targetesctor, which
isthe major emitting sourcef this pollutant

Figure7.17: PAMs addressing N@emissions per sector

PAMs addressing NOx and other PAMs addressing only NOx per

air pollutants per sector sector
agriculture i:izz;rsi:l energy supply
industrial 7% energy p 2% 9%
processes consumption
5% 28%
transport
38% transport
83%
ENErgy
supply
22%

For a further analysis on Member State level, the relevant policies are identified by the selected
objectivesper transport and energy sectoPolicies and measures, which seem to be especially
relevant regardingtheir potential impact, are described in moretail, clearly demonstratingthe
linkage to reducing the greenhouse gas carbon digxidenarily from fuel combustion.
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Relevant PAMs addressing N@®missions from the transport sector

In transportsectoZ G KS 2062SO00AOS WRSYIFYR YIyl3aSYSyidkNBRAz
selected in 94 PAMs reported by 19 Member States. 90 PAMs (reported by 10 Member States) followed

08 GKS 202SO0GABS WIHEtGSNYIFGADBS TEESDINANDIK B B DK
addressed in 82 PAMs, selected by 19 Member St&igsie7.18).

Technical abatement solutions like selectiveatgtic reduction (e.g. by using AdBlue) and Exhaust Gas
Reciralation (EGR) are standard technolagyi@hich might be the reasowvhy countrieshardlyreport
PAMs related to the deployment gollution prevention technologieslt is the objective the least
selected.

Figure7.18: Policies and Measures reported by EU Member States for the transpectorand the
selected objectives
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Note: The number in brackets next to the countgde shows the number of transport PAMs reported; AT,
BG, CY, FI, FR, LU and NL are not included as they did not report any PAMs in this category
Source EEA, 2024d

Table7.22 analyses the reported PAMs on a more detailed level by summaasidglusteringhe

most promising actions implemented or planndtibecomes then visible that most Member States
take measures to introduce alternative fuels, promote the shift to public transportation and manage
and/or reduce the demand of fossil fuels.
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Table7.22: Summary oftransport policies reported by MS addressing NO

Summary of relevant policies and measures

country

Demand management/reduction

Improved behaviour

Alternative fuels for vehicles, vessels and aircr

(including electric)

Modal shift to public transport or neamotorised

transport

Deployment of pollution abatement

technologies on vehicles, vessels and aircraft

Other transport

Efficiency improvements of vehicles, vessels a

aircraft

Improved transport infrastructure

Switch to less carbemtensive fuels

BE

Belgiun® PAMs regarding N@missions in
the transport sector are including the
gradual ban on most polluting vehicles,
deployment of electric vehicles through
incentives, the conversion giublicbuses
to electric or hybrid vehicles and the
establishment of charging points for
electric vehicles.

HR

Croatia reported to implement research t
identify costeffective measures with a
positive impact on economic developmer
employment and research for best
available techniques and good practees
well as the integration of emission
reduction activities in areas where air
quality has been impaired.

Ccz

A National Recovery Plan is in place that
finances support for the acquisition of
alternatively powered vehicles for
municipalities and regions and
organisations established by them.

EE

Estonia submitted aeriesof PAMSs,
including activities to develop convenient
and modern public transport (e.g.
additional passenger trains, new trams
domestic ferrie}, promotion of
biomethane and increasof share of
biofuels, the promotion of the use of
electricity in passenger cars and buses a
well as the improvement of the efficiency
in the transport system.

DE

PAMsreported aimto increase the share ¢
electrical mileage until 2030 significantly.

GR

Greece PAMs concerning lémissions,
include the fleet replacement with vehicle
of low emissions and high energy
efficiengy, the improvement of public
transport and the railroad infrastructure,

the promotion of alternative fuks,
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Summary of relevant policies and measures
country

Efficiency improvements of vehicles, vessels a

Modal shift to public transport or namotorised
aircraft

transport
technologies on vehicles, vessels and aircraft

Alternative fuels for vehicles, vessels and aircr

(including electric)
Switch to less carbemtensive fuels

Demand management/reduction
Improved behaviour

Deployment of pollution abatement
Improved transport infrastructure

Other transport

electromobility and the implementation of
CQ emission ceilings for automobile
manufactures.

Information campaigns on transport
related health effects, energynd cost
saving ways of car usage and benefits of
alternative transport (e.g. electric vehicles
public transport) as well as the promotion
of the usage of low/zero emission vehicle
and the revision of environmental
classification system for motor vehicles &
HU | reported PAMsby Hungary. X X X X X

The Electric Vehicle Deployment
Programme by SEAI (Sustainable Energy
Authority of Ireland) is an initiative aimed
at promoting the adoption and deploymer
of electric vehicles (EVS) in Ireland. The
program provides financial incentives ang
support to indviduals, businesses, and
public sector organizations for the
purchase oEVsincluding cars, vans, and
bikes. Additionally, the program supports
the development of public charging
infrastructure, offering grants for the

IE |installation of EV charging points. X

Italy addresses Ngzmissions in the
transport sector by the improvement of
local public transport (e.dow emission
vehicles, modal shift, fiscaldentives,
shared mobility, smart parking and smart
working), the promotion of Intelligence
Transport Systems (ITS) for duty vehicles
and promotion of the use of electric
vehicles, the transposition of the RED ||
directivé’! and the support to local
initiatives aimed to reduce the circulation
IT |of more polluting vehicles in urban areas] x X X X

®1 Directive (EU) 2018/200http://data.europa.eu/eli/dir/2018/2001/0j
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Summary of relevant policies and measures

country

Demand management/reduction

Improved behaviour

Alternative fuels for vehicles, vessels and aircr

(including electric)

Modal shift to public transport or namotorised

transport

Deployment of pollution abatement

technologies on vehicles, vessels and aircraft

Other transport

Efficiency improvements of vehicles, vessels a

aircraft

Improved transport infrastructure

Switch to less carbemtensive fuels

LT

Lithuania plans to reduce the use of fossi
fuels by

-Promoting alternative fuels

-Promoting the purchase of clean heavy
vehicles

-Promoting the use of electric vehicles
-Creation of public transport charging
and/or recharging infrastructure
-Renewal of transport fleet through green
procurement

-Promotion of sustainable mobility
-Ecofriendly driving

-Development of green hydrogen
production

-Hectrification of railways

-Qustainable airport infrastructure
-Campaigns to inform the public
-Qustainable urban mobility

MT

Malta plans to address N@missions in
the transport sector by the increase of
Intelligent Transport systems in traffic
managementfree public transport fares
for youth, students and elderlyopulation
incentives for more efficient internal
combustion engines, infrastructure
interventions (e.g. smart parking systems
reform in public service garages,
development of a bicycle strategy), the
introduction of electric vehicles such as
busses, taxisgGovernment fleet and a car
sharing scheme.

PL

Poland reports PAMs on the developmen
of low- and zerecarbon collective
transport, roadtransport infrastructure,
electromobility, energy efficiency and
emission level of vehicles and the

promotion of biofuel use.
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Summary of relevant policies and measures
country

Efficiency improvements of vehicles, vessels a

Modal shift to public transport or namotorised
aircraft

Alternative fuels for vehicles, vessels and aircr
transport
technologies on vehicles, vessels and aircraft

(including electric)
Switch to less carbemtensive fuels

Demand management/reduction
Deployment of pollution abatement
Improved transport infrastructure

Improved behaviour

Other transport

Romani® PAMs regarding N@missions
in the transport sector are including the
development of green public transport,
electric publ¢ transport routes, the
improvement of primary and secondary
road connectivity and increasing the
attractiveness of rail passenger transport
(including the development of urban
railway systems and increasing the

RO| efficiency of the Romanian railways). X X X X
The PAM reported by Slovakia aims to
replace an average 2016 diesel vehicle (
weighted average of diesels in the fleet in
2016) with either a battery electric vehicle
(BEV) with a plui hybrid electric vehicle
SK | (PHEV) or other alternatively fuethicles X
Additional funds for railway infrastructure
additional improvement of public
transport, additional support to cycling an
walking, additional measures for promotir
electric mobility are planned to be
Sl |introduced by Slovenia. X X X X X
Spain plans to promote more efficient
modes and car fleet renovation, the
introduction of advanced biofuels, the
promotion of electric vehicles and the
provision of charging stations for

ES | alternative fuels. X X X X X

Relevant PAMs addressingOx emissions from the energy sector

Within the energy sector, energy consumption and energy supply are most relevant regarding policies

and measures addressing Némissions.

hodSNIftfts Ay o02G4K SySNHeé adzllXe |yR SySNHe& 02
YIE Yyl 3SYSy ik NBRdzO U ArergaQe ird mmewabld emér@y dcyMR tH a{ 0 I NB
important ones Figure7.19).

Similar to thetransport sector, PAMs addressing thiastallation of abatment technologiesare less

relevant. This &n be explainedbecausethe use ofEGR to reduce therm&lQ formation, as well as
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the slective catalytic reduction (SCR) anelestive noncatalytic redudbn (SNCR)are dready
standard technologies in industrial installations havimgmarkable contribugd to historical NQ
emission reduction and are now less relevant.

Figure7.19: Policies and Measures reported by EU Member States for the sector energy supply and
energy consumption and the selected objectives
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Source EEA, 2024d

Table 7.23 provides an analysis on reported PAMs in a more detailed level by summarising and
clustering the most promising actions implemented or planbgdMember State. It becomes then
visible that most Member States take measuresimgprove energy efficiency in appliances and
buildingsand manage and/or reduce the demand of fossiidfuels.It should be noted that also the
combustion of biomass results in Nénissions, althougn alower extent comparedo coal
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Table7.23: Summary of energy supply and consumption policies reported by MS addressing NO

Summary of relevant policies and measures per
country

Increase in renewable energ

Switch to less carboeimtensive fuels

Efficiency improvement in the energ

and transformation secto

Reduction of lossey

Enhanced nomenewable low carbon

generation

Demand management/reductiof

Efficiency improvements of building

Efficiency improvement of appliance

Efficiency improvement ir]
services/tertiary sector

Installation of abatement technologie

BE

Belgiun® PAMs of the energy sector aim ti
support renewable electricity production,
improving energy efficiency, strengthening
emission limits for combustion plants, tax
regime for buildings to provide price signal
consistent with the pollutepays principle

andrenovation strategy for public, private,
residential, and nosresidential buildings.

x

x

x

HR

Croatia reported to implement research to
identify costeffective measures with a

positive impact on economic development|
employment and research for best availab
techniques and good practice as well as tf
integration of emission reduction measure|
for pollutants within planning documents
and projects for energy renewal of building

CY

Research should help identify cesffective
measures, measures that have a positive
impact on economic development,
employment, research that help transfer
knowledge about best available technique]
and good practice.

Ccz

Czechi® PAMs mainly aim on the efficient
use of natural gas networks with emphasis
on decarbonised fuels, limiting power and
heat losses during transmission and
distribution, reducing the share of solid
fossil fuels in primary energy sources,
increasing energy effiency on the
consumption sidepriority use of waste heaf
and the expansion of the use of non

combustion RnewableEnergy Sources
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EE

Estonia reported a set ofARs addressing
NO« reduction in the energy sector,
including energy effiency in buildings (e.g.
residential investment fund, reconstruction
of buildings, Kindergarten renovation),
renovation of district heating boilers and
fuel change, energy and resource efficienc
in industries, renewable energy support
(wind parks, solar eargy) and renovation of
depreciated and inefficient heat pipelines

DE

Germany's PAMs mainfgcus onthe phase
out of coalfired power generation and the
switch to less carbon intensive fuels.

GR

Greece reported to implement the
improvement of energy efficiency, an
increase of natural gas usage in the indusi
and the domestic tertiary sector as well as
an increasef RE$n the electricity
production industry.

HU

Hungary's reported PAM aims to help
improve and upgrade the energy efficiency,
of buildings by replacing doors and
windows, using thermal insulation, using
renewable energy sources through subsidi
and regulatory incentives and to start an
ESCO (Energy 8ees Company) program
for private customers with limited
investment opportunities.

Ireland's PAM$or NOxemissions deal with
the efficiency improvements of appliances
(heat pumps, better energy homes, smart
meter roll out), the increase of renewable
energy (e.g. solar power) and carbon taxe|

Italy addresses N¢&missions in the energy
sector by the promotion of energy efficienc
in buildings and heating/cooling systems,
the promotion ofbehaviouralkchanges
(education, smart meters), energy efficienc
in new buildings, fiscal incentives for
renovation, promotions of renewable
energy (biomass) and the phase out of
electricity production by burning coal.

LV

Latvia's reported RMs include new
emission limit values set for small and
medium combustion plants and a financial
support programme, which includes a fisca
policy (e.g. real estate tax credits) for
households to promote the connection to
central heating systems and the extin

of distrid heating networks.
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LT

Lithuaniareported PAMs to reduce N©
emissions from the energy sector include
RES and the deployment of alternative fue
emission limits for small combustion plants
renovation and modernization of buildings,
replacement of heating systems and boiler
with more efficient technologies and
reduction of tax benefits for solid fossil
fuels.

MT

Malta plans to address N@missions in the
energy sector by electricitiariffs, biofuels
substitution obligations, financial support
for solar PVs and solar water heater
schemes

PL

Poland plans to implement priority
programmes in energy and district heating
an update of requirements for solid fuel
boilers, support renewable energy (e.g.
offshorewind) and nuclear power
generation and the improvement of the
building energy efficiency system.

PT

Portugal's PMs include the promotion of
the network development for alternative
fuel stations and an increasing energy
efficiency.

RO

Romania is reportingAMs mainlyfocusing
on thepromotion of renewable energy
sources (solar panels, heat pumps), the
establishment of cetralized thermal energy|
supply systems, the expansion of the gas
transmissiorand distribution network, the
improvement and information campaigns t
increase energy efficiency.

SK

Slovakia's reportedMs in the energy
sector are dealing with the connection of
households to district heating systems,
thermal insulations of residential buildings
and the transition of sadl fuel heating
systems to other low emission systems.

Sl

To reduce Néemissions, Slovenia plans tg
implement additional funds available for
industry, improvements in the building
sector (e.gbanningof fuel oil in new
buildings, setup of sustainability criteria for
buildings, allocation of additional funds for
renovation of buildhgs, etc.), increased
production of electricity and heat from
renewablesourcesandthe replacemenif
old wood boilers.
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ES | Spain addresses N@missions in the energy x | X | X X X | X [x |X
sector by the promotion of renewable and
alternative gases, Technology renewal plaj
for existing renewable power generation
projects, promotion of energy efficiency in
the building sector, incentives programme;
for installations irbuildings or heating
networks, the development of green
hydrogen and demand and flexibility
management.

7.3.4 Reflections on the methodologies used to calculate nissions

The annual report of NOemissions by Member Stateis calculated following the EMEP/EEA
Guidebook2023 (EMEP/EEA, 2023which specifies application of methodologies, activity data and
emission factors. Usually there are three tiers (methodologies) provided. An explanation of the
different tier methods is already provided in sectionl.4

Table7.24shows the key categories identified in the EU Informative Inventory Report(BEEX, 2024

for NOx stating the share of tiers used. These key categories account for 81% of the ovetall NO
emissions in the EU in 20221%100% of these emissions are calculated with higher tier methods,
meaning that country specific circumstances are considered, which leads to more reliable and accurate
results. Only one categoy3Dal Inorganic fertilizeiswhich contribute 7% to theotal NOcemissions

in the EU,is calculatednainly with a tier 1 methodology.

Table7.24: Share of higher tiers for N&emissions for the EU key categories in 2022

Share of higher| Share in EUINOx
Tier used total (2022)
Category Name
1A3bi Road transport: Passenger cars 100% 18%
1Ala Public electricity and heat production 100% 11%
1A3biii Road transport: Heavy duty vehicles and buses 100% 11%
1A3bii Road transport: Light duty vehicles 100% 7%
3Dal Inorganic Nertilizers (includes also urea application) 4% 7%
1A4bi Residential: Stationary 99% 6%
1A3dii National navigation (shipping) 81% 5%
1AA4cii Agriculture/Forestry/Fishing: @fiad vehicles and other
machinery 95% 4%
3Da2a Animal manure applied to soils 100% 1%
1A2f Stationary combustion in manufacturing industries and
construction: Noametallic minerals 85% 3%
1A2gviii Stationary combustion in manufacturing industries and
construction: Other 94% 3%
1A4ai Commercial/lnstitutional: Stationary 94% 2%
3Da3 Urine and dung deposited by grazing animals 73% 2%
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7.3.5 Outlookon future NOcemission trends

As indicated in sectiof@.2.5, under the NECDirective, EU Member States are required to report
projected air emission data biennially for the years 2020, 2025, 203@ artre available; also for
the years 2040 and 2050, beginning in 2017.

Based on the MS projections, the totdOx emissions in the EU are projected to decreasealnyost

30.9% between 2020 and 2030, under the consideration of policies and measures already
implemented (with existing measures = WEM scenario). As many countries did not provide projections
considering additional measures (with additional measures = WAM scerami@ssessment cannot

be provided at this level’he data used for this assessment is based on the Member States submissions
in 2023.

From a Member States perspective (Sesble7.25 and Figure7.20) no major changes are expected
regarding the contribution of the Member States to EU total emissi@dy two Member States
(Malta® and Romaniaforesee an increase in NOemissions.Romaniaexpecst increases inNOx
emissions until the year 2030, mainly in tlnansportsector(Road transport: Passenger carkA3bi,
Light duty vehicles1A3bii,Heavy duty vehicles and busekA3biii)

The highest absolute reductions are projected®grmany mainly influenced by reductions &fO
emissions irthe electricity and heat production and the transport sectathuania projects the highest
relative reductions44%).

Figure7.20: Projected NQ emissions from Member States presenting the WEM scenario for the
years 2020, 2025 and 2030
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2 For this assessment, the projections submitted by Malta under the LRTAP convention in 2023
have been considered, which were the latest at the time of writing the report. In 2026, Malta
submitted updated projections which indicate that Malta will reduce itsNOx emissions by 2030.
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Source oflata: EEA2024.

Table7.25: Share andrend of MSs projected N@emissions (WEM scenario)

Absolute Relative

Share in Share in Change 2020-{Change 2020

2020 2030 2030 2030
AT | 2.3%] 2.1%]- 45.65] [ -26u%
BE | 2 6% 2.9%|- 32.26 | -22.7%
BG | 1.6%]| 1.8%|- 15.52 | -18.19
cY 0.2% 0.2%- 4.32 ]
cZ | 2. 7% 2 4%)|- 58.13ﬂ| %
DE ]  178w[f] 15.8w|- 381.08] [ -38m%|
DK | 1.7%)| 1.5%|- 35.88] [ 388
ES 1 10.3%| | 10.2%(-  183.06) [ -32.4%
EE 0.4% 0.5%)- 3.54 ~15.28%|
FI | 1.9%) 1.8%|- 38.17]| [ -3628)|
FR I 13.1%[]  12.5%|-  245.08] 3
GR I 4.1%| 4.0%|- 72.64| \ﬁ
HR | 0.8%| 1.0%|- 5.24 -1 1.7%)|
HU | 2.0%)| 2.5%|- 11.37| -10[68)
IE | 1.7%] 1.7%|- 28.19 | -29
T 1 10.6%][] 10.29%|- 19?.?@}[ ]
LT [ 1.0%)| 0.8%|- 2349 -4aam
LU 0.3% 0.2%]- 6.39 [ -A3H8)|
LV | 0.6%| 0.7%|- 5.36 -15.9%
MT 0.1% 0.1% 0.04 0.9%4
NL I 3.8%]| 3.9%- 64.89] -30.7%
PL ] 10.7%| | 11.5%)|- 154.?4# zaz
PT | 2.4%|| 2.2%|- 50.50| 3
RO I 3.7%] 5.6% 5.13 25
SK | 1.0%| 1.39%|- 5.16 -9 18
Sl 0.5% 0.6%- 413 -16.29)
SE | 2.1%|| 2.10%|- 36.04 | -31.3%
EU-27 [ 100.0%[0 100.0%] 170334 -30.9%

Source of dataEEA2024y.

7.3.6 Relevant policies on EU level and Policy Recommendations

Similar to NMVOC emissions (s=etion7.2.6), the reduction of N@emissions has been addressed
in several policies on both the Edd globalevekto lower the formation on ground level ozone.

The Sofia Protocdf, concerning the control of emissions of Nitrogen Oxides or their transboundary
fluxes was adopted in 1988. Parties are requested to introduce pollution control measures for major
existing stationary sources and to apply national emissions standards tor majyv stationary and

©63 Sofia Protocolhttps://unece.org/sites/default/files/202110/1988.NOX _.e.pdf
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mobile sources, based on best available technologies that are economically feasible, where 1987 is the
general reference year.

Asoutlinedin section7.2.6, he Gothenburg Protocolvas adopted in 1999 and amended in 2019, with
the main objective to control emissions of sulphur dioxide, nitrogen oxides, ammonigs e
particles) and NMVOCs, which are caused by anthropogenic activities. This includes national reduction
commitments to be achieved by 2020 and beyond for the aboeationed pollutants.

The NECDirectiveé® sets emission reduction commitments into force for five important pollutants
includingNCx emissions- for each Member State. The reduction commitments are aligned with the
ones defined in the Gothenburg Protocol.

Therevised Industrial and Livestock Rearing Emissions Directive (IEE 2if)s to prevent industrial
pollution from harming health and environment and applies to industrial plants as well as to intensive
pig and poultry farms. The directive promotes and facilitates investments into innovative and
transformative techniques (e.@est Available Technigge

TheMCP Directivelimitation of emissions of certain pollutants into the air from medium combustion
plantsf®lays down rules to control air emissions oM and dust from medium combustion plants
and defines emission limit values.

To reduce air emissions from road transportati@uropean emission standarffswere introduced,
setting the maximum pollutant emission limits for road vehities

The reduction ofNOx is addressed through a variety of sector specific but also general plans and
policies. Much progress has been achieved in previous years in the road transport asdttre
energy sectorFurther reductions in NgQemissions can be accomplished dyurther shift from the
combustion of fossil fuelor energy productionto renewable energyources,while noting that
biomasscombustion alsogeneratesNO, emissions and by redudng fossil fuelbased motorised
transport(Table7.26).

Table7.26: Potential solutions to substantial reduction dfiOx emissions

Source ofNO« Emissions | End of Pipe Solution Transformative Solution

Electricity and heal Use of altement technologies, Shift from the combustion of fossil fuels ti
production/Industrial such asSelective non catalyti¢ reneweble energy sources

installations reduction/Selective catalytiq

reduction SNCR/SQR Exhaust
GasRecirculation (EGR)

Road Transport Use of abatement technologieg Limit  fossil fuel-based transport;
such asCR and EGR promotion of electric vehicles;reduce
need for indivdual motorized transport,
expansion of public transport

49 Directive (EU) 2016/2284ttp://data.europa.eu/eli/dir/2016/2284/0j

©9 Directive 2010/75/E Unttp://data.europa.eu/eli/dir/2010/75/202408-04

©9 Directive (EU) 2015/219%tp://data.europa.eu/eli/dir/2015/2193/0j

©7 Directive98/69/EC https://eur-lex.europa.eu/eli/dir/1998/69/oj/eng Directive 2005/55/ECrttps://eur-
lex.europa.eu/legatontent/EN/TXT/?uri=celex%3A32005L 00Bfective 2005/78/ECttps://eur -
lex.europa.eu/legatontent/EN/TXT/?uri=celex%3A32005L 0078

©9 hitps://www.eea.europa.eu/en/analysis/mapand-charts/comparisorof-nox-emission
standards?activeTab=570bee281648cfadde4b640f92119b
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7.4 Comparison of reported inventory data with national emissions available in EDGAR

According to thdJNFCC(Parties are required to report on their national GHG emissions, and under
the UNECE Convention on Leagge Transboundary Air Pollution, specifically the Gothenburg
Protocol, Parties are required to report on their air pollutants. The EU as a Party to hmxth
transposed these commitments in EU legislation, the EU Energy Governance Regulation for GHGs and
the NEC Directive for air pollutants. Hence, national inventories from all EU Member States are
reported annually to the Europsn Commission via EIONET data flows. The data are collected and
quality checked by the EEA and its ETCs, and publicly acceBsitilegere are also other data sources

for GHGs and air pollutant emission estimates, one of them is the EDGAR détdBasissions
Database for Global Atmospheric Research) developed by the Joint Research (0lR@Y) of the
European CommissioBEDGAR provides independent emission estimates compared to what reported
by European Member States or by Parties under tiMFOCCusing international statistics and a
consistent IPCC methodology. EDGAR provides both emissions as national totals rsuaghgjiat 0. 1

x 0.2° resolution at global level, with yearly, monthly and up to hourly data.

The national inventories are primarily used to monitor progress in achieving emission reduction
targets, while EDGAR is often used by the international research community, as it has-aiderld
coverage, applying a consistent approach across all countie®rs emissions from 1970 onwards

and provides a spatial distribution of emissions. Such data bases are needed for integrated assessment
modelling to develop future emission scenarios under the consideration of different policy options.
Historical emigsns are used to calibrate the models.

In Figure7.21to Figure7.26, the differences in total national GHNG and NMVOC emissions for the
year 2022 and the relative change between 1990 and 2022 is displayed.

The mairdiscrepancies, which are sometimes considerable, are mainly linked to three sectors, namely
fugitive emissions, agriculture, and waste. Several factors contribute to these differéBanm

2025, Banja, 2025BndLamb, 202} including:

- Timingg The comparison depenas the versions of EDGAR and national inventories used,
as updates in activity data occur at different points in time.

- Methodologiesg EDGAR primarily applies Tier 1 methods, with some Tier 2 elements, while
national inventories may use more advanced tiers (Tier 2/Tier 3)

- Quality of reporting; In some cases, sectoral fuel allocations (the activity data) in UNFCCC
submissions differ from those found in the EDGAR main data sources.

- Emission factorg Many EU countries, especially those with more detailed inventories, use
country-specific emission factors as part of higher tiers methodologies.

- Underlying mcertaintiesg¢ When comparing EDGAR emission estimates and national GHG
inventories, itmustbe considered thatincertainty in EDGAR emission estimates are higher
for CH and NO than forCQ. Generally, C£emission estimateare based on more reliable
data sourceshan CH and NO.

®9 https://edgar.jrc.ec.europa.eu/
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Figure 7.21: Total NMVOC emissions for the year 2022 with data from EDGAR and National

Inventories

Figure7.22: Relative change in total NMVOC emissions between 1990 and 2022 with data from
EDGAR and National Inventories
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In 2017, a disaggregation of the NMVOC emission data contained in the EDGAR database was carried
out, providing nowspatialized emissions for NMVOCs species and species dsugbsas Alkanols,
ethane, propane, butanes, pentanes, ¢tas included in Annex VIl of the revisBAQDby applying

region and sourcespecificNMVOC speciatioprofiles. This improvement is essential for assessing the
effectiveness of potential air pollution control strategies and policies, because then the chemical
transformation of different NMVOC species can be simulatkdi(ig etal, 2017). The main source for
NMVOC emissions is the production and use of solvents reported in the sector industry. Tier 1
calculations are based on per capita emission factors, while higher tier method consider production,
import/exports and consumption leading to more accurate results. The observed differences are
mainly attributed to NMVOC emissions from the industry sector.

Figure7.23: Total CHemissions for the year 2022 with data from EDGAR and National Inventories
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Figure7.24: Relative change in total CHmissions between 1990 and 2022 with data from EDGAR
and National Inventories
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Regardingdifferences in methane emissions, ritust be noted that emissions from wetlands are
considered in national inventories only if it is considered managed land. The same applies to emissions

from fire associated with anthropogenactivities (Lamket al., 2025). Allemissions associated with
unmanaged land are not accounted for in the national inventories.
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Figure7.25: Total NQ emissions for the year 2022 with data from EDGAR and National Inventories
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Figure7.26: Relative change in total N@missions between 1990 and 2022 with data from EDGAR
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Regardinghe differences in total NCemissionsthe overall correlation between data from national
inventories and BGARs goodfor most MS In 2022, differences of more than 50% are noted for
Qyprus, Finland and Swedewhere emissions from EDGARre higher.

Concluding, the purpose of use is decisive for the data source to be used. National inventories are
compiled by the countries themselves following a bottom approach according to the IPCC
Guidelines. In the EU, these emission estimates are largely loaskidher tier methods, making use

of country specific activity data and technology specific emission factors. The emissions included in the
EDGAR database cover all countries worldwide, make use of mostly tier 1 methods using international
datasets as aotity data and default emission factor$he coverage of gases, sectors and country
territories differs to a certain extent. The unique feature of EDGAR is the high spatial resolution
downscaling countrgpecific and sectespecific emissions, essential for designing regional or local
mitigation policies (Crippa et al, 2024b).

7.5 Section highlights

Groundlevel ozone formation depends on the availability of precursor géaseshane (ChH), non
methane volatile organic compounds (NMVOCSs), and nitrogen oxidesx\Ni® the presence of
sunlight. However, interpreting emission trends in terms of ozone formation is compimne
chemistry is nonrlinear, VOCs vary widely in their reactivity and atmospheric lifetime, tdagenic
VOC sources (which are not reported in inventories) play a significant.rblember States report
CH emissions under the Energyo@rnance Regulation and NMVOCs and, Nader the NEC
Directive.Discussions are ongoing to include OH the next revision of the Gothenburg Protocol
recognizing its dual relevance as both a greenhouse gas and an ozone precursor.

Among the three precursors, methane stands out for its potent climate impact, vgitbbeal warming
potential 28 times higher than COWith anatmosphericlifetime of about 12 yearsieducing CH
emissions delivers rapid benefits for both climate and air qualiBU27 Cliemissions decreased by

39% between 1990 and 202d8riven mainly by Germany, Poland, and Romania. The largest reductions
occurred in thewaste sector {44%)due to the EU Landfill Directive limiting biodegradable waste
disposal, and irfugitive emissions from fossil fueléinked to coal phaseut and improved gas
infrastructure. Emissions from wastewater treatment also declined as aerobic treatment replaces
anaerobic system&nteric fermentation remains the largest source (44% of EU tqgtalith emissions

down 24% due to reduced livestock numbers and improved feeding practices. However, emissions
from biological waste treatment have grown eightfold since 1990 as composting and anaerobic
digestion expand, and manure management emissiongianeg in several countrie§our Member
States (Cyprus, Spain, Ireland, Malta) reported overall increaseainly from waste disposal and
livestock. Member States repom27 Chtrelated measuredargeting mainly agriculture and waste,
including improved feeding practices and additives, biogas production from manure, extended
grazing, and promotion of organic farmingn the waste sector, efforts focus on separate biowaste
collection, reduced landfilling of biodegradable waste, landfill gas recovery, and circular economy
initiatives. At EU level, several policy frameworks address methhae2020 EU Methane Strategy

the Farm to Fork Strategyand the REPower EU Plaencouraging biomethaneThe Mehane
Regulation (2024/1787nhow requires fossil energy operators to measure and minimize emissions,
though the expansion of biogas must be accompanied by stringent measures to prevent leakages.
Internationally,the Global Methane Pledge commits signatories to a collective 30% reduction by
2030 Looking ahead, Gldmissions are projected tecrease by 21% between 2022 and 2Q5@ler
existing measures, witlagriculture remaining the dominant sourcand Greece being the only
Member State projecting a slightdrease.

Turning to NMVOCs, these diverse carmontaining chemicals contribute to tropospheric ozone
formation, withsome compounds (benzene, butadiene) also posing direct health riek&27 NMVOC
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emissiongecreased by 62% between 1990 and 202&th all Member States reporting reductions.
Germany, France, and Italy achieved the largest decreasthsthe most significant progress in road
transport (-90%)due to Euro emission standards, catalytic converters, and improved fuel quality.
While road transport was the main source in 198@lay residential heating (mainly wood burning),
solvent use,coating applicationsand manure management dominate, accounting f66% of EU
emissions in 2022Despite overall progress, emissions from domestic solveninaieling fungicides

rose by10%since 1990, while emissions from industrial coating applications declined by 64% thanks
to the VOC Solvents Directive and the Industrial Emissions Directive. Member States4@hort
NMVOCrelated measuresunder the NEC Directive, with key strategiggluding increasing
renewable energy, improving building efficiency, switching to less caritensive fuels, and
installing abatement technologies (Best AvailablTechniques BAT) At EU level, the NEC Directive
sets binding national emission ceilings, the Gothenburg Protocol establishes international
commitments, the revised Industrial and Livestock Rearing Emissions Directive promotes cleaner
techniques, and the Paints Directilmnits VOC content in consumer products. NMVOC emissions are
projected todecrease by 11% between 2020 and 20@0der existing measures, thoudteland,
Luxembourg, and Malta project slight increassm solvent use and food industry éssions.

The third key precursonitrogen oxides(NQ,), includesNO and N®and originatesnainly from fiel
combustion. EU NQemissions decreased by 64% between 1990 and 20%th all Member States
reporting reductions and Germany, France, Italy, and Spain contributing most to total redudtiens.
transport sector remains the main sourg¢though its share decreased from 52% (1990) to 47% (2022)
due to Euro emission standards, catalytic converters, and fleet renewal. Significant reductions also
occurred in publicelectricity and heat production through fuel switching (coal to gas), improved
technologies, and abatement equipment. Member States reg6it NQ-related measuresprimarily
targeting transport and energy, with key strategies includiegnand management, promotion of
alternative fuels and electric vehicles, modal shift to public transport, and infrastructure
improvements. Technical abatement technologies (selective catalytic reduction, exhaust gas
recirculation) are already standard in industrial instadias. At EU levethe Sofia Protocol (198&nd
Gothenburg Protocokstablished international commitments, whitee NEC Directivesets binding
national ceilingsthe revised Industrial Emissions Directiygomotes BATthe Medium Combustion
Plants Directivesets emission limits, andEuropean emission standardsegulate road vehicle
emissions. NQemissions are projected tdecrease by 31% between 2020 and 20@der existing
measures, with onlivlalta and Romania foreseeing slight increases, mainly from transport.

Beyond national inventories, it is worth noting that tBBGAR databag®ovides an alternative global
emission dataset using Tier 1 methods and international statistics. Discrepancies between national
inventories and EDGAR are particularly notabldugitive emissions, agriculture, and waste sectors
arising from differences in timing, methodologies, emission factors, and inherent uncertainties. The
unique value of EDGAR database lies ingithal coverage, consistent methodology, and high
resolution smatial distribution essential for regional modellingihile national inventories remain the
reference for monitoring progress toward emission reduction targets.

In conclusionsignificant progress has been achieved in reducing ozone precursor emissions across
Europe over the past three decadgesriven by EU regulations, technological improvements, and
sectoral policies. However, challenges remain for all three precur€tisemissions from biological
waste treatment are rising eightfoldand four Member States report overall increas@dylvVOC
emissions from domestic solvent use continue to grevhile Ireland, Luxembourg, and Malta project
further increases from soént use and the food industry; and fdlQ,, Malta and Romania foresee
rising emissions from transportwhile biomass combustion (often promoted as a renewable energy
source) also generates significant N&nissions.The greatest mitigation potential lies structural
changescleaner energy and heating, electrified transport, reduced meat consumption, less waste,
and comprehensive application of Best Available Technigu€ontinued monitoring of both

ETC HE Report 2022/ 135



atmospheric concentrations and emission trends remains essentiabugh interpretation in terms
of ozone formation requires consideration of the complex, #iopar chemistry involved.

8 Literaturereview of the maturity of CHinverse moddling

The analysisf precursor emissions, particularly methane, reveal significant challenges in accurately
quantifying emission sources and their spatial and temporal variabilityile emission inventories
provide essential baseline information, discrepancies exist between national inventories and global
datasets such as EDGAR (see Section 7.4), and even greater gaps emerge when comparing with
atmospheric observationd hatreinforcesthe need for more robust verification methodso address
these uncertaintieand improe emission estimates, inverse modeling approaches have emerged as
powerfultools for reconciling bottoraup inventorieswith atmospheric measurements. The following
bibliographic revievexamines maturity and applications of methane inverse nilaagmethodologies
acrossdifferent spatial scalesThese techniques enable more precise emission #stimates by
integrating atmospheric observations with CTilereby bridging the gap between inventdmgased

and measuremenbased approaches.

Methane inversemodellinghas reached varying levels of maturity depending on spatial scale and
monitoring approach. This section offers a comprehensive overview of current detection capabilities,
recent technological progress, and persisting knowledge gaps in methane monitpphcpéions.

Table8.1: Maturity overview of methane inverse modelling by spatial scale

Scale Range Maturity Applications
level
Global/regional >100 km High National inventories, Pari
Agreement
Urban/basin 10-100 km Medium-High | Production regions, metropolital
areas
Facility (large) <10 km, >500 kg/h| Medium-High | Superemitters, major facilities
Facility (medium) <10 km, 56600 | Medium Componentlevel, biogas plants
kag/h
Facility <10 km, <50 kg/h | Low Agriculture, small leaks
(small/diffuse) Emerging

The field is experiencing rapid advancement driven by three concurrent developments: new high
resolution satellite missions (such as TROPOMI and MethaneSAT) launched or planned2027024
integration of machine learning techniques for automated; @ldme detection; and improved low
cost sensor technologies enabling dense network deployments. These advances égraifiteaist
improvements in methane monitoring capabilities over the next five years, with fasddle
applications representing the primary area of ongoing development.

8.1 Monitoring capabilities

Methane monitoring capabilitiesare presentedn the following as theyplay a crucial role innverse
modelling approachefr accurateemission fluyestimations

8.1.1 Satellite systems

Building on the remote sensing capabilities described for VOCs in Se&imatellite monitoring of
methane relies on similar instruments and methodologies. TROPOMI, which provides formaldehyde
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retrievals for VOC proxy monitoring, also delivers daily global methane mapping, while upcoming
missions such as Sentireill enhance observations of both trace gases.

TROPOMI delivers continuous daily global mapping at 5.5x7 km2 resolution with a 3% success rate over
land, while GOSAT offers highality data suited for longerm trend analysis (Lorente et al., 2021).
Operating aboard Sentinél, the TROPOMI instrumergmains the only satellite providing daily global
methane concentration maps, measuring @idshortwave infrared bands with high precision. These
systems have demonstrated substantial detection capabilities. In 2021, TROPOMI identified emissions
from 94 rersistent emission clusters and hundreds of transient sources, with 35% attributed to urban
areas and landfills, 24% to gas infrastructure, 21% to oil infrastructure, and 20% to coal mines (Schuit
et al., 2023). Daily satellite observations reveal methanlkancements over production regions that
correlate strongly with irsitu measurements and production patterns (Schneising et al., 2020). Current
point source imagers including the GHGSat constellation and hyperspectral sensors have detection
thresholds irthe 10610000 kg/h range, enabling monitoring of large point sources (Jacob et al., 2022).

Satellite monitoring capabilities are rapidly expanding with new missions. MethaneSAT, launched in

2024, employs an imaging spectrometer covering L&EB>Y ¢ @St Sy Im K A00ms A G K wmJ
resolution over a 260 km swath, enabling global mapping evetydays. Its detection limit of 5

kg/h/kmz allows for basirscale emission quantification at3tkm grid resolution (IEA, 2024). Future

area flux mappers, including GOSBW, Sentineb, GeoCarb, and CO2M, will further enhance
capabilities for highresolution emission quantification (Jacob et al., 2022). In addition;feighiution

satellites including GHGSat (285 m2), PRISMA and Senti2land Landsat can identify exact sources
respansible for TROPOMetected plumes (Varon et al., 2021; Guanter et al., 2021), enabling precise

source localization for followp investigations.

Nevertheless, notable limitations persist across satellite platforms. Measurements face challenges in
offshore areas, mountain ranges, snowy regions, and high latitudes. Cloud cover impairs observations
even with partial coverage, proving particularly piematic in equatorial regions such as Nigeria and
Venezuela (IEA, 2024). Additionally, variable bias issues affect global TROPOMI inversions (Shen et al.,
2021), requiring ongoing calibration and validation efforts.

8.1.2 Groundbased networks

Groundbased monitoring facties provide essential observational constraints through spatially
distributed timeseries measurements, enabling both forward and inverse niiogelat global,
continental, and regional scales. Statfthe-art inversions that combine igitu observations from
multiple monitoring stations with Lagrangian particle dispersion models have successfully estimated
NBIA2Yy It /1) SYA 2aHoReyal cubrent Golouribased inflagructure faces
limitations in terms 6 station density and spatial coverage. For instance, only Germany currently
reports Ckl measurements to the EEAreporting database. These constraints, like those identified
for VOC monitoring (see Section 5), limit the ability to resolve emissions -siasigmal scales.

Coalocation of Chlwith other gas species offers a pathway to improved source attribution. Monitoring
NMVOCs alongside methane helps distinguish petroleum and gas sources, though emission ratios vary
considerably and remain poorly characterised (Peischl et al., 2015, 284 @)etailed in Section 5,
systematic irsitu VOC monitoring has evolved over several decades through programmes such as
EMEP and WMO GAW. The revised AAQD has expanded the list of target compounds to 46 VOC species
and for the first timereferences Cllas an ozone precursor requiring monitorinthatreflects the

growing recognition of the connection between greenhouse gas and air quality monitoring. Among the
VOCs measured, toluene, nxglene, tbutene, nbutane, and-pentane collectively contribute over

50% to the Maximum Ozone Formation Poten{&hlameh et al., 2024highlighting the importance

of targeting specific higheactivity compounds. However, challenges remain: no single analytical
method can detect all species, effectir@nitoring requires specialised equipment, and the number

of reporting stations has declined over the past decade for several compound groups. Despite these
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limitations, the celocation of Ciand NMVOC measurements at EMEP and research stations offers
significant advantages for both climate policy and ozone mitigation strategies.

Toaddress the spatial coverage gapmv-cost metal oxide (MOXx) sensors, includdwyicessuch as

Figaro TGS2600, TGS2611, and MQ4, enablesiiade spatiotemporal measurements within existing
methane monitoring infrastructure. These sensors demonstrate maturity for leak detection
applications but remain limited for quantitative inversiofi$ieir performance varies across seasons
and requires calibration to account for temperature, humidity, and CO essitivities (Eugster et

al., 2.2 Linet al.,2023). Performance characteristics vary significantly withoBhkcentration levels.

The TGS2611 and MQ4 sensors show sufficient accuracy for detecting major leaks in urban areas with
enhancements above 1 ppm, sometimes exceeding 10 ppm (Furuta et al., 2022). Moderate accuracy
has been achieved in theId ppm Chrange (RMSE <0.6 ppm), though sensor response varies over
time, potentially due to crossensitivities with norargeted gases (Furuta et al., 2024). Mobile
monitoring using lowcost sensor arrays combined with random forest models achieved high
correlaton with reference instruments and detected 80% of methane spikes above 2.5 ppm
(Silberstein et al., 2@4). However, inportant limitations constraint sensor applicability.
Concentrations in the background to 2.5 ppm range represent poor applications $aettinology,

with sensors performing better under higlariability conditions. These devices require calibration
across a wide range of temperature and humidity conditions to accurately determine absolute
methane concentrations (Colli€xandale et al.,@.8). Additional challenges include cressnsitivity

to other gases, particularly CQirjet al., 2023), and sensor drift over time necessitating frequent
recalibration. Despite these limitations, deploying large networks of gréaawtd methane sensors
offers promising opportunities including urban leak detection and monitoring.

8.1.3 Mobile and airborne platforms

Mobile and airborne measurement platforms have reached high maturity for source detection and
medium maturity for emission quantification. Mobile greenhouse gas surveys employing Gaussian
plume modelling based on repeat passes through emission plumes successfully estimate total
emissions from facilities such as biogas plants (Bakkaloglu et al., 2021). Similarly,-lzhseft
measurements provide critical validation and characterization of fasitifeemissions across diverse
infrastructure types (Alvaz et al., 2018). These mobile approaches offer several distinct advantages
for methane monitoring. They enable rapid assessment of multiple facilities within a single campaign,
allowing efficient regionascale characterization. The platfornage highly effective atetecting
intermittent emissions that static monitoring systems might miss (Varon et al., 2021). Furthermore,
the mass balance technique employed by aircraft campaigns enables comprehensive quantification of
facility-level emissions, capturirgpth stack and fugitive sources simultaneously (Lavoie et al., 2017).

8.2 Inverse modding methodologies

Methane inverse mod#ing has evolved into a sophisticated field employing diverse methodological
approaches, each offering distinct advantages and limitations for estimating emissions fluxes across
various spatial and temporal scales.

First, hgh-resolution threedimensional variational inversaodellingusing CTMenables optimization

of both emissions and isotopic signatures, although computational demands remain substantial and
posterior uncertainties are difficult to quantify. While Monte Carlo ensembles are needed to derive
robust posterior statistics, the higbomputational cost of single inversions currently prohibits this
comprehensive uncertainty quantification. Variational systems require high computational costs and
lack posteior uncertainties, which remain expensive to compute formally. Moreover, spatial errors in
prior emissions combined with CTM errors can significantly impact inversion performance, as single
inversion frameworks cannot simultaneously correct overall b spatial distribution when both

error types occur (Yu et al., 2021).
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Then, aalytical inversions offer an alternative approach by optimizing methane emissions to fit
observations within a Bayesian framework, providing clefeeth expressions of information content

and straightforward generation of inversion ensembl€u @t al., 2024). These methods present
several advantages over variational approaches, including significantly lower computational costs that
enable yeadtto-year tracking of emissions rather than optimizing mean values over entire periods.
Their computationl efficiency makes them particularly suitable for regional to global scale
applications.

Adjoint model, such as the GEGBem adjoint model, enables foedimensional variational (4War)
analysis to test how effectively heterogeneous.Gldxes can be resolved using higésolution
satellite data (Yu et al., 2021). This approach supports alternative formalisms beyond traditional scale
factor optimization and can overcome limitations associated with missing sources. The method
successfullyesolves monthly emissions at 25 km spatial resolution, providing detailed temporal and
spatial characteration. A 4BVar analysis of TROPOMI data can improve monthly emission estimates
at 25 km resolution even with spatially biased priors or CTM errors, achieviag%2omairwide

bias reduction (Yu et al., 2021).

Finally, nachine learning techniques are increasingly integrated into inversion frameworks to enhance
data processing and interpretation. Tvetep machine learning methods employing convolutional
neural networks and support vector classifiers successfully distinguéshane plumes from retrieval
artifacts in satellite data (Schuit et al., 2023). These approaches support diverse applications across the
methane monitoring workflow. Additional applications include feature engineering for source
classificationand emission rate quantification (Maasakkers et al., 2022). More broadlyaskld
models are emerging as valuable tools that address limitations of conventional techniques across
different stages of methane researchlghammadimanestet al., 2025), demonstrating the growing
maturity and flexibility of machine learning in atmospheric invargmlelling

8.3 Performance assessment by scale and sector

Methane inverse modellingapabilitiesvary significantly across spatial scales, with performance and
maturity level ranging from welkstablished global applications to emerging facitgle monitoring
and remaining challenges for small and diffuse sources

At global and regional scales (>100 kmgthane monitoring has achieved operational maturity.
Current satellite systems (GOSAT since 2009, TROPOMI simjep@ddide robust observational
foundations for quantifying national emissions in support of the Paris Agreement (Jacob et al., 2022).
CTM optimize emissions across multiple source categories, while analytical inversions enatile year
year emission tracko rather than simple temporal averagin@Quy et al., 2024). Ensemble regional
inversions successfyl quantify nationaiscale emissions over decadal timescales (Ishizawa et al.,
2024), providing the scientific foundation for international climate policy and emission reporting.

Moving to finer spatial resolution, urban and basin scalesi®km) present greater challenges but
show promising resultsTROPOMI satellite data combined with CTM enable daily monitoring at
moderate spatial resolution, proving particularly effective for oil and gas production regions and
metropolitan areas (Hemati et al., 2024). Measurements reveal substantial underrep@&tmgsions

from oil and gas basins exceed bottam inventories (Shen et al., 2BR while citylevel emissions
measure 1.4.6 times higher than reported values (Maasakkers et al., 2022). Key challenges include
mixed source attribution in urban environments, complex boundary layer dynamics affecting source
localization, and limited grounbdased validation networks restricting firgeale characterization.

At facility scale (<10 km), multiple approaches successfully detect and quantify large erittaedt
measurements show oil and gas facility emissiond 20 times greater than reports (Lavoie et al.,
2017), while satellite methods detect strongly emitting landfills2€3 t/h) exceeding inventory
estimates. Machine learning applied to TROPOMI ctetd 2974 supeemitter plumes in 2021ir
average44 t/h) (Schuit et al., 2023). Point source imagers (GHGSat) cover th£0Q00 kg/h
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detection range (Jacob et al., 2022), with higlolution satellitesdentifyingexact emission locations
(Varon et al., 2021).

For medium sources (5800 kg/h), targeted measurements reveal systematic underestimation. QOil
and gas componeHevel studies show emissions7stimes higher than inventories for valves and
connectors Rutherfordet al., 2021), while facility studies indicate -Rfimes greater emissions overall
(Alvarez et al., 2018). Biogas plant measurements detect leakages@B3X0/h representing-80%

of production Reineltet al., 2021), with mobile surveys measuring-B8L7 kg/h (Bakkaloglu et al.,
2021). DIA technology(Differential Absorption Lidargnables improved characterization through
sustained monitoring (DESN2D25).In addition, vastewater treatment facilities show emissions of
166-381 g per population equivalent annua(Buhleret al., 2022). Major limitations include limited
longterm monitoring programs, insufficient characterization of operational variables affecting
emissions, and incomplete understanding of temporal variability patterns.

Finally, small and diffuse sources (<50 kg/h) rerttarmostchallengingo monitor. Oil and gas small
leaks fall below satellite thresholds, with no standardized protocol providing accurate supply chain
specific estimatesWang et al., 2022). Moreover, agricultural emissions from livestock, manure
management, and rice cultivation are spatially distributed and temporally variable, fundamentally
challenging inversenodelling designed for point sources. Specialized monitoring approaches are
needed but undeveloped.

8.4 Crossscale integration framework

Integrating measurements across spatial scales presents both opportunities and challenges for
methane emission quantification. Multiscale measurement frameworks demonstrate potential for
improving the accuracy of oil and gas methane estim@féanget al., 2022. Validation hierarchies
extending from satellite observations down to groubdsed measurements provide essential quality
assurance (Jacob et al., 2Q22aasakkers et al., 202

Temporal variations make emission measurements challenging. Emissions fluctuate over multiple
timescales, from daily cycles to lotgym operational changes. Shetdrm measurements often miss
important events like maintenance activities or intermittentde releases, which can dominate total
emissions despite being sporadic. Weather conditions also affect emissions significantly. Therefore,
monitoring programs must run long enough to capture these variations while maintaining sufficient
time resolution todetect temporary emission events.

Creating measuremeriased emission inventories requires integrating multiple data sources. This
process compiles facilfevel measurements across major producing basins and develops
representative emission profiles for different facility types. Seveém#kgration strategies have
emerged. Combining bottorap inventories with topdown atmospheric constraints enables mutual
validation and identifies discrepancies. Integrating multiple satellite platforms exploits complementary
strengths in resolution, covage, and sensitivityData fusion ofgroundbased and airborne
measurements provides crosslidation at appropriate scales. Advanced approaches merge satellite
data, company reporting, and production records to create more comprehensive emission estimates
than any single source could proeid

8.5 Sectionhighlights

Methane inversemodelling has achievedigh maturity at global and regional scalesvith robust
methodologies enabling national emission quantification in support of international climate
agreementsUrban and basirscale inversions demonstrate medium to high maturjtyarticularly for

oil and gas production regions where extensive observational campaigns have validated inversion
approaches. Howevefacility-scale inversions remain at emerging to medium matutitgxhibiting
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significant capabilities for large point sources exceeding 500 kg/h but faignidicant challenges
when characterizing smaller sources and diffuse emitters.

Despite these advances, several critical gaps constrain the full realization of monitoring capabilities.
Current measurement methods vary too much between different facilitieamaking reliable
comparisons impossiblefemporal variability characterization from diurnal cycles to interannual
trends remains insufficientparticularly for intermittent supeemitter events that can dominate total
emissions despite their sporadic natuf@ystematic uncertainty quantification at all spatial scales is
limited by prohibitive computational costghat prevent routine application of ensemble approaches
essential for robust policy decisions. From a technological perspedatellite measurements
struggle in offshore areas, mountainous terrain, and high latitudes, while small leaks below 100 kg/h
fall beneath detection thresholdsow-cost sensor networks face drift, crosensitivity tointerfering

with gases, and performance degradation at background concentrations below 2.5.dpmerging
satellite missions (MethaneSAGOSATGW, CO2M) lack comprehensive validation infrastructure
needed to ensure data quality.

At the sector level, challenges vary substantiallVhe oil and gas sector shows systematic biases in
componentlevel emission factors compared to official inventories. The waste sector relies on
outdated landfill decay models incompatible with modern waste composition, while biogas facilities
lack longterm monitoring. Agricultural emissions require specialized approaches for diffuse,
temporally variable sources not yet developed at operational scales. Urban environments face
attribution difficulties from overlapping multiple sources and limited groubdsed validation
networks.

The field is experiencing rapid advancemédew highresolution satellite missions launched or
planned for 20242027 will expand observational capacity and temporal coverage integration

of enhancedsatellite observations, sophisticated inversaodellingtechniques, and emerging sensor
networks promisessignificantimprovementsin methane monitoringover the next years. Facility
scale monitoring represents the forefront, where technological capabilities are rapidly maturing but
methodological framework and operational deployment remain in progreBsority actions include
developing standardized measurement protocols, characterizing temporal variability patterns,
implementing systematic uncertainty quantification, enhancing isotopic source attribution
capabilities, and establishing comprehensive wgtion networks for emerging platforms
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9 Conclusions

This report presents a comprehensive analysis of ozone in relation to its precurserslifN@Cs and

CH) within the context of the revised AAQD, establishing a complete linkage between the regulatory
framework and scientific understanding of the challenggised by ozone pollution in Europe. Ozone
pollution remains a major public health challenge in Europe, with approximd@/§81 deaths
attributable to ozone across 41 European countries, including 62,676 within the Bdares et al.,
2025. At the ecosystem level, onl9.2%of European agricultural land met the lobgrm objective for
vegetation protection in 2029, indicating persistent risk of vegetation damage from ozone exposure.

The revised AAQDepresents a significanpolicy advancement in aligning European air quality
standardswith the latest scientific evidencé&key improvements include the reduction of allowed
exceedances for the targetluefrom 25 to 18 days per year by 2030, the lowering of the {tmmm
objectivefor human health protection from 120g/m?®to 100 pg/m?® by 209 to align with the WHO
guidelines The revised AAQInakes compulsory the implementation of air quality plans for ozone
when exceedances of the target value occurred and mandates enhanced assessment of transboundary
contributions.Furthermore the revised AAQBxpands the list of VOC precursors from 30 to4%
NMVOCs plus methanahd, for the first time, explicitly recognises methane as an ozone precursor
reflecting advances in scientific understanding of ozone formation chemiSage study analysis
reveals that application of the new assessment criteald lead to a increase in the number of
sampling points required in certain Member States, particularly for zones with high population density

Over the past three decades, Europe has achieved significant reductions in 0zone precursor emissions:
NO, decreased by 64%, NMVOCs by 62%, andZB9% between 1990 and 2022. These reductions
were driven by EU regulations, technological improvements, and sectoral policies. kostitD
regulations on transport and industry delivered consistent progress, with major contributions from
France, Germany, Italy, and Spain. For NMVOCs, regulatory measures on solvent use and industrial
processes proved effeot, including directives on industrial emissions and limitations on VOCs in
paints and varnishes. For methane, the largest reductions occurred in fugitive emissions from the
energy sector and in the waste sector through implementation of the EU Landdititide. However,
challenges persist across all three precursors: emissions from biological waste treatment have grown
eightfold as composting and anaerobic digestion expand; domestic solvent use continues to rise; and
four Member States (Cyprus, Spaireland and Malta) report overall CHincreases. Agriculture
remains the dominant source of GHhvith enteric fermentation alone accounting for 44% of EU total,
while residential heating, solvent use, coating applicatiand manure managemenmtow represent

56% of NMVOC emissions.

The overviewof the EuropeanVOC monitoring reveals significant disparities in measurement
capabilities between Member States. Although the revised Afg@Bmmends monitoring6 specific

VOC speciesiany countries still lack adequate infrastructure for comprehensive monitoring.-Long
term, continuous time series are mainly available for aromatic hydrocarbons (benzene, toluene,
xylenes), while measurements of alkenes, oxygenated VOCs, terpenes, arahenath more limited

in spatial coverage and continuitfotably, only Germany currently reports hkeasurements to the

EEA eeporting database. The analysis identified substantial gaps particularly for highly reactive
aLISOASa & dzO4inehedand ciher bidbgBne §QACs has well as anthropogenic compounds like
styrene and 1,2 4rimethylbenzene The lack of formaldehyde data may alsoit efforts to validate
satellite-derived concentration levels. Strategic challenges include the need for enhanced capabilities
to distinguish between biogenic and anthropogenic VOC sources, improved spatiagmirirural

(9 https://www.eea.europa.eu/en/analysis/indicators/exposum-europesecosystemsgo-
ozone?activeAccordion=ecdb3Huhe94978b5cF0b136399d9f8
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areas where biogenic emissions dominate, and better temporal resolution to capture diurnal and
seasonal variations.

Nevertheless, establishing a European monitoring network compliant with the revised AAQD is
technically feasible, building on existing programmes such as EMEP, WMO#ABW\Wesearch
infrastructures likdCOS and ACTRIS. These programmes provide a strong foundation in measurement
expertise, quality assurance procedures, and data management systems. Network design should align
with dominant emission sources: for NMVOCs, this means prioritising BTEX compound
trimethylbenzenes, and key ketones at urban andustrial sites; for methane, monitoring should
focus on agricultural regions with high livestock densities, areas with significant biogas production, and
regions with remaining fossil fuel infrastructure. Compliance is achievable through a tiered network
design combining core continuous monitoring sites equipped with advanced instrumentation,
supplementary sites using simpler methods to improve spatial coverage, strong integration with
existing research infrastructures, and integration of satellite obs&aat with groundbased
measurements to support todown verification of emission inventories.

Analysis of air quality plangveals a heterogeneous approaeakross European countrie€roatia
adopted a national action plan and regional plans for cities including Pula, with measures targeting
traffic, port activities, shore power for ships, and energy efficiency; monitoring data suggests a slight
decrease in exceedance days over 2Q023.France has developed regional atmosphere protection
plans (PPA) and territorial climate air energy plans (PCAET) integrating ozone reduction within a multi
pollutant approach. Spain, particularly affected in the Mediterranean basin, commissionediaptim
scientific study to develop a future National Ozone Plan, identifying NMVOCs with the highest
contribution to ozone formation and demonstrating through modellthgt national measures alone
cannot achieve the EU losigrm objective without combined international strategies. Cros#ting
analysis reveals that most existing plans lack approaches specifically dedicated to ozone with sufficient
integration of translbundary contributions, highlighting the complexity of nlimear chemical
processes that require enhanced European coordination. To support the development of effective
plans, source apportionment tools such as the CAMS Air Control Toolbox now prowdgataibstics

for major European cities, identifying contributions from traffic, industry, shipping, residential,
agriculture, and natural sources.

Future projections indicate that achieving reduction targets will require reinforced and diverse
measures across sectors. For methane, a 21% decrease is projected between 2022 and 2050 under
existing measures, with agriculture remaining the dominant sguet®rts must focus on improved
livestock management, fertiliser efficiency, and reduction of emissions from biological waste
treatment. For NMVOCs, an 11% reduction is projected between 2020 and 2030, requiring continued
measures in solvent use and appliion of Best Available Techniques. For,ND31% reduction is
expectedbetween 2020 and 2030depending on strengthened vehicle emission standards, energy
transition, and improved industrial efficiency. Transformative solutiansluding dietary shifts,
circular economy approaches, fossil fuel phasg transport electrification, and comprehensive
application of BAToffer the greatest londerm mitigation potential beyond incremental technical
improvements.

Finally, methane inverse modelling has achieved high maturity at global and regional scales, supporting
national emission verification under international climate agreemeBtdellite missionsincluding
MethaneSAT, GOSAIW, and Sentind, are expanding observational capacity, offering promising
prospects for more precise monitoring when integrated with grotnaded networks. Priority actions
include developing standardised measurement protocols, characterising temporal variability,
implemerting systemat uncertainty quantification, and establishing comprehensive validation
networks for emerging platforms.
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Moving forward, the convergencd enhanced monitoring capabilitiesf ozone precursors, improved
emission quantification through inversmodelling andcoordinated European strategieis the
development or air quality planwill be essential to address the persistent challenge of ozone

pollution.
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List of abbreviations

Abbreviation Name Reference

ACTRIS

The Aerosol, Clouds and Trace Ga: https://www.actris.eu/
Research Infrastructure

AAQD Ambient Air Quality Directive
ACT Air Control Toolbox
AQ Air Quality
AOT Accumulated Ozone over Threshold of
ppb
BAT Best Available Techniques
BTEX Benzene, Toluene, Ethylbenzene, Xylene
CAMS Copernicus Atmosphere Monitoring Servic https://atmosphere.copernicus.eu/
CEN European Committee for Standardization
CH Methane
CHP Combined Heat and Power
CLRTAP Convention on Longange Transboundar
Air Pollution
CcO Carbon monoxide
CQ Carbon dioxide
CT™M Chemistry Transport Model
DNPH 2,4-Dinitrophenylhydrazine
EDGAR Emissions Database for Global Atmosphe https://edgar.jrc.ec.europa.eu/
Research
EEA European Environment Agency www.eea.europa.eu
EGR Exhaust Gas Recirculation
EMEP European Monitoring and Evaluatic https://www.emep.int/
Programme
ESA European Space Agency https://www.esa.int/
ETC European Topic Centre
EU European Union
FID FlamelonizationDetector
GAW Global Atmosphere Watch Programme  https://community.wmo.int/site/kno
wledgehub/programmesand
initiatives/globalatmospherewatch
programmegaw
GC Gas Chromatography
GCM Global Climate Model
GHG Greenhouse Gas
GOSAT Greenhouse gases Observing SATellite
GWP Global Warming Potential
HCHO Formaldehyde
HPLC HighPerformance Liquid Chromatography
ICOS Integrated Carbon Observation System
IEA International Energy Agency https://www.iea.org/
IED Industrial Emissions Directive
IIR Informative Inventory Report
IPCC Intergovernmental Panel on Climate Char https://www.ipcc.ch/
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https://www.actris.eu/
https://atmosphere.copernicus.eu/
https://edgar.jrc.ec.europa.eu/
www.eea.europa.eu
https://www.emep.int/
https://www.esa.int/
https://community.wmo.int/site/knowledge-hub/programmes-and-initiatives/global-atmosphere-watch-programme-gaw
https://community.wmo.int/site/knowledge-hub/programmes-and-initiatives/global-atmosphere-watch-programme-gaw
https://community.wmo.int/site/knowledge-hub/programmes-and-initiatives/global-atmosphere-watch-programme-gaw
https://community.wmo.int/site/knowledge-hub/programmes-and-initiatives/global-atmosphere-watch-programme-gaw
https://www.iea.org/
https://www.ipcc.ch/

JRC Joint Research Centre https://commission.europa.eu/about
/departmentsand-executive
agencies/joiniresearchcentre en

LTO Longterm objective

MethaneSAT Methane Satellite

MIR Maximum Incremental Reactivity

MOFP Maximum Ozone Formation Potential

MS Member States

MSD Mass Spectrometry Detector

NAPCP National Air Pollution Control Programme

NEC National Emission reduction Commitment

NH; Ammonia

NID National Inventory Document

NIR National Inventory Report

NMHC Non-Methane Hydrocarbons

NMVOC Non-Methane Volatile Organic Compound

NO Nitrogen oxide

NG Nitrogen dioxide

NO Nitrogen oxides

Gs Ozone

OMI Ozone Monitoring Instrument

ovocC Oxygenated Volatile Organic Compounds

PCAET Plans  ClimaAir-Energie  Territoriauy
(Territorial Climate Air Energy Plans)

PM Particulate Matter

PM10 t F NIAOdzA S al G4SN

PM2.5 t F NIAOdzA S al GdGSNJ

POCP Photochemical Ozone Creation Potential

PPA Plans de Protection de I'Atmosphe
(Atmosphere Protection Plans)

PREPA Plan de Réduction des Emissions
Polluants Atmosphériques

PTRMS Proton Transfer Reaction Ma:
Spectrometry

SAPRC The California Statewide Air Pollutior
Research Centre

SCR Selective Catalytic Reduction

SNCR Selective NofCatalytic Reduction

SOA Second Organic Aerosol

SQ Sulphur dioxide

SPO Sampling Point

TCCON Total Carbon Column Observing Network

TD Thermal Desorption

TROPOMI TROPOspheric Monitoring Instrument

TV Target Value

UNECE United Nations Economic Commission * https://unece.org/fr
Europe

UNFCCC United Nations Framework Convention ¢ https://unfccc.int/fr

Climate Change
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https://commission.europa.eu/about/departments-and-executive-agencies/joint-research-centre_en
https://unece.org/fr
https://unfccc.int/fr

VOC Volatile Organic Compound

WAM With Additional Measures (scenario)

WEM With Existing Measures (scenario)

WMO World Meteorological Organization https://wmo.int/
WHO World Health Organization
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Annex 1 Data on sampling point reported to EEA-Reporting)

TableAl.1: Number of sampling points reporting in a country per V@&ed in Error! Reference
source not found.andfrom this number which ones have time series for 10®years,

at least
country iso2 compound VOC group number of SPOs
code
Total >= 3 years of data|] >= 10 years of data
FR Acetaldehyde/Ethanal Aldehyde 8 0 1
FR Formaldehyde Aldehyde 8 0 1
FR Ethane Alkanes 1 0 0
GB Ethane Alkanes 4 0 4
LT Ethane Alkanes 1 0 0
PL Ethane Alkanes 1 1 1
SE Ethane Alkanes 1 0 1
ES i-Butane Alkanes 1 0 1
FR i-Butane Alkanes 1 0 0
GB i-Butane Alkanes 4 0 4
LT i-Butane Alkanes 1 0 0
PL i-Butane Alkanes 1 1 1
SE i-Butane Alkanes 1 0 1
AT i-Hexane Alkanes 1 1 1
DK i-Hexane Alkanes 1 0 1
ES i-Hexane Alkanes 1 0 1
GB i-Hexane Alkanes 4 0 4
PL i-Hexane Alkanes 1 1 1
AT i-Octane Alkanes 1 1 1
DK i-Octane Alkanes 1 0 1
ES i-Octane Alkanes 1 0 1
FR i-Octane Alkanes 1 0 0
GB i-Octane Alkanes 4 0 4
PL i-Octane Alkanes 1 1 1
SE i-Octane Alkanes 1 0 1
AT i-Pentane Alkanes 1 1 1
ES i-Pentane Alkanes 1 0 1
FR i-Pentane Alkanes 1 0 0
GB i-Pentane Alkanes 4 0 4
PL i-Pentane Alkanes 1 1 1
SE i-Pentane Alkanes 1 0 1
ES n-Butane Alkanes 1 0 1
FR n-Butane Alkanes 1 0 0
GB n-Butane Alkanes 4 0 4
LT n-Butane Alkanes 1 0 0
PL n-Butane Alkanes 1 1 1
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SE n-Butane Alkanes 1 0 1
AT n-Heptane Alkanes 1 1 1
DK n-Heptane Alkanes 1 0 1
ES n-Heptane Alkanes 1 0 1
Fl n-Heptane Alkanes 1 0 0
FR n-Heptane Alkanes 1 0 0
GB n-Heptane Alkanes 4 0 4
PL n-Heptane Alkanes 1 1 1
SE n-Heptane Alkanes 1 0 1
AT n-Hexane Alkanes 1 1 1
DK n-Hexane Alkanes 1 0 1
ES n-Hexane Alkanes 1 0 1
FR n-Hexane Alkanes 1 0 0
GB n-Hexane Alkanes 4 0 4
LT n-Hexane Alkanes 1 0 0
PL n-Hexane Alkanes 1 1 1
SE n-Hexane Alkanes 1 0 1
AT n-Octane Alkanes 1 1 1
DK n-Octane Alkanes 1 0 1
ES n-Octane Alkanes 1 0 1
FR n-Octane Alkanes 1 0 0
GB n-Octane Alkanes 4 0 4
PL n-Octane Alkanes 1 1 1
SE n-Octane Alkanes 1 0 1
AT n-Pentane Alkanes 1 1 1
DK n-Pentane Alkanes 1 0 1
ES n-Pentane Alkanes 1 0 1
FR n-Pentane Alkanes 1 0 0
GB n-Pentane Alkanes 4 0 4
PL n-Pentane Alkanes 1 1 1
SE n-Pentane Alkanes 1 0 1
FR Propane Alkanes 1 0 0
GB Propane Alkanes 4 0 4
PL Propane Alkanes 1 1 1
SE Propane Alkanes 1 0 1
ES 1,3-Butadiene Alkenes 1 0 1
FR 1,3-Butadiene Alkenes 1 0 0
GB 1,3-Butadiene Alkenes 5 0 5
LT 1,3-Butadiene Alkenes 1 0 0
PL 1,3-Butadiene Alkenes 1 1 1
SE 1,3-Butadiene Alkenes 1 0 1
ES 1-Butene Alkenes 1 0 1
FR 1-Butene Alkenes 1 0 0
GB 1-Butene Alkenes 4 0 4
LT 1-Butene Alkenes 1 0 0
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PL 1-Butene Alkenes 1 1 1
SE 1-Butene Alkenes 1 0 1
AT 1-Pentene Alkenes 1 1 1
DK 1-Pentene Alkenes 1 0 1
ES 1-Pentene Alkenes 1 0 1
FR 1-Pentene Alkenes 1 0 0
GB 1-Pentene Alkenes 4 0 4
LT 1-Pentene Alkenes 1 0 0
PL 1-Pentene Alkenes 1 1 1
SE 1-Pentene Alkenes 1 0 1
AT 2-Pentene Alkenes 1 1 1
DK 2-Pentene Alkenes 1 0 1
ES 2-Pentene Alkenes 1 0 1
PL 2-Pentene Alkenes 1 0 1
ES cis-2-Butene Alkenes 1 0 1
FR cis-2-Butene Alkenes 1 0 0
GB cis-2-Butene Alkenes 4 0 4
LT cis-2-Butene Alkenes 1 0 0
PL cis-2-Butene Alkenes 1 1 1
SE cis-2-Butene Alkenes 1 0 1
FR Ethylene Alkenes 1 0 0
GB Ethylene Alkenes 4 0 4
PL Ethylene Alkenes 1 1 1
SE Ethylene Alkenes 1 0 1
FR Propene / Propylene Alkenes 1 0 0
GB Propene / Propylene Alkenes 4 0 4
PL Propene / Propylene Alkenes 1 1 1
SE Propene / Propylene Alkenes 1 0 1
ES Trans2-Butene Alkenes 1 0 1
FR Trans2-Butene Alkenes 1 0 0
GB Trans2-Butene Alkenes 4 0 4
PL Trans2-Butene Alkenes 1 1 1
SE Trans2-Butene Alkenes 1 0 1
FR Acetylene Alkynes 1 0 0
GB Acetylene Alkynes 4 0 4
PL Acetylene Alkynes 1 1 1
SE Acetylene Alkynes 1 0 1
AT 1.2.3Trimethylbenzene | Aromatics 1 1 1
BG 1.2.3Trimethylbenzene | Aromatics 2 0 2
DK 1.2.3Trimethylbenzene | Aromatics 1 0 1
ES 1.2.3Trimethylbenzene | Aromatics 1 0 1
FR 1.2.3Trimethylbenzene | Aromatics 1 0 0
GB 1.2.3Trimethylbenzene | Aromatics 4 0 4
LT 1.2.3Trimethylbenzene | Aromatics 1 0 0
PL 1.2.3Trimethylbenzene | Aromatics 1 1 1
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SE 1.2.3Trimethylbenzene | Aromatics 1 0 1
AT 1.2.4Trimethylbenzene | Aromatics 1 1 1
BG 1.2.4Trimethylbenzene | Aromatics 2 0 2
DK 1.2.4Trimethylbenzene | Aromatics 1 0 1
ES 1.2.4Trimethylbenzene | Aromatics 1 0 1
FR 1.2.4Trimethylbenzene | Aromatics 1 0 0
GB 1.2.4Trimethylbenzene | Aromatics 4 0 4
LT 1.2.4Trimethylbenzene | Aromatics 1 0 0
PL 1.2.4Trimethylbenzene | Aromatics 1 1 1
SE 1.2.4Trimethylbenzene | Aromatics 1 0 1
AT 1.3.5Trimethylbenzene | Aromatics 1 1 1
BG 1.3.5Trimethylbenzene | Aromatics 2 0 2
DK 1.3.5Trimethylbenzene | Aromatics 1 0 1
ES 1.3.5Trimethylbenzene | Aromatics 1 0 1
Fl 1.3.5Trimethylbenzene | Aromatics 3 1 2
FR 1.3.5Trimethylbenzene | Aromatics 1 0 0
GB 1.3.5Trimethylbenzene | Aromatics 4 0 4
LT 1.3.5Trimethylbenzene | Aromatics 1 0 0
PL 1.3.5Trimethylbenzene | Aromatics 1 1 1
SE 1.3.5Trimethylbenzene | Aromatics 1 0 1
AL Benzene Aromatics 2 0 0
AT Benzene Aromatics 16 10 16
BE Benzene Aromatics 38 15 35
BG Benzene Aromatics 4 1
CH Benzene Aromatics 2
CY Benzene Aromatics 1 1
Cz Benzene Aromatics 24 24
DE Benzene Aromatics 62 27 54
DK Benzene Aromatics 3 1
EE Benzene Aromatics 4 4
ES Benzene Aromatics 145 86 132
FI Benzene Aromatics 3 1 2
FR Benzene Aromatics 136 24 87
GB Benzene Aromatics 40 37
GR Benzene Aromatics
HR Benzene Aromatics 5 4
HU Benzene Aromatics 13 12 13
IE Benzene Aromatics 2 0 1
IT Benzene Aromatics 196 122 191
LT Benzene Aromatics 5 1 5
LU Benzene Aromatics 1 0 1
LV Benzene Aromatics 13 1 3
MK Benzene Aromatics 0 0
MT Benzene Aromatics 3 1 2
NL Benzene Aromatics 0 0
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NO Benzene Aromatics 12 7 12
PL Benzene Aromatics 80 31 67
PT Benzene Aromatics 12 1 11
RO Benzene Aromatics 93 1 90
SE Benzene Aromatics 3

SI Benzene Aromatics 2

SK Benzene Aromatics 12 9 12
AT Ethyl benzene Aromatics 1

DE Ethyl benzene Aromatics 5 3 4
DK Ethyl benzene Aromatics 0

ES Ethyl benzene Aromatics 35 11 34
Fl Ethyl benzene Aromatics 3 1 2
FR Ethyl benzene Aromatics 85 1 35
GB Ethylbenzene Aromatics 5 0 5
GR Ethyl benzene Aromatics 0 1
HU Ethyl benzene Aromatics 12 12 12
IE Ethyl benzene Aromatics 1 0 1
IT Ethyl benzene Aromatics 19 4 17
MT Ethyl benzene Aromatics 1 0 1
NL Ethyl benzene Aromatics 1 0 0
PL Ethylbenzene Aromatics 1 1 1
PT Ethyl benzene Aromatics 2 0 2
SE Ethyl benzene Aromatics 1 0 1
Sl Ethyl benzene Aromatics 2 2 2
AT m.p-Xylene Aromatics 1 1 1
DE m.p-Xylene Aromatics 16 13 15
DK m.p-Xylene Aromatics 1 0 1
ES m.p-Xylene Aromatics 48 11 44
Fl m.p-Xylene Aromatics 3 1 2
FR m.p-Xylene Aromatics 85 1 34
GB m.p-Xylene Aromatics 5 0 5
GR m.p-Xylene Aromatics 0 1
HU m.p-Xylene Aromatics 11 11 11
IE m.p-Xylene Aromatics 1 0 1
IT m.p-Xylene Aromatics 12 2 11
LT m.p-Xylene Aromatics 1 0 0
MT m.p-Xylene Aromatics 2 1 2
NL m.p-Xylene Aromatics 1 0 0
PL m.p-Xylene Aromatics 1 1 1
PT m.p-Xylene Aromatics 2 0 2
SE m.p-Xylene Aromatics 1 0 1
Sl m.p-Xylene Aromatics 2 2 2
AT o-Xylene Aromatics 1 1 1
DE o-Xylene Aromatics 16 13 15
DK o-Xylene Aromatics 1 0 1
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ES o-Xylene Aromatics 31 11 30
FI o-Xylene Aromatics 3 1 2
FR o-Xylene Aromatics 87 34
GB o-Xylene Aromatics 5 5
GR o-Xylene Aromatics 0
HU o-Xylene Aromatics 11 11 11
IE o-Xylene Aromatics 1 0 1
IT o-Xylene Aromatics 28 8 26
MT o-Xylene Aromatics 2 1 2
NL o-Xylene Aromatics 1 0 0
PL o-Xylene Aromatics 1 1 1
PT o-Xylene Aromatics 2 0 2
SE o-Xylene Aromatics 1 0 1
Sl o-Xylene Aromatics 2 2 2
AT Toluene Aromatics 1 1 1
CH Toluene Aromatics 2 0 2
DE Toluene Aromatics 43 25 40
DK Toluene Aromatics 3 0 1
ES Toluene Aromatics 65 11 60
Fl Toluene Aromatics 3 1 2
FR Toluene Aromatics 96 43
GB Toluene Aromatics 5 5
GR Toluene Aromatics 0
HU Toluene Aromatics 12 12 12
IE Toluene Aromatics 1 0 1
IT Toluene Aromatics 30 9 28
LT Toluene Aromatics 1 0 0
LU Toluene Aromatics 1 0 1
LV Toluene Aromatics 5 0 1
MT Toluene Aromatics 3 1 2
NL Toluene Aromatics 1 0 0
PL Toluene Aromatics 1 1 1
PT Toluene Aromatics 1 0 1
SE Toluene Aromatics 2 0 2
SI Toluene Aromatics 2 2 2
DE Methane Methane 10 0 10
DK Isoprene Terpenes 1 0 1
ES Isoprene Terpenes 1 0 1
FR Isoprene Terpenes 1 0 0
GB Isoprene Terpenes 4 0 4
PL Isoprene Terpenes 1 1 1
SE Isoprene Terpenes 1 0 1
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FigureAl.1: The monitoring history of aldehydes in the-Reporting.
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FigureA1.2: The monitoring history of alkanes in the-Beporting.
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Figure A1.3The monitoring history of alkenes in the-Beporting
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FigureAl.4: The monitoring history of alkynes in thelReporting.
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FigureA1.5: The monitoring history of timethylbenzene(aromatics) in the eReporting
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FigureA1.6: The monitoring history of benzene (aromatics) in theReporting
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