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Welcome to the German Informative Inventory Report 2026 (IIR 2026)!

This report covers the preparation, maintenance, and improvement of the German air pollutant emission inventory.

Emission estimates are provided for the time series from 1990 to 2024, with exceptions for fine particulate matter
with aerodynamic diameters of <2.5um (PM, ;) or <10um (PM,,) respectively with data as of 1995, and black carbon (BC)
with data as of 2000.

A PDF version of this report is available for
download here .

Furthermore, additional information regarding
both the current and previous submissions as
well as a links to our interactive data interface
can be found under "Downloads & Links".
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EXECUTIVE SUMMARY

About this report

The Informative Inventory Report (lIR) is providing complementary information to Germany's air pollution inventories under
the Geneva Convention on Long-range Transboundary Air Pollution of the United Nations Economic Commission for Europe
(UNECE/CLRTAP) as well as the EU's National Emission Ceiling Directive (NECD).

Germany's air pollution inventory includes emission data in consistent time-series ranging from 1990 (1995 for PM,,, PM,
and 2000 for Black Carbon) to the latest reported year for all 26 air pollutants or groups of air pollutants (NO,, NMVOC,
PCDD/PCDF) considered under UNECE reporting.

This report provides a comprehensive analysis of the inventory data, descriptions of the methods applied, data sources, and
carried out QA/QC procedures. It follows the outline established by the latest guidelines for estimating and reporting of
emission data and all data presented in this report were compiled according to those same guidelines.

However, this report does not provide a comprehensive discussion on air pollution or the measures and politics dealing with
it. Such information is included in the published national programs for further emission reductions, e.g. under the NEC
directive or the trend and projection reports for green-house gases. Instead, it provides a detailed insight on the process of
air pollution and emission inventory preparation. The focus lies on the methods and assumptions used for the German
emission reporting and to underpin the “technical” review of the emission data as reported under the CLRTAP convention
and its protocol.

Air pollution trends in Germany

Air pollution in Germany declined significantly over the last few decades. As the figure below illustrates, emissions
decreased sharply for most pollutants monitored in the time from 1990 onwards.

Especially in the 1990s, big improvements have been achieved due to the re-organisation of the former East German
economy after the re-unification and the measures applied to German industry. One basic reason is the fuel switch in the
former eastern part of Germany, i.e. the replacement of lignite by gaseous and liquid fuels.

A decrease of emissions is seen for all pollutants, though progress varies: Sulphur dioxide and TSP (total suspended
particles), for example, saw a rapid decline in the early 1990s while the decrease of other pollutant's emissions developed
more or less linear. Values for particulate matter are measured and calculated since 1995 and reveal a slow though steady
improvement.
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Nevertheless, the above figure also illustrates that for certain pollutants (namely ammonia, sulphur dioxide, and total
suspended particles) only moderate progress can be observed since 2000. This particularly holds true for the development
of ammonia, where recent years saw steady or even increasing emissions.

For heavy metal and POP (Persistent Organic Pollutants) emissions, the picture is far more heterogeneous: While the release
of these substances generally declined, some trends appear to be less favourable. Generally, data completeness and
inventory compatibility remains an issue for these pollutants. For the three priority heavy metals cadmium, mercury, and
lead, however, very significant reductions have been achieved in the 1990s (see figure below).
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All trends are analysed and explained in detail in the Chapter 2 - Explanation of Key Trends.

Major improvements compared to last submission

For more details, please refer to chapters 9.1 - Recalculations and 9.2 - Improvements.

Completeness

With respect to all major air pollutants, the German inventory is generally considered complete. In contrast, for heavy metals
and persistent organic pollutants there are still quite a few missing bits and pieces.

For more information, refer to chapter 1.8 General Assessment of Completeness.

Completeness of the German inventory can also be assessed by referring to the data submission. All cells marked “NE"” (not
estimated) within the NFR tables do indicate missing information.

Priorities for further improvement

For an overview on major improvements introduced with the current submission or planned for future submissions please
refer to Chapter 9.2 - Improvements.


https://iir.umweltbundesamt.de/2026/general/trends/start
https://iir.umweltbundesamt.de/2026/general/recalculations/start
https://iir.umweltbundesamt.de/2026/general/planned_improvements/start
https://iir.umweltbundesamt.de/2026/general/assessment_completeness/start
https://iir.umweltbundesamt.de/2026/general/planned_improvements/start
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Most notably, Germany will seek to improve the completeness of the report, in particular regarding heavy metals and
persistent organic pollutants. Moreover, we will continue to provide a comprehensive and up-to-date IIR.

Structure of this report

This report does not provide a comprehensive discussion on air pollution or the measures and politics dealing with it. This
type of information is included in the published national programs for further emission reductions, e.g. under the NEC
directive or the trend and projection reports for green-house gases. Instead, it provides a detailed insight on the process of
air pollution and emission inventory preparation. The focus lies on the methods and assumptions used for the German
emission reporting. The report is intended to underpin the “technical” review of the emission data as reported under the
CLRTAP convention and its protocol.

Thus, the outline of this report follows the recommendations of the CLRTAP emission reporting guidelines.


https://iir.umweltbundesamt.de/2026/general/start
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CHAPTER 1: Introduction to the German emission reporting & air pollutants emissions
inventory

The following pages provide an overview on the fundamental inventory work, its backgrounds and basic tasks.
1.1 National Inventory Background

Why we do what we do: The CLRTAP convention and its protocols, Germany's reduction obligations, ...

1.2 Institutional Arrangements

The necessary institutional framework: Inventory preparation, responsibilities of the Single National Entity, ...
1.3 Inventory Preparation Process

How we do it: The process of inventory preparation.

1.4 Methods and Data Sources

Where we get our data from: Main data sources, national statistics, models, plant specific data, ...

1.5 Key Categories

Main emission sources and interesting trends.

1.6 QA/QC and Verification methods

Assuring a high quality inventory: The German Quality System for Emission Inventories.

1.7 General Uncertainty Evaluation

The quality of numbers: specific and over-all uncertainty assessment.

1.8 General Assessment of Completeness

Mind the gap: necessary efforts to achieve the “complete” inventory.


https://iir.umweltbundesamt.de/2026/general/inventory_background/start
https://iir.umweltbundesamt.de/2026/general/institutional_arrangements/start
https://iir.umweltbundesamt.de/2026/general/inventory_preparation/start
https://iir.umweltbundesamt.de/2026/general/method_data/start
https://iir.umweltbundesamt.de/2026/general/key_categories/start
https://iir.umweltbundesamt.de/2026/general/quality_verification/start
https://iir.umweltbundesamt.de/2026/general/uncertainty_evaluation/start
https://iir.umweltbundesamt.de/2026/general/assessment_completeness/start
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Chapter 1.1 - National Inventory Background

Air pollution and the Convention on Long-range Transboundary Air
Pollution

Starting in the late 18th century, the industrial revolution caused an ever-growing need for energy and resources. As a
result, pollution of the atmosphere, going alongside with threats to environment and health, became a highly visible,
undeniable problem waiting to be solved.

As one answer to this situation, the Convention on Long-Range Transboundary Air Pollution (also: Convention on Air
Pollution, CLRTAP) was opened for signature in November 1979 and came into effect about 3 years later in March 1983.

By now, the Convention - identifying the Executive Secretary of the United Nations Economic Commission for Europe
(UNECE) as its secretariat - has 51 parties and addresses some of the major environmental problems of the UNECE region
through scientific collaboration and policy negotiation and, during the years, has been extended by eight protocols that
identify specific measures to be taken by Parties to reduce their emissions of air pollutants.

Aim of the Convention is that parties shall endeavour to limit and, as far as possible, gradually reduce and prevent air
pollution including long-range transboundary air pollution. Parties develop policies and strategies to combat the discharge of
air pollutants through exchanges of information, consultation, research, and monitoring.

Annually, the Parties meet at sessions of the Executive Body to review ongoing work and plan future activities including a
work plan for the coming year. The three main subsidiary bodies - the Working Group on Effects, the Steering Body to EMEP
and the Working Group on Strategies and Review - as well as the Convention's Implementation Committee, report to the
Executive Body each year.

Currently, the Convention's priority activities include review and possible revision of its most recent protocols,
implementation of the Convention and its protocols across the entire UNECE region (with special focus on Eastern Europe,
the Caucasus and Central Asia and South-East Europe) and sharing its knowledge and information with other regions of the
world.

Germany and the convention protocols

As mentioned above, the Convention on Long-Range Transboundary Air Pollution has, by now, been extended by eight
protocols on the reduction of several pollutants such as Sulphur, Nitrogen Oxides or Volatile Organic Compounds. Germany,
as a member of the CLRTAP, has signed each additional protocol.

The Geneva Convention... opened / put into

force
Geneva Convention on Long-Range Transboundary Air Pollution, CLRTAP 1979 /1983
...and its Protocols
Geneva. Protocol on Long-term Finanging of the.Cooperative. Programme for Monitoring and 1984 / 1988
Evaluation of the Long-range Transmission of Air Pollutants in Europe (EMEP)
Helsinki Protocol on the Reduction of Sulphur Emissions or their Transboundary Fluxes by at least 1985 / 1987

30 per cent

Sofia Protocol concerning the Control of Nitrogen Oxides or their Transboundary Fluxes 1988 /1991

Geneva Protocol concerning the Control of Emissions of Volatile Organic Compounds or their

Transboundary Fluxes 199171997
Oslo Protocol on Further Reduction of Sulphur Emissions 1994 /1999
Aarhus Protocol on Heavy Metals 1998 /2003
Aarhus Protocol on Persistent Organic Pollutants (POPs) 1998 /2003
Gothenburg Protocol to Abate Acidification, Eutrophication and Ground-level Ozone 1999 /2005

Today, the last three protocols are the most relevant. All three of them have been updated to foster further reductions of air
pollution towards the new milestones in 2020 and 2030.


https://unece.org/environment-policy/air
https://unece.org/environment-policy/air
https://unece.org/environment-policy/air/emep-protocol
https://unece.org/environment-policy/air/emep-protocol
https://unece.org/environment-policy/air/protocol-further-reduction-sulphur-emissions
https://unece.org/environment-policy/air/protocol-further-reduction-sulphur-emissions
https://unece.org/environment-policy/air/protocol-concerning-control-emissions-nitrogen-oxides
https://unece.org/environment-policy/air/protocol-concerning-control-emissions-volatile-organic-compounds
https://unece.org/environment-policy/air/protocol-concerning-control-emissions-volatile-organic-compounds
https://unece.org/environment-policy/air/protocol-further-reduction-sulphur-emissions
https://unece.org/environment-policy/air/protocol-heavy-metals
https://unece.org/environment-policy/air/protocol-persistent-organic-pollutants-pops
https://unece.org/environment-policy/air/protocol-abate-acidification-eutrophication-and-ground-level-ozone
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Reduction obligations and reporting

Reporting of emission data to the executive body of the Convention on Long-Range Transboundary Air Pollution (CLRTAP) is
required in order to fulfil obligations of the protocols under the convention. Parties are required to submit annual national
emissions of SO,, NO,, NMVOC, CO and NH,, particulate matter, various heavy metals and persistent organic pollutants
(POPs) using the “Guidelines for Estimating and Reporting Emission Data” under the Convention. This process is underlined
by activities to review the submitted information by independent experts.

The report at hand contains information on Germany's inventories for all years from 1990 to the latest reporting year
including descriptions of methods, data sources, QA/QC activities carried out and a trend analysis. The inventory accounts
for anthropogenic emissions of SO,, NO,, NH;, NMVOC, CO, TSP (Total Suspended Particulate matter), PM,, (particles of size
<10um), PM, (<2.5um), BC (Black Carbon), Pb, Cd, Hg, As, Cr, Cu, Ni, Se and Zn, PAH and dioxins. Emission estimates are
mainly based on official German statistics, e.g. energy statistics, agricultural statistics and environmental reports from
industry. The emission factors used are both nationally developed factors as well as internationally recommended ones. For
details please refer to the sector-specific sections.

Germany uses the EMEP/EEA Air Pollutant Emission Inventory Guidebook for reporting to the Convention on Long-Range
Transboundary Air Pollution (CLRTAP) and to the Economic Commission for Europe (UNECE). The methodologies used are to
some extend also in accordance with the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC Guidelines)
and, in general, in line with Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories
IPCC-NGGIP (IPCC Good Practice Guidance).

Besides its CLRTAP obligation and as an EU member state, Germany also has to report the full data set and this inventory
report under the updated National Emissions Ceilings Directive (EU/2016/2284). Both submissions are fully aligned in format,
timing and content. There are no differences when comparing the submissions presented under the LRTAP convention, the
EU's NEC directive and the UNFCCC other than the minor and expected incompatibilities in the reporting of emissions from
mobile sources (aviation and marine shipping).

National territory emissions

All of Germany’s emissions occur inside the EMEP grid domain. This excludes international aviation and maritime navigation
as shown in methodical issues and laid out by the CLRTAP guidelines. There is only one offshore island (Helgoland) were all
emission relevant activities are included in the national statistics used for the emission estimation. Thus, all numbers for
national totals given are considered to be “real totals”.


https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023
https://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
https://www.ipcc-nggip.iges.or.jp/public/gp/english/
https://www.ipcc-nggip.iges.or.jp/public/gp/english/
https://www.ceip.at/the-emep-grid
https://iir.umweltbundesamt.de/2026/general/method_data/start
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Chapter 1.2 - Institutional Arrangements

Inventory preparation and responsibilities

Article 5.1 of the UNFCCC/Kyoto Protocol mandates the establishment of a National System for preparation of greenhouse-
gas emissions inventories. The National System for Germany fulfils the requirements of the revised UNFCCC Reporting
Guidelines on National Inventory Arrangements (UNFCCC Decision 24/CP.19), requirements which are binding under the
Kyoto Protocol (according to UNFCCC Decision 19/CMP.1) and the European Greenhouse gas Monitoring Mechanism
Regulation (525/2013). The German emission inventory as submitted to the Geneva LRTAP Convention is prepared in the
very same institutional framework, by the same actors and processes.

The National System provides for the preparation of inventories conforming to the principles of transparency, consistency,
comparability, completeness and accuracy. Such conformance is achieved through extensive use of the methodological
regulations from the CLRTAP Guidelines and the EMEP/EEA air pollution guidebook, through ongoing quality management
and through continuous inventory improvement.

The National System in Germany has been essentially institutionalized at three levels, at the ministerial level, at the level of
the German Environmental Agency and the level outside the federal government. At the ministerial level, the system is
leaded by the Federal Ministry for Environment, Nature Conservation and Nuclear Safety (BMU) through an agreement of the
Secretaries of the ministries involved as policy paper “National System for Emissions Reporting” established from
05.06.2007, extended in December 2014. With the incorporation of the Federal Ministry of the Interior, Building and
Community (BMI), the Federal Ministry of Defence (BMVg); the Federal Ministry of Finance (BMF), the Federal Ministry of
Economic Affairs and Energy (BMWi), the Federal Ministry of Transport and Digital Infrastructure (BMVI) and the Federal
Ministry for Food and Agriculture (BMEL) all the key institutions are included that are in a position to make high-quality
specialised contributions to the preparation of the emission inventories.

The policy paper defines the relevant responsibilities of the various departments. In addition, it was resolved that the
German Environment Agency (UBA) should serve as the Single National Entity (National Co-ordinating Agency) for Germany.
The tasks of the Single National Entity include the planning, preparation, and storage of the inventories and the description
of those in the inventory reports as well as the quality control and quality assurance in all relevant process steps. In addition,
various other institutions and organizations outside the federal government are integrated into the National System via
agreements with the Single National Entity.

Instruments of the Single National Entity

The German Environment Agency has developed a range of instruments for supporting the Single National Entity in carrying
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out its tasks.

The German Environment Agency's Central System on Emissions (CSE) database is the national, central database for
emissions calculation and reporting. It is used for central storage of all information required for emissions calculation
(methods, activity rates, emission factors). The CSE is the main instrument for documentation and quality assurance at the
data level. It also tracks data provider responsibilities.

Within the German Environment Agency, the Quality System for Emissions Inventories (QSE) provides the necessary
framework for good inventory practice and for routine quality assurance. Established in 2005 via in-house directive 11/2005,
within the German Environment Agency it comprises the processes necessary for continually improving the quality of
emissions inventories. The framework it provides includes defined responsibilities and quality objectives relative to methods
selection, data collection, calculation of emissions and relevant uncertainties and recording of completed quality checks and
their results (confirmation that objectives were reached, or, where objectives were not reached, listing of the measures
planned for future improvement). The quality control procedures have been developed with the help of external experts,
taking special account of the German Environment Agency's work structures, general guidelines for quality assurance and
the CLRTAP Reporting Guidelines. Establishment of minimum requirements pertaining to data documentation, QC/QA and
archiving ensures that additional authorities, institutions and inventory experts are included in the quality management
process.

A searchable Access database - the Planning and Control Instrument (Planungs- und Steuerungsinstrument - PlaSte) -
serves as the key instrument for monitoring success within the QSE framework. This database is the repository for all tabular
documents emerging from the national QC/QA process (QC/QA plan, checklists, lists of responsibilities, etc.).

The manner in which these instruments interact in implementation of quality measures within the framework of inventory
preparation is laid out by the figure below.

National System (NaSE)

Objectives Imprc_w'a'nent Tools
activities
Emission Inventory ’ , CSE
- CRF & NIR — Central System on
Emission

TCCCA -~ Data Base
= Transparency and QS E QSE
= Consistency and .

i - Quality System on
= Comparability and Quahty_Sy_stem Emissioﬁs !

on Emissions

= Completeness and - QA / QC procedures

= Accuracy

and

= Timeliness.

b d

'l

Experiences

Specific objectives,
responsibilities and
activities

I

PlaSte

— Planning & Steering tool
= Meta Data Base

v

Experiences & Results

Documentation and archiving

As a general requirement, all data and information used for inventory calculation must be documented (i.e. recorded) and
archived, for each report year. The purpose of such documentation (i.e. recording) is to make it possible to completely
reconstruct all emissions calculations after the fact.
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Consequently, data providers have the obligation to keep records of the following information relative to data they supply to
the German Environment Agency, for purposes of inventory calculations:

Publication/source of activity data and emission factors, with detailed referencing of the relevant table numbers and
names, and of the relevant pages in the original sources;

Survey contents (definitions of the surveyed characteristics, delimitations used, survey units used) and survey
methods;

The legal foundations and ordinances on which surveys are based;

Chronological and spatial comparability with previous-year data, and any changes with regard to definitions, scopes
of validity, cut-off points, sources of activity rates or data collection methods;

e Any revision of previously published data;
e The accuracy or quantitative error of activity data, methods used to estimate errors and the names of experts who

have carried out error estimation.
Secrecy and data protection: suitable notification with regard to any individual data items that are considered secret.

Such materials should be provided to the German Environment Agency on an annual basis, together with pertinent data, and
they are centrally archived by the German Environment Agency both electronically and on paper.
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Chapter 1.3 - Inventory Preparation Process

In Germany, emissions reporting is coordinated by a Single National Entity in the German Environment Agency (UBA). Since
the mid-1990s, when reporting obligations for preparation of emissions inventories of air pollutants and greenhouse gases
increased sharply, efforts to harmonise emissions calculation and reporting have been intensified. At the same time,
requirements from reporting obligations relative to the UNECE Geneva Convention on Long-range Transboundary Air
Pollution and its protocols, to the EU NEC Directive and to EU plant specific reporting obligations, must be considered.

The National System performed according to the requirements of the Kyoto Protocol provides for the preparation of
inventories conforming to the principles of transparency, consistency, comparability, completeness and accuracy. Such
conformance is achieved through extensive use of the methodological regulations provided by international institutions
(UNECE, UNFCCC, IPCC, IPPC). The institutional arrangements are - like for greenhouse gases - as used for the reporting
procedures established under the UNECE Convention and its protocols as well as the European reporting obligations.

The instruments and stakeholder acting in inventory preparation have already been laid out in the previous section
Institutional Arrangements. For even more details on the German national system as well as for the methods and processes
applied for the preparation of the emission inventory please refer to Germany's National Inventory Document (NID) 2024 as
submitted under the UNFCCC. The process of inventory preparation depicted there is exactly the same as the one used for
air pollution emissions. Where differences occur, namely in the use of emission factors, the NFR-specific chapters of this
report will provide further explanation.

In practice, as many experts are involved in the inventory compilation process, an efficient organisation is required. The
major advantage of this concept is the provision of additional expertise for quality control and verifications. The co-operation
with the technical experts responsible for legislation and Best Available Technology (BAT) ensures a detailed technical
knowledge for the inventory compilation process. The knowledge of abatement technologies and limit values is essential for
the evaluation of emission factors. Since the German Environment Agency (UBA) operates several analytical laboratories and
monitoring stations, it is possible to draw on the specialist expertise in order to get a better understanding of measurements
and uncertainties.

Furthermore, the UBA provides expert advice and support for negotiations of National Emission Ceilings, POPs and heavy
metal protocols. The information exchange and co-operation with the competent sections of the UBA facilitates the
identification of key sources and possible gaps within the current emissions reporting.


https://unfccc.int/documents/637995
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Chapter 1.4 - Methods and Data Sources

This chapter elaborates some methodical issues concerning the inventory preparation process. In addition, it lists the main
data sources used for emission calculation. It does not address the calculation methodologies on the detailed level, i.e.
information on tiers and emission factors, these are discussed in the source-specific chapters. As a general rule, Germany
uses many country-specific process information and emission factors where available.

Main data sources

The German air pollution emission inventory is based on a large number of sources and publications. Most of the time these
are specific for certain source categories.

Energy

over-all and stationary combustion

For the energy sector, the most important data sources for determination of activity rates are the “Energiebilanzen der
Bundesrepublik Deutschland” (Energy Balances of the Federal Republic of Germany, hereinafter referred to as: Energy
Balance), which are published by the Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen, AGEB). An
energy balance provides an overview of the links within Germany's energy sector, and it supports breakdowns in accordance
with fuels and source categories. An energy balance receives data from a wide range of other sources. As a result,
publication of energy balances is subject to some delay.

Along with the Energy Balance, the Working Group on Emissions Balances (AGEB) also publishes “Evaluation Tables for the
Energy Balance” (Auswertungstabellen zur Energiebilanz (hereinafter referred to as: evaluation tables). In the area of fuels,
these tables only list those fuels with the highest activity levels and aggregate lower activity levels to form sum values (such
as other solid fuels). Breakdowns according to specific source categories are limited largely to source categories that
consume final energy (such as manufacturing sector or transport). Some source categories are not listed (such as production
of district heat). The evaluation tables are published relatively promptly (in the summer of the relevant subsequent year).
The tables can be used to determine aggregated activities at the source category levels for the most commonly used fuels.
Further disaggregation can be achieved via formation of relevant differences using other statistics.

mobile combustion

Basically, as already mentioned above, annual data on domestic fuel deliveries is available from (i) the National Energy
Balances (as compiled by the Working-Group on National Energy Balances, AGEB) with the specific information on mineral-oil
and its products coming from (ii) the Official Oil Data of the Federal Office of Economics and Export Control (Bundesamt fur
Wirtschaft und Ausfuhrkontrolle - BAFA).

However, to further distribute and allocate the aggregated fuel deliveries onto the different mobile sources, a variety of
models has been developed that are now used for computing the extensive basic data from generally accessible statistics,
special surveys, and measurements.

For road transport (1.A.3.b), railways (1.A.3.c), and inland navigation (1.A.3.d ii) specific activity data and country-specific
implied emission factors at least for regulated pollutants are calculated within TREMOD (“Transport Emission Estimation
Model”; IFEU).

Here, for 1.A.3.b, highly detailled data on annual mileage together with information on fleet composition and new-
registration numbers are applied to to allocate the statistically recorded fuel sales to different vehicle types and classes as
well as the individual Euro standards. A precise description of the data sources for emission factors used within TREMOD for
road transport is provided by the "Handbook of Emission Factors for Road Transport" (version 4.2, 2022).

For estimating emissions from civil aviation (1.A.3.a), specific fuel consumption data for domestic and international flights
further distinguished into landing/take-off (L/TO) and cruise phase as well as corresponding implied emission factors are
derived from TREMOD Aviaton (TREMOD AV), a standalone module of TREMOD using flight data from the German Statistical
Office (Statistisches Bundesamt, DESTATIS).



https://ag-energiebilanzen.de/
https://www.bafa.de/EN
https://www.hbefa.net/e/index.html
https://www.destatis.de/DE/Home/_inhalt.html
https://www.destatis.de/DE/Home/_inhalt.html
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Another model (E.M.M.A. - Emission Modelling for Maritime Activities) is used for national and international maritime
navigation, fishing (1.A.4.c iii) and military navigation (1.A.5.b iii) using ship-specific movement data (AIS) for estimating
specific fuel consumptions and implied emission factors for domestic trips.

Finally, for emissions from offroad vehicles and machinery as used in 1.A.2.g vii, 1.A.4.a ii, b ii and c ii, specific consumption
data and IEF are computed within TREMOD Mobile Machinery (TREMOD MM), yet another standalone module of the
aforementioned TREMOD.

fugitive emissions from fuels

Data for calculating fugitive emissions principially originates from the Association Fuels & Energie (en2x) and the Federal
association of the natural gas, oil and geothermal energy industries (BVEG).

Industrial Processes

Most industrial processes are covered by either the German Statistical Office (DESTATIS) or branch association publications.
These reports are generally available in due time and do have low uncertainty ranges.

Data on product use is drawn from the same sources.

Collaboration between the UBA and DESTATIS have been set on solid ground by agreements of their respective “parent”
authorities, the former Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU, currently BMUV)
and the Federal Ministry of the Interior, Building and Community (BMI) respectively.

Agriculture

For agriculture, emissions calculations are carried out by the Thiinen Institutes (TI). For calculation of agricultural emissions
in Germany, the Federal Ministry for the Environment, Climate Action, Nature Conservation and Nuclear Safety (BMUKN) and
the Federal Ministry of Agriculture, Food and Regional Identity (BMLEH) initated a suitable joint project, in the framework of
which the former Federal Agricultural Research Institute (FAL) developed a modular model for relevant spread-sheet
calculation (GASeous Emissions, GAS-EM). The BMU and BMEL now have a framework ministerial agreement in place for
management of relevant data and information exchange and for operation of a joint database at the UBA and the vTI.

Waste

Finally, reports on waste and waste water again originate from publications by the German Statistical Office (DESTATIS).

More detailed information on data sources is found in the NFR-specific
chapters of this report and in the German National Inventory Document
(NID, see References).



https://www.destatis.de/DE/Home/_inhalt.html
https://www.thuenen.de/en/
https://www.bmu.de/en/
https://www.destatis.de/DE/Home/_inhalt.html
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Chapter 1.5 - Key Categories

The table below shows the key category analysis for the current reporting year. Dominant source categories vary largely for
different pollutants. The key category analysis was carried out in accordance with the EMEP/UNECE guidebook for the base
year (1990/1995/2000) and the actual year. Due to missing information on uncertainties, a tier 1 key category analysis was
selected. Thus, the table gives “L” for category-pollutant combinations being key categories because of the high level of
emissions. “T"” indicates key categories resulting from trend analysis.

Pollutant

g:l?wy NO,|NMVOC|SO,|NH,|PM, ;|PM,,[TSP|BC|CO|Pb|Cd |Hg|As | Cr |Cu| Ni |Se | Zn |PCDD/F|B(a)P|B(b)F|B(k)F|I(x)P|PAH1-4/HCB|PCBs
1.A.l.a LT\ -~ |UT|-/-|LT|LT|LT|-/-|L/-|-/-|L/TIL/TL/TL/TL/TL/T /- LT /- -/- -/- - | -l -/- L/-| LT
1.A.1.b -/- -1~ \Ll~|-I-| - | -~ | -/ |-I-|-I-|-I-|L/-|L/=|L/=)| -/~ | -/ |L/=\LIT| /- | /- -/- IE IE IE -/- - | -
1.A.1.c LT - |(LT|--|-T |- |LT|-/-|-/-|-- |LTLTLTL/TLTL/T -/- LT -/- -/- -/- - | -/ -/- - | /-
1.A.2.a ST /- -/-|--| /- | -/~ | /- [NE|-/-|IE|IE|-/- [NE[NE|NE|[NE|NE|NE| -/ -/- NE | NE | NE -/- NA | NA
1.A.2.b -/- -/- --|--| IE IE | IE[IE|-/-|[IE|IE|IE|IE|IE|IE|IE]|IE|IE IE IE IE IE IE IE IE IE

IE: Energy-related emissions from power plants and boiler systems are reported in NFR 1.A.2.g vii whereas process related emissions aire
LA2.c reported in NFR 2.B.
1.A.2.d IE: Emissions from power plants and boiler systems are reported in NFR 1.A.2.g viii whereas all process-related emissions as well as
e emissions from black liquor incineration are reported in NFR 2.H.1.
1.A.2.e -/- -/- -/-|--| IE | IE | IE |IE|-/-|NE/NE|NE[NE|NE|NE|NE|NE|NE| NE NE | NE [ NE | NE NE NA | NA
1.A.2.f -/- -/ -/-|--| IE | IE | IE [IE|-/- NA|NA|NA[NA|NA|NA NA|NA[NA|[ NA NA | NA | NA | NA NA | NA| NA
1.A.2.9.vii | -/- -/ -l - | - - U - - -/- -/- - | -l -/- NE | NE
1.A.2.g.viii |L/T| -/- |LT|-/-| L/ | - |LT|-/-|-/-|-/-|LI-|LIT|L/T|-/T|-/- |L/T|-/- [L/T| LT -IT IE IE IE -T -- | LI~
L.A.3.a.ii.(i)| -/- /- I - - A - - - - - NE -I- -/- - | - -I- NA | NA
1.A3.a.i.(i) | -/- -/- -\ - - | - - - - - - - - - -] NE -/- -/- - | -l -/- NA | NA
1.A.3.b.i LT| Ut ||| UT|LT| - |LTLTLT| /- |- |- | - |1 - - |- - -/- -/- - | -/ -/- NE | -/-
1.A.3.b.ii L/- -/- S| - | UT LT - \UT - |- - - - /- -l - | - -/- NE | -/-
1.A.3.biii |L/T| -/ - | - | LT | LT o/~ (LT~ - |- = - - - - - - - -/- -/- - | -l -/- NE | -/-
1.A.3.b.iv | -/- -/- -\ A - - A - -/- -/- - | -l -/- NE | -/
1.A.3.b.v NA| L/T |[NA|[NA| NA | NA | NA |NA[NA|NA|NA|NA|NA|NA[NA|NA|NA|NA| NA NA | NA | NA | NA NA | NA| NA
1.A.3.b.vi |NA| NA |NA|NA| L/- | L/-|L/-|L/-|NA|L/-|-/- INA|L/-|L/-|L/T|-/- [L/-|L/T| NA -/- -/- -l- | NE -/- NA | NA
1.A.3.b.vii |[NA| NA [NA|NA| L/- | L/- |L/-|-/-|-/-|-/-|-I-|NA|-/-|-/-|-/-|-/-INE|-/-| NA NA | NA | NA | NA NA | NA| NA
1.A.3.c ST /- S~ | - | L= | L= o = (LU - -I- -/- - | - -I- - | -
1.A.3.di(ii) | IE IE IE|IE | IE IE | IE[IE|IE|[IE|IE|[IE|IE|IE|IE|IE]|IE|IE IE IE IE IE IE IE IE IE
1.A.3.d.ii L/- -/- |l - -/- -/- - | /- -/- - | /-
1.A.3.e.i -/- -/- -/- |NA| -/~ | -/- | -/- [NE|-/- |NA|NA|-/- [NA|NA|NA|NA|NA[NA|[ NA NA | NA | NA | NA NA | NA| NA
1.A.3.e.ii NA| NA [NA|[NA| NA | NA | NA |NA[NA|NA|NA|NA|NA|NA[NA|NA|NA|NA| NA NA | NA | NA | NA NA | NA| NA

NO, NMVOC|SO, NH;(PM, ;|PM,, TSP|BC|CO|Pb|Cd | Hg|As |Cr |Cu| Ni|Se|Zn|PCDD/F|B(a)P|B(b)F|B(k)F|I(x)P[PAH1-4|HCB|PCBs
1.A.4.a.i --| LT |--|--| LT |LT|LT|L/-|L/T|L/-|-/-|-/-|LI-|-/-|-/-|-/- [NE|L/T| L/- L/- | L/~ | L/- | L/ L/- - | -l
1.A.4.a.ii -/- -/- - - - -I- -/- - | -l -/- NE | NE
1.A.4.b.i L-| ot |LT|-/-|LT|LT|LT|L/-L/T| -/ |L/-|L/-|-/-|-/-|-/-|-/-|NE|L/T| L/- LT (LT | LT |(LT| LT |[L/-| -
1.A.4.b.ii -/- -/- -\ ol - | | - - U= - -/- -/- - | /- -/- NE | NE
1.A4.c.i -/- -/- S| - - A - INE - -/- -/- - | - -I- - | -
1.A.4.c.ii L/- -I- - | - | LT | LT o/~ (LT~ ~f- |- =l - - - - - - -/- -/- - | -l -/- NE | NE
1.A.4.c.iii -/- -/- -\ A - | - A - -/- -/- - | -/ -/- |- | --
1.A.5.a - | LT |- || -[-| - |-/-|--|-/-|NE|NE|-/- |[NE|NE|NE|NE[NE|NE| -/- - | AT | -I- -/- | NE
1.A.5.b -/- /- -l | A A - -/- -/- - | -l -/- - | -
1.B.1.a NA| -/~ |NA|[NA| -/- | -/T | -/- INA|NA|NA|NA[NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA | NA NA | NA| NA
1.B.1.b -/- -/- -/~ | -/~ | /- | /- |LIT|-/-|-/-|NA|NA|-/- [NA|NA|NA[NA|NA|NA| -/- LT | T [T |-T| LT |NA| NA
1.B.1.c NA NA NA|[NA| NA | NA | NA NA|NA/NA NANA|NA|NA|NA[NA|NA[NA| NA NA NA NA | NA NA NA | NA
1.B.2.a.i NA| -~ |NA|[NA| NA | NA | NA |NA|/NA|NA|NA|-/- INA[NA[NA[NA[NA[NA| NA NA | NA | NA | NA NA | NA| NA
1.B.2.a.iv | -/- /- -/- |NA| NA | NA | NA [NA|NA|NA|NA|NA[NA|NA|NAINA|NA[NA|[ NA NA | NA | NA | NA NA | NA| NA
1.B.2.a.v NA -/- NA|[NA| NA | NA | NA |NA/NA/NA| NANA|NA|NA|NA[NA|NA[NA| NA NA NA NA | NA NA NA | NA
1.B.2.b -/- -/- -/- |NA| NA | NA | NA [NA|-/- [NA|NA|-/- [NA|NA|NA|NA|NA[NA|[ NA NA | NA | NA | NA NA | NA| NA
1.B.2.c -/- /- -/- |NA| /- | -/~ | -/~ |-/-|-/- |NA|NA| -/- [NA|NA|NA|NA|NA[NA|[ NA NA | NA | NA | NA NA | NA| NA
1.B.2.d NA NA NA|[NA| NA | NA | NA |NA|NA/NA NA|NA|NA|NA|NA[NA|NA[NA| NA NA NA NA | NA NA NA | NA
2.A.1 -/- -/- </~ |- | -[T | -[T | -/- |NE|-/-|-/-[-/-|L/I-|NE|NE[NE[NE|NE|NE| -/- -/- IE IE IE -/- NA | -/-
2.A.2 -/- /- -/- | IE | -/~ | -/- | /- [NE|-/- [NA|NA|NA[NA|NA|NA NA|NA[NA|[ NA NA | NA | NA | NA NA | NA| NA
2.A.3 /- - |L/-| -/~ | - | -/- | -I- [NE|-/-|-/-| /- |NA|-/-|-/-|-/-| /- |LIT|-/-| NA NA | NA | NA [ NA NA | NA| NA
2.A.5.a NA| NA [NA|[NA| L/- |L/T|L/-|NA[NA|NA|NA|NA|NA|NA[NA|NA|NA|NA| NA NA | NA | NA | NA NA | NA| NA
2.A.5.b NA| NA [NA[NA| -/~ | L/T|L/-|NA[NA[NA|NA|NA|NA|NA[NA|NA|NAINA| NA NA | NA | NA | NA NA | NA| NA
2.A.5.c IE IE IE|IE| IE | IE |IE|IE|IE[IE|IE|IE|IE|IE|IE|IE]|IE|IE IE IE IE IE IE IE IE | IE
2.A.6 -/- -/- /- | -/-| - | /- | L/- [NA|IE |NE|NE|NE[NA|NA|NA NA|NA[NA|[ NA NA | NA | NA | NA NA | NA| NA

NO,/NMVOC|SO, NH,|PM, ;|PM,,TSP|BC|CO|Pb|Cd |Hg|As|Cr|Cu| Ni|Se|Zn|PCDD/F|B(a)P|B(b)F|B(k)F|I(x)P|PAH1-4 HCB|PCBs
2.B.1 -/- NA | NA| -/~ | NA | NA | NA [NA|-/- [NA|NA|NA[NA|NA|NA|NA|NA|NA| NA NA | NA | NA | NA NA | NA| NA
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2.B.2 -/- NA |NA|NA| NA | NA | NA |NA|NA|NA/NA|NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.B.3 ~/- NA |NA|NA| NA | NA | NA|NA|-/- /NA|NA|NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.B.5 NA|[ NA |NA|NA| -/- | -/- | -/- INA|NA|NA|NA[NA|NA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.B.6 -/- NA | -/- | NA|[ NA | NA | -/- INA|-/- /NA|NA|NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.B.7 NA|[ NA |NA|-/-| NE | NE | -/- INE[NA|NA|NA[NA|NA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.B.10.a NA -/- L/-| -/~ | -/~ | /- | -/~ | -/-|-/-INA|NA|-/- |[NA[NA|NA|NA[NA|[NA| -/- NA | NA | NA | NA NA NA | NA
2.B.10.b NA -/- NA|NA| IE | IE | IE |[NE/NA|NA/NA|NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.C.1 L/- -/- L/-| -/- | L/T | L/T | L/- |NE|L/-|L/T|L/T|L/T|NE [L/T|NE| -/- [NE|NE| L/T NE | NE | NE | NE L/T |L/-| LT
2.C.2 NE[ NE |NE|NA| -/- | -/- | -/- INE|NE|NE|NE|NE|NA[NE|[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.C.3 -/- NE </~ [NA| - | /- | -- [NE|-/-|-/-[-/-|-/-|NA|NA[NA[NA|NA|NA| -/- ST | - | AT - -/- LT| -
2.C.4 NO| NO [NO|NO| NO | NO | NO |[NO|NO|NO|NO|NO|NO|NO|NO|NO|NO|NO| NO NO [ NO | NO | NO NO | NO | NO
2.C.5 NA|[ NA |-/~ |NA| -/- | -/- | -/- INE|NA|-/-|-/-|-/-|-/- |NA|-/- [NA|NE| -/- -/- NA | NA | NA [ NA NA NA | LT
2.C.6 NA|[ NA |-/ |[NA| -/- | -/- | -/- INE|NA|-/-|-/-|-/-|-/- [INA[NA[NA|NE|L/-| -/- NA | NA | NA [ NA NA NA | LT
2.C.7.a NA|[ NA |-/ |NA| -/- | -/- | -/- INE|NA|-/- |L/T|-/- [L/-|NA|-/T|NE|NE| -/- -/- NA | NA | NA | NA NA -/- -
2.C.7.b NE| NE -/- |NE| NR | NR | -/- INR|NE|NE|NE|NE|NE[NE|NE|-/- [NE[NE| NE NE | NE | NE | NE NE NE [ NE
2.C.7.c NA|[ NA |NE|NA| -/- | -/- |L/T/NE/NA|NA/NA[NA|NA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.C.7.d IE IE IE|IE| IE | IE |IE|IE|IE|IE|IE|IE|IE|IE|IE|IE|IE|IE IE IE IE IE IE IE IE | IE
2.D.3.a NA| L/~ |NA|[NA| NA | NA | NA | NA|/NA|NA/NA[NA|NA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.D.3.b -/- /- -- |NA| -/- | -/- | -/- [NE| IE [NA|NA|NA|NA|NA|NA|NA|NA|NA| NA NE | NE | NE | NE NE NA | NA
2.D.3.c NA -/- NA[NA| -/- | -/~ | -/- INA|NA|NA|NA|NA|NA|NA|NA[NA[NA|NA| NA NE | NE | NE | NE NE NA | NA
2.D.3.d NA|[ L/T |NA|NA| NA | NA | NA |NA/NA|NA/NA[NA|NA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.D.3.e NA| L/T |NA|NA| NA | NA | NA|NA/NA|NA|NA[NA|NA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.D.3.f NA -/- NA|NA | NA | NA | NA |NA|NA|NA|NA|NA|NA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.D.3.9 NA| L/~ |NA|NA| NA | NA | NA |NA|NA|NA|-/- [NA[NA|-/- [NA|-/-|-/-[NA| NA NA | NA | NA | NA NA NA | NA
2.D.3.h NA| L/T |NA|NA| NA | NA | NA|NA/NA|NA|NA[NA|NA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.D.3.i NA|[ L/T |NA|[NA| NA | NA | NA NA|/NA|NA/NA[NA|NA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.G -/- L/- -/~ | -[-| L~ | L/-| -/~ |-/-|-/-| /- |LI-INA[NA|-/- | /- | /- | -[- | -/ /- -/- -/- |- | - -/- -/- | NA
NO,/NMVOC|SO, NH,|PM, ;|PM,,TSP|BC|CO|Pb|Cd |Hg|As|Cr|Cu| Ni|Se|Zn|PCDD/F|B(a)P|B(b)F|B(k)F|I(x)P|PAH1-4 HCB|PCBs
2.H.1 -/- /- -/- |NE| -/- | -/- | -/- INE|-/- INA|NA[NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.H.2 NA -/- NA[NA| -/- | -/- | -/- INE|NA|NA|NA|NA|NA|NA|NA|NA|NA|NA| NA NA | NA | NA [ NA NA NA | NA
2.H.3 NA|[ NA |NA|[NA| NA | NA | NA | NA|NA|NA/NA[NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
2.1 NA -/- NA[NA| -/- | -/- | -/- [NE| IE [NA|NA|NA|NA|NA|NA|NA|NA|NA| NA NA | NA | NA [ NA NA NA | NA
2) NO: There is no POP-production occuring in Germany.
2.K NA|[ NA |NA|[NA| NA | NA | NA | NA|/NA|NA/NA[NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NE
2.L NA[ NA |NA|NA|L/T | L/T|L/T NE/NANA/NA[NAINA[NA[NA[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.B.1.a -/- L/- [NA|L/-| L/- | -/- | -/- [NA|NA[NA|NA[NA|NA[NA|NA|NA|NA|NA| NA NA | NA | NA [ NA NA NA | NA
3.B.1.b -/-| LT |NA|L/T| -/- | -/- | -/- INA|NA|NA|NA|NA|NA[NA[NA|NA|[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.B.2 -/- -/- NA| -/- | -/- | -/- | -/- [INA|NA|NA|NA|NA|NA|NA|NA|NA|NA|NA| NA NA | NA | NA [ NA NA NA | NA
3.B.3 -/- -/- NA|L/T| -/- | -/- | L/- INA|NA|NA|NA|NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.B.4.a IE IE NA| IE [ IE | IE | IE INA|NA|NA/NA|NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.B.4.d -/- /- NA| -/-| -/- | -/- | -/- [INA|NA|NA|NA|NA|NA|NA|NA|NA|NA|NA| NA NA | NA | NA [ NA NA NA | NA
3.B.4.e -/- /- NA|L/-| -/- | -/- | -/- INA|NA|NA|NA|NA|NA|NA|NA[NA[NA|NA| NA NA | NA | NA [ NA NA NA | NA
3.B.4.f IE IE NA| IE [ IE | IE | IE INA|NA|NA/NA|NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.B.4.9.i -/- /- NA| -/- | -/- | -/- | L/- |NA|NA|NA|NA|NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.B.4.g.ii -/- /- NA| -/~ | -/- | -/~ | -/- INA|NA|NA|NA|NA|NA|NA|NA[NA|NA|NA| NA NA | NA | NA [ NA NA NA | NA
3.B.4.g.iii | -/ /- NA| -/- | -/- | -/- | -/- INA|NA|NA|NA|NA|NA|NA|NA|NA|NA|NA| NA NA | NA | NA [ NA NA NA | NA
3.B.4.9.iv | -/- -/- NA| -/-| -/- | -/- | -/- [INA|NA|NA|NA|NA|NA|NA|NA|NA|NA|NA| NA NA | NA | NA [ NA NA NA | NA
3.B.4.h -/- -/- NA| -/~ | -/- | -/~ | -/- INA|NA|NA|NA|NA|NA|NA|NA[NA|NA|NA| NA NA | NA | NA [ NA NA NA | NA
3.D.a.1 L/T| NA |NA|L/T| NA | NA [ NA [NA|NA[NA[NA|NA[NA|NA|NA|NA|NA|NA| NA NA | NA | NA [ NA NA NA | NA
3.D.a.2.a L/- IE NA|L/T| NA | NA | NA|NA|NA|NA/NA|NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.D.a.2.b -/- NA |NA| -/- | NA | NA | NA |NA|NA|NA|NA|NA/NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.D.a.2.c -/- NA |NA|L/T| NA | NA | NA |NA|NA|NA/NANA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.D.a.3 -/- IE NA| -/- | NA | NA | NA |NA|NA|NA|NA|NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
NO,/NMVOC|SO, NH,; PM, ;|PM,,TSP|BC|CO|Pb|Cd |Hg|As|Cr|Cu| Ni|Se|Zn|PCDD/F|B(a)P|B(b)F|B(k)F|I(x)P|PAH1-4 HCB|PCBs
3.D.a.4 NA|[ NA |NA|-/-| NA | NA | NA NA/NA|NA/NA[NA|NA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.D.b NA|[ NA |NA|[NA| NA | NA | NA | NA|NA|NA/NA[NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.D.c NA|[ NA |NA|NA| L/- | L/- | L/- /NA|NA|NA|NA[NA|NA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.D.d NA|[ NA |NA|[NA| NA | NA | NA | NA|NA|NA|NA[NAINA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.D.e NA -/- NA|NA|[ NA | NA | NA |NA|NA|NA|NA|NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
3.D.f NA|[ NA |NA|NA| NA | NA | NA |NA/NA|NA/NA[NA|NA[NA[NA|[NA[NA[NA| NA NA | NA | NA [ NA NA L/- | NA
3.F NO: Field burning of agricultural residues is not occuring in Germany.
3. -/- NA |NA| -/- | NA | NA | NA |NA|NA|NA|NANA/NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
5.A NA -/- NA[NA| -/- | -/- | -/- [INA|NA|NA|NA|NA|NA|NA|NA|NA|NA|NA| NA NA | NA | NA [ NA NA NA | NA
5.B.1 NA|[ NA |NA|-/-| NA | NA | NA NA/NA|NA/NA[NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
5.B.2 NA|[ NA |NA|-/-| NA | NA | NA NA/NA/NA/NA[NA|NA[NA[NA|NA[NA[NA| NA NA | NA | NA [ NA NA NA | NA
5.C.1.a NO
5.C.1.b.i NO
5.C.1.b.ii NO
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5.C.L.b.iii NO
5.C.1.b.iv NO

5.c.Lbwv [ -| - [+ [NA[ -+ | - [~ [NE[--[--[+[--[NE[NE[NE[NENE[NE] - [ - [ - [ NE [ - [ - [
5.C.1.b.vi NO

5.C.2 -1 [ NEL - [ [ [ [ [ [ INENE - [ [ [ - - ] ] [+ [+ 4 [Ne[ NE
5.D.1 NA| -~ |NA|[NA| NA [ NA | NA|NA[NA[NA/NA[NA[NANA|NA[NANA|NA| NA | NA | NA [ NA [NA| NA [NA| NA
5.D.2 NA| -~ [NA[NA| NA [ NA [ NA|NA|[NA[NA/NA[NA[NA|NA|NA[NA[NA|NA| NA | NA | NA [ NA [NA| NA [NA| NA
5.D.3 NO

5.E NE[ NE [NE[NE[ L/~ | L[ [LR[NE] [ [[--[--[--[NE[NE[NE] /- | NE [ NE | NE [NE| NE [NE]| NE
6.A NA| NA [NA[--| NA [ NA | NA|NA[NA[NA/NA[NA[NA|NA|NA[NA[NA|NA| NA | NA | NA [ NA [NA| NA [NA[ NA

L/-|key source by Level only
-/T|key source by Trend only
L/T|key source by both Level and Trend
-/- |no key source for this pollutant
IE |emission of specific pollutant Included Elsewhere (i.e. in another category)
NE |emission of specific pollutant Not Estimated (yet)
NA [specific pollutant not emitted from this source or activity = Not Applicable
* no analysis done

Qualitative criteria to identify Key Categories

According to guidebook section 2.4.3 parties to the convention have to assess qualitative criteria to identify key categories.
The German inventory has been carefully checked and it was found that no additional categories need to be marked as key
categories.

Key Categories and Inventory Improvements

The results of the KCA, as presented above, are carefully checked each year and are an integral part of both the inventory
planning and the QA/QC activities. Key categories receive greater attention when quality control measures are taken and
their methods are regularly checked for appropriateness. Where needed, key categories are more likely to have research
funded that aims at moving them to a higher tier method.


https://iir.umweltbundesamt.de/2026/general/planned_improvements/start
https://iir.umweltbundesamt.de/2026/general/planned_improvements/start
https://iir.umweltbundesamt.de/2026/general/quality_verification/start
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Chapter 1.6 - QA/QC and Verification Methods

The Quality System for Emission Inventories and it’s contribution to
UNECE/CLRTAP reporting

The German Quality System for Emission Inventories (QSE) originally was designed to serve the purposes of emission
reporting under the UN Framework Convention on Climate Change (UNFCCC).

It takes account of provisions of the 2006 IPCC (Intergovernmental Panel on Climate Change) Guidelines, Volume 1,
Chapter 6: General Guidance and Reporting (GGR) ”, of national circumstances in Germany and of the internal
structures and procedures of the German Environment Agency (UBA), the reporting institution.

Thus it can be assumed that by adopting the IPCC Guidelines, the UNECE/CLRTAP seriously facilitated the task of developing
a QC/QA system for the reporting of air pollutants. It is likely that all QSE procedures are flexible enough to be able to
routinely incorporate these demands in the future as well.

The QSE is designed to cover all participants of the National System on Emissions (NaSE) which are mostly identical to those
responsible for the reporting of air pollutants.

Within the German Federal Environment Agency (UBA), the appliance of the QSE and its procedures has been made
mandatory for UNFCCC reporting by an internal directive (UBA-Hausanordnung 11/2005). The adoption of the QSE’s
approach will be useful for CLRTAP reporting too but its implications have to be considered carefully (mostly due to human
resources), which is why the appliance of QSE procedures is partly outstanding. Currently few parts are used for reporting
under CLRTAP, (see below, “Current State”).

The requirements pertaining to a system for quality control and quality assurance (QC/QA system) and to measures for
quality control and quality assurance are defined primarily by Chapter 6 of the 2006 IPCC GL, Volume 1: GGR 2.

From those provisions, the German Environment Agency derived “General requirements pertaining to quality control
and quality assurance in connection with greenhouse-gas-emissions reporting”. It is assumed that these
requirements completely apply for CLRTAP reporting, too. Therefore, they are briefly given in the following to depict the
necessary though partly outstanding trail of action for the development of a consistent QC/QA system under UNECE/CLRTAP.

Main demands

The 2006 IPCC Guidelines require that QC/QA systems be introduced with the aim of enhancing transparency, consistency,
comparability, completeness, accuracy and timeliness and, especially, that such inventories fulfill requirements pertaining to
“good inventory practice”.

A QC/QA system comprises the following:

e an agency responsible for coordinating QC/QA activities,
e development and implementation of a QC/QA plan,
e general QC procedures,
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e source-category-specific QC procedures,
e QA procedures,

e verification activities,

e reporting procedures,

e documentation and archiving procedures

Agency responsible for coordinating QC/QA activities

A Single National Entity (national coordinating agency) is responsible for the QC/QA system.

The German Single National Entity is established in the German Environment Agency (Umweltbundesamt - UBA). In
executing its function, it is good practice to establish the position of a coordinator for the Quality System to be developed. A
QC/QA coordinator has responsibility for ensuring that a relevant QC/QA system is developed and implemented. Such
implementation should be suitably institutionalised - for example by means of an in-house directive or association
agreements.

QC/QA plan

The purpose of a QC/QA plan is to ensure that QC/QA measures are properly organised and executed. It includes a
description of all required QC/QA measures and a schedule for implementation of such measures. It also defines the primary
emphasis of such measures.

Good practice calls for establishing a QC/QA plan and then reviewing and updating it each year after the latest inventory has
been prepared. On the basis of the results of annual inventory review, the results of QC/QA measures and other informations
of which it is aware, the Single National Entity aims to prepare an improvement plan for the entire inventory. On this basis,
in turn, it will then derive proposals for a binding inventory plan for the next year to be reported.

General quality control

Pursuant to the definition used by the 2006 IPCC GL (Volume 1: Chapter 6.1)”, quality control (QC) comprises a system of
routine specialised measures for measuring and checking the quality of inventories in preparation.

Requirements pertaining to general (formerly so called Tier-1) QC procedures can be derived from the requirements
mentioned in Chapter 6.6, especially Table 6.1 which includes a complete list of general QC measures.

Required quality controls and their results should be recorded and not all quality controls have to be carried out on an
annual basis. It should be ensured that all source categories undergo detailed quality control at least periodically.

Source-category-specific quality control

In addition to undergoing general procedures, particularly relevant source categories (such as key sources), available
resources presupposed, should undergo category specific (formerly so called Tier2) quality control with regard to
determination of activity data, emissions and uncertainties (cf. Chapter 6.7; GGR). It should be noted that according to
UNFCCC Reporting Guidlines, these measures are not mandatory.

The chapters of the 2006 IPCC GL that pertain to the various individual source categories (Volumes 2 to 5) include additional
information relative to source-category-specific QC measures. Such guidelines should be considered in preparation of a
QC/QA plan.

Quality assurance procedures

While the primary aim of quality control is to ensure that methods are correctly applied, the primary purpose of quality
assurance is to examine methods and data as such and improve or correct it as necessary.

Pursuant to the relevant IPCC definition (Chapter 6.1; GGR), measures for quality assurance (QA) are based “on a planned
system of reviews by persons who are not directly involved in preparing the inventory. Such reviews - which are best carried
out by independent third parties - should be applied to completed inventories, after QC procedures have been carried out.
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The required instrument for quality assurance is the annual “basic” peer review, though additional audits on “strategic
points of the inventory” should also be conducted.

Verification activities

According to the Chapter 6.10 of Volume 1 - General Guidance and Reporting of the 2006 IPCC Guidelines, “verification
activities” refer to emission estimates only.

Verification activities for emission factors and activity data are subsumed under the headword and chapter “quality control”,
which is a somewhat confusing approach. Nevertheless, and by leaving this peculiarity aside, verification, next to QC, is
undoubtedly one key to ensure confidence and reliability of the estimates, corresponding emission factors and activity data.

Reporting procedures

The Single National Entity is responsible for initiating, coordinating and globally organising reporting. Provision of data and
reports by third parties must conform to applicable requirements pertaining to the scope, form and scheduling for such
provision.

Documentation and Archiving

As a general requirement, all data and information used for inventory calculation must be documented (i.e. recorded) and
archived, for each report year. The purpose of such documentation (i.e. recording) is to make it possible to completely
reconstruct all emissions calculations. The general requirements pertaining to documentation and archiving for the entire
process of of inventory preparation are described in Chapter 6.10.1 of the 2006 IPCC GL GGR.

Consequently, data providers have the obligation to keep records information relative to data they supply to the UBA for
purposes of inventory calculations.
Information to be recorded by the institution supplying the pertinent data include:

the types of quality control,

the dates on which those measures were carried out,

the pertinent results,

and

the corrections and modifications triggered by quality control measures.

Providers of emissions calculations are obliged to record the calculation methods and the rationale for their appliance.
Calculation models, -files and -software, as well as the assumptions and criteria for the appliance of activity data and
emission factors and their references have to be archived.

Moreover, quality assurance (QA) and confidentiality issues for data secrecy have to be archived.

Current state

Information regarding the UBA's current organisational measures for implementing the requirements given above is
provided in the following.

Structural organisation - Role concept
Within the QSE framework, a concept was developed that defines binding responsibilities inside the German Environment

Agency for the implementation of the necessary QC and QA measures.

The purpose of defining roles and responsibilities is to facilitate the effective information exchange and the directive-
conformal execution of QC and QA.

The following roles are also used for reporting under CLRTAP but not yet on the same mandatory basis as established for
GHG reporting.
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e source (NFR) specific expert
e tasks: compilation and entry (into the CSE) of activity data (AD)

i- i Specialised expert at the operational level (FV)

— Quality control manager (QKV)
@ e superior of the FV

e tasks: checking and approving of activity data

Specialized contact person (source-category specific, FAP)

e member of the Single National Entity

e tasks: checking of AD, compiling emission factors; data entry (into
CSE) & calculation; preparation of texts; facilitation of specialised
and technical support (inventory work and reporting).

IIR co-ordinator (IIRK)

e member of the Single National Entity
e tasks: co-ordination of IIR editing; establishing the framework for
preparation of the IIR from the various relevant contributors.

CSE co-ordinator (ZSEK)

e member of the Single National Entity
e tasks: ensuring database integrity; compilation of NFR tables

NaSE co-ordinator (NaSEK)

e member of the Single National Entity
e tasks: co-ordination of reporting activities; final emissions reporting
(upload of IR & NFR tables to CDR).

QSE co-ordinator (QSEK)

e member of the Single National Entity
e tasks: co-ordination of entire QSE and QA/QC activities; provision of
QSE checklists.

S S e S

Current workflow management

The workflow specified by the QSE is also applied for activity data and, additionally, emission factors for NFR 3 - Agriculture.
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However, in contrast to UNFCCC GHG reporting, no administrative agreement with the data-providing institution is in place
yet.

Moreover, these parts of the adopted design are altered to serve the purposes of UNECE/CLRTAP reporting in the present
state. For example, FVs are currently responsible for compiling, entry (into the CSE data base) and, if necessary, the
calculating of activity data but, in contrast to GHG reporting under UNFCCC, not for compiling of emission factors.

NATIONAL NaSE co-
EMISSIONS ordinator

submission

INVENTORY (NaSEK) (IR}

IR co-
ordinator

(category specific)
contact person

(FAP)

CSE co-

ordinator
CSE data

Reporting base (CSEK) Reporting

require- require-
ments and ments and

further feedback, feedback, further
. . corrections corrections . \
information IR information

input

/

input

expert|s) responsible for specific & expert|s) responsible for specific area
area or category at operational level ? or category at operational level

(Fv)

(Fv)

Figure: QSE - Roles, responsibilities and workflow
General and category-specific quality control (QC)
As all activity data (except for the handling of bulk products) are also applied for UNFCCC GHG reporting, the same general

and category-specific quality control of the QSE is already in force for activity data within the UNECE/CLRTAP reporting.

The quality of these activity data is supervised by the appliance of QC checks via special QSE checklists mandatory for all
partcipants. The QSE checklists cover the set of general QC measures given in Table 6.1 of the 2006 IPCC GL GGR plus
additional category-specific measures for key-category-specific quality control.

The QSE checklists are to be filled in annually throughout the whole inventory regardles whether or not a specific NFR
category is a key source for emissions and by FV, FAP, and QKV consecutively.

Quality assurance (QA)

Data, methods and estimates are generally derived by staff (FV) who are not member of the Single National Entity (see
“Structural organisation - Role concept”). The quality-related activities to be performed by the FV are limited to quality
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control (QC).

QA tasks are to be performed by the following roles, starting with the QKV (internal QA). The tasks are given within the
already mentioned consecutive and successive QSE checklists for FV, QKV and FAP relying on reviewing and checking of
finalized estimates and data. Within these checklists, each role/participant has it's own set of QA checks.

The FAP, as a member of the Single National Entity, is the first role that is not directly involved in activity data preparation
(external QA) so a “basic annual peer review” is conducted by the FAP. QA independence is guaranteed henceforward.

The QA checks are carried out annually and for the entire emissions inventory.

More intense peer reviews are undertaken whenever necessary and are performed by national experts and, in most cases,
conducted by means of a national workshop.

As mentioned above, as all activity data (except for the handling of bulk products) are also applied for UNFCCC reporting,
the same QA procedures are already in force for activity data within the UNECE reporting.

1213 IpCC (2006): 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 1, General Guidance and
Reporting: Chapter 6 - Quality Assurance/Qualitiy Control and Verification;
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/1_Volumel/V1l_6_Ch6_QA QC.pdf


https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/1_Volume1/V1_6_Ch6_QA_QC.pdf
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Chapter 1.7 - General Uncertainty Evaluation

Introduction
a0 e
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Uncertainties are a key part of any emission inventory effort. Recording and assessing the inevitable errors made in
estimating emissions allows for the inventory team to direct their attention as well as for the public and the scientific
community to work with the results presented. Germany employs the statistical approaches as defined in the EMEP/EEA
Guidebook to evaluate its inventory's uncertainties. The Guidebook offers two methods for the combination of individual
source uncertainties to the level of categories and national totals, namely error propagation (EP, tier 1) and Monte Carlo
simulation (MC, tier 2). Although Germany presents all results from both approaches here, the MC values are generally
considered to represent the actual confidence interval more precisely.

An important aspect of an uncertainty analysis concerns the ways on how to express the uncertainties associated with
individual estimates or the total inventory. It is recommended to use the same quantity to express uncertainty in a LRTAP
Convention inventory as required in a greenhouse gas inventory, namely the 95% confidence interval. The confidence
interval is specified by the confidence limits defined by the 2.5 percentile and 97.5 percentile of the cumulative distribution
function of the estimated quantity, that means that there is a 95% probability that the actual value of the quantity estimated
is within the interval defined by the confidence limits. For a normal distribution, the 95% confidence interval lies between £2
standard deviations around the mean.

The data presented in this chapter are derived from the work of the emissions inventory experts contributing to the German
emission inventory, who picked a confidence interval and a probability distribution function for each of the ~2,000 activity
data and ~20,000 emission factor time series employed. In practice, every time series receives a metadata record in the
database comprised of upper limit, lower limit and distribution function as well as an uncertainty information source
reference (e.g. EEA/EMEP GB 2023, other literature or expert judgement). However, while uncertainties are currently
considered separately for each individual time series, they remain static for each series across years. On this basis, the
combination approaches described above are used to derive uncertainty information at the level of categories and national
totals.

Uncertainty overview

Germany currently reports detailed uncertainty information for five pollutants: NO,, SO,, NMVOC, NH, and PM, .. While
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detailed spreadsheet tables are available for download below, the following table offers a quick overview and comparison
per pollutants at the level of the national totals:

SZZf[kt] [2&2]4 '[I;;:;nd Method Base yealiol/ir]lcertalnty 2024 uncertainty [%] Trend u{l:/ilertalnty

NO, 2.850 | 809 | -71,6 EP +11,1 +16,4 +8,6
MC -68 | +104 91 | +16,2 78 | +106

SO, | 5461 | 199 | -96,4 EP +8,7 +8,1 +1,3
MC 81 | +89 68 | +7,0 14 | +14

NMvOC| 3.942 | 953 | -75,8 EP +18,3 +36,9 +21,0
MC 2100 | +16,9 17,2 | +343 154 | 4253

NH, | 827 | 528 | -362 EP +10,1 +10,0 +10,4
MC 94 | +10,1 85 | +91 355 | +395

PM,, | 196 | 74 -62,0 EP +14,4 +27,0 +14,5
MC 92 | +11,0 17,5 | +208 12,4 | +14,8

Uncertainties per pollutant

The sections below detail pollutant specific uncertainty interpretations and show the values in the context of the pollutant's
emissions and trends.

NOx

NOx emissions 1990-2024

Uncertainty range given as 95% confidence interval, range: 490kt (1990) - 205kt (2024)

1990 1991 1992 1993 1994 1995 199 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Compared to other pollutants, NO, emission uncertainties are moderate. The national total has a 95% confidence interval of
about -9.1% to +16.2% in 2024, which amounts to about 205kt of NO,. Interestingly, with NO,, the differences between the
two approaches in uncertainty combination (EP and MC) are particularly visible. This is because of the highest contributing
sector 3.D - Agricultural Soils, where emissions and uncertainties are high (> +200%) and, crucially, do not follow a normal
distribution. Therefore, only the MC simulation, which takes the log-normal distribution of these emissions into account,
correctly reflects this source, while the EP yields unrealistic high uncertainties at about 16.4% in both directions.

Using the MC simulation, the top three contributors to the overall uncertainty are 3.D.a.1 - Inorganic N-fertilizers, 3.D.a.2.a -
Animal manure applied to soils and 3.D.a.2.c - Other organic fertilisers applied to soils. 1.A.3.b i - Road transport: Passenger
cars and 1.A.4.b.i - Residential: Stationary are other important sector in regard to NO, overall uncertainties. Please refer to
the spreadsheet file for details.

$02



https://iir.umweltbundesamt.de/2026/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2026/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2026/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2026/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2026/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/passenger_cars
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/passenger_cars
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/small_combustion/stationary_small_combustion/residential
https://iir.umweltbundesamt.de/2026/_media/general/uncertainty_evaluation/uncertainty_details_nox.xlsx
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SO2 emissions 1990-2024

Uncertainty range given as 95% confidence interval, range: 930kt (1990) - 30kt (2024)

1990 1991 1992 1993 1994 1995 1995 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 ~ 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

SO, emissions are mainly emitted by stationary combustion plants. Since those are heavily regulated and fuel sulphur
contents are generally well known, uncertainties in SO, emissions are low. The national total has a 95% confidence interval
of about -6.8% to +7.0% in 2024, which amounts to about 30kt of SO,. The top contributing sector to the SO, uncertainties is
1.A.1.a - Public Electricity And Heat Production, followed by a rather big margin by 1.A.1.b - Petroleum Refining, 1.A.4.bi -
Residential: Stationary Combustion, as well as 2.C.1 - Iron and Steel Production. All data is available in the spreadsheet file.

NMVOC

NMVOC emissions 1990-2024

Uncertainty range given as 95% confidence interval, range: 1060kt (1990) - 490kt (2024)

2,000
1500
-

1.000 R’x

o
1990 1991 1992 1993 1994 1995 199 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

NMVOC emissions and trends are driven by solvent use. While solvent contents of most products are well known, application
context and use statistics introduce significant model error bars. Agriculture emissions of NMVOC are, while not very high in
value, very uncertain and also contribute to the overall error margins. In sum, NMVOC emissions show moderate to high
uncertainty. The national total has a 95% confidence interval of about -17.2% to +34.3% in 2024, which amounts to about
490kt of NMVOC. In order of significance, the top five contributors are 3.B - Manure Management - Dairy cattle, 3.B.1.b
Manure management - Non-dairy cattle and 2.D.3.a - Domestic Solvent Use, including Fungicides. As with the other
pollutants, details are to be found in the spreadsheet file.

NH3

NH3 emissions 1990-2024

Uncertainty range given as 95% confidence interval, range: 160kt (1990) - 95kt (2024)

1990 1991 1992 1993 1994 1995 199 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Uncertainty in the NH, emission national total is moderate and mainly caused by agriculture sources, in particular 3.D.a.2.a -
Animal manure applied to soils. 3.D.a.3 - Urine and Dung deposited by Grazing Animals, 3.B.3 - Manure management - Swine
and 3.D.a.2.c - Other Organic Fertilisers applied to Soils (including Compost) do also play significant roles. The national total
has a 95% confidence interval of about -8.5% to +9.1% in 2024, which amounts to about 95kt of NH,. You can drive your
own analysis with the numbers found in the spreadsheet file attached.


https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/energy_industries/public_electricity_and_heat_production
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/energy_industries/petroleum_refining
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/small_combustion/stationary_small_combustion/residential
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/small_combustion/stationary_small_combustion/residential
https://iir.umweltbundesamt.de/2026/sector/ippu/metal_production/iron_and_steel_production/start
https://iir.umweltbundesamt.de/2026/_media/general/uncertainty_evaluation/uncertainty_details_so2.xlsx
https://iir.umweltbundesamt.de/2026/sector/agriculture/manure_management/start
https://iir.umweltbundesamt.de/2026/sector/agriculture/manure_management/start
https://iir.umweltbundesamt.de/2026/sector/agriculture/manure_management/start
https://iir.umweltbundesamt.de/2026/sector/ippu/other_solvent_and_product_use/domestic_solvent_use/start
https://iir.umweltbundesamt.de/2026/_media/general/uncertainty_evaluation/uncertainty_details_nmvoc.xlsx
https://iir.umweltbundesamt.de/2026/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2026/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2026/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2026/sector/agriculture/manure_management/start
https://iir.umweltbundesamt.de/2026/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2026/_media/general/uncertainty_evaluation/uncertainty_details_nh3.xlsx
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PM2.5

PM2.5 emissions 1995-2024

Uncertainty range given as 95% confidence interval, range: 40kt (1995) - 30kt (2024)

200

150

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 ~ 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

PM, . emissions are associated with high uncertainties. The national total has a 95% confidence interval of about -17.5% to
+20.8% in 2024, which amounts to about 30kt of PM, . Three sectors contribute the bulk of these errors: 1.A.4.b.i -
Residential: Stationary Combustion, 3.D.3 - Farm-level Agricultural Operations and 2.L - Other production, consumption,
storage, transportation or handling of bulk products. Please refer to the spreadsheet file for details.

Other pollutants

There is currently no uncertainty assessment for additional air pollutants, heavy metals and POPs. Germany seeks to expand
the list of pollutants covered as resources allow.


https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/small_combustion/stationary_small_combustion/residential
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/small_combustion/stationary_small_combustion/residential
https://iir.umweltbundesamt.de/2026/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2026/sector/ippu/bulk_products/handling_of_bulk_products/start
https://iir.umweltbundesamt.de/2026/sector/ippu/bulk_products/handling_of_bulk_products/start
https://iir.umweltbundesamt.de/2026/_media/general/uncertainty_evaluation/uncertainty_details_pm2.5.xlsx
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Chapter 1.8 - General Assessment of Completeness

Introduction

The German inventory is generally complete regarding the main pollutants, TSP, particulate matter and CO. National total
emissions of these pollutants are considered to be representative and to reflect the current emissions situation.
Nevertheless, there are some cases where no appropriate method or data is available. It is assumed that these cases do not
have a noticeable effect on the national totals and are in the range of its uncertainties.

In terms of heavy metals and POPs, the situation is different due to the low data availability. As additional information, there
is a specific overview on the completeness of the German POP inventory available.

Germany does not report any emission data for years prior 1990. Due to the split into the German Democratic Republic and
the Federal Republic of Germany before 1990, there are no consistent data sets covering what is now the re-united country.
Germany has no plans to work on emission inventories for the years 1980 to 1989 in the future. However, some
summarizing information on the time span 1970 to 1989 is presented below, also comparing these data to the current
emission inventory.

Completeness in detail

The completeness of the German inventory as a whole has also been assessed by multiple reviews, both under the CLRTAP
and the NECD. These reviews all confirm the good coverage of the German inventory. Where there are small omissions,
Germany is working continuously to update and complete its data.

The following sections reflect on a few approaches, by source category, for improving the completeness of the inventory.

Fuel combustion

In principle, all combustion-related activities (1.A) are recorded in full within the National Energy Balance (NEB) of the
Federal Republic of Germany. Nonetheless, where it is evident that complete coverage is not achieved for certain sub-
sectors (i.e. non-commercial use of wood, waste fuels), the NEB is supplemented with further statistical data, surveys etc.
Moreover, there are frequent changes within the NEB, in particular concerning renewable energies. Such changes in fuel and
source categories require considerable research work. Insofar, it's not always possible to implement all data in time.
However, based on current information, combustion related activity data can be considered complete.

This also applies for the main pollutants, particulate matter and CO. There may be cases, where a further breakdown of
activity data and emission factors would be more appropriate to represent any specific technology. In such cases, where the
share of a specific technology is very small, the influence of a missing sub-division on the national totals is considered small,
too.

In some source categories, separation of combustion-related and non-combustion-related emissions from industry requires


https://iir.umweltbundesamt.de/2026/general/trends/state-of-pop-inventory
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further verification. In general, for such categories, avoidance of double counting is an important part of quality assurance.

In terms of heavy metals and POPs, emissions are not yet complete in some sectors due to a lack of appropriate emission
factors. Since they may not properly reflect the situation in Germany and in order to avoid inconsistencies within the
German inventory as a whole, it is not always advisable to use default emission factors. In addition, fixed default EFs do not
reflect the influence of technological developments onto the trends of certain emissions. Nevertheless, many country-
specific emission factors (which are highly uncertain) are available for all combustion plants. All key categories are reported.

Industrial processes

In the area of industrial processes, for the application of higher tier approaches some use is made of production data from
association statistics and of manufacturers' information. In the interest of the inventory's completeness and reliability those
data sets get specific QA/QC procedures. The inventory is considered complete for the main industrial processes.

Agriculture

In the area of agriculture, while survey data from a past research project on management systems in animal husbandry are
available, an effort is being made to carry out periodic, representative data surveys, in the interest of the inventory's
continuing completeness and consistency.

Explanation on the use of notation keys

The use of notation keys in the German inventory is carefully checked each year. All notation keys are used as defined in the
guidance documents.

The following tables from the CLRTAP Stage 1 Reviews 2024 and 2025 give a good indication on where and how frequently
notation keys are used in Germany's air polltutant reporting.

Though NEs are great in number, the actual emission behind each of the notation keys is estimated to be very small. In
some cases, it is actually used instead of NA to make absolutely sure to be on the conservative side of the estimate.

Germany is working continuously to decrease the number of notation keys used and has already made good progress in this
regard. The comparison shows that the number of NE notations used in the inventory could be reduced for almost all
reported pollutants. However, this is mainly due to two facts:

e For NFR 1.A.2.b, all NE notations have been replaced by IE.
and

e The entire NFR 2.J - Production of POPs is reported as not occuring in Germany now and all NE have been replacd by
NO notations.

Component_[%Value 0%|%NO 9%NE 9%6NA %IE %C %NR Al Component_[%Value 0%)|%NO %NE 9%6NA %IE %C %NR ALl

NOX 49.0 0.0 7.0 2.0 33.0 5.0 0.0 0.0 100.0 NOX 49.0 0.0 7.0 2.0 38.0 5.0 0.0 0.0 100.0
NMVOC 56.0 0.0 7.0 3.0 28.0 6.0 0.0 0.0 100.0 NMVOC 56.0 0.0 7.0 3.0 28.0 6.0 0.0 0.0 100.0
SOx 36.0 0.0 7.0 2.0 51.0 3.0 0.0 0.0 100.0 S0x 36.0 0.0 7.0 2.0 51.0 3.0 0.0 0.0 100.0
NH3 44.0 0.0 7.0 2.0 42.0 5.0 0.0 0.0 100.0 NH3 440 0.0 7.0 2.0 42.0 5.0 0.0 0.0 100.0
PM2.5 52.0 0.0 7.0 3.0 29.0 9.0 0.0 0.0 100.0 PM2.5 52.0 0.0 7.0 3.0 29.0 9.0 0.0 0.0 100.0
PM10 52.0 0.0 7.0 2.0 30.0 9.0 0.0 0.0 100.0 PM10 52.0 0.0 7.0 2.0 30.0 9.0 0.0 0.0 100.0
TSP 54.0 0.0 7.0 2.0 28.0 9.0 0.0 0.0 100.0 TSP 54.0 0.0 7.0 2.0 28.0 9.0 0.0 0.0 100.0
BC 23.0 0.0 7.0 20.0 45.0 6.0 0.0 0.0 100.0 BC 23.0 0.0 7.0 20.0 45.0 6.0 0.0 0.0 100.0
co 34.0 0.0 7.0 2.0 52.0 6.0 0.0 0.0 100.0 CO 34.0 0.0 7.0 2.0 52.0 6.0 0.0 0.0 100.0
Pb 27.0 0.0 7.0 4.0 57.0 5.0 0.0 0.0 100.0 Pb 27.0 0.0 7.0 4.0 57.0 5.0 0.0 0.0 100.0
cd 28.0 0.0 7.0 4.0 57.0 5.0 0.0 0.0 100.0 cd 28.0 0.0 7.0 4.0 57.0 5.0 0.0 0.0 100.0
He 30.0 0.0 7.0 4.0 55.0 4.0 0.0 0.0 100.0 He 30.0 0.0 7.0 4.0 55.0 4.0 0.0 0.0 100.0
As 23.0 0.0 7.0 6.0 61.0 4.0 0.0 0.0 100.0 As 23.0 0.0 7.0 6.0 61.0 4.0 0.0 0.0 100.0
Cr 22.0 0.0 7.0 6.0 61.0 4.0 0.0 0.0 100.0 Cr 22.0 0.0 7.0 6.0 61.0 4.0 0.0 0.0 100.0
Cu 23.0 0.0 7.0 6.0 61.0 4.0 0.0 0.0 100.0 Cu 23.0 0.0 7.0 6.0 61.0 4.0 0.0 0.0 100.0
NI 22.0 0.0 7.0 6.0 61.0 4.0 0.0 0.0 100.0 Ni 22.0 0.0 7.0 6.0 61.0 4.0 0.0 0.0 100.0
Se 17.0 0.0 7.0 13.0 59.0 4.0 0.0 0.0 100.0 Se 17.0 0.0 7.0 13.0 59.0 4.0 0.0 0.0 100.0
Zn 22.0 0.0 7.0 6.0 61.0 4.0 0.0 0.0 100.0 Zn 22.0 0.0 7.0 6.0 61.0 4.0 0.0 0.0 100.0
DIOX 26.0 0.0 7.0 2.0 61.0 3.0 0.0 0.0 100.0 DIOX 26.0 0.0 7.0 2.0 61.0 3.0 0.0 0.0 100.0
PAH 25.0 0.0 7.0 3.0 61.0 3.0 0.0 0.0 100.0 PAH 25.0 0.0 7.0 3.0 61.0 3.0 0.0 0.0 100.0
HCB 116 0.0 7.0 9.0 69.0 3.0 0.0 0.0 100.0 HCB 116 0.0 7.0 9.0 69.0 3.0 0.0 0.0 100.0
PCB 15.0 0.0 7.0 9.0 66.0 3.0 0.0 0.0 100.0 PCB 15.0 0.0 7.0 9.0 6.0 3.0 0.0 0.0 100.0

Overview from CLRTAP Stagel Review 2025 Overview from CLRTAP Stagel Review 2026

As for categories, NE notations are used mainly in Industrial Processes and Waste (please refer to section 1c of the
review report 2025 for details). (The correspondig report for 2026 is not yet publically avilable) Each use is individually
justified in the corresponding source category sections of this report as well as in the table below.


https://iir.umweltbundesamt.de/2026/_detail/general/assessment_completeness/review2025.jpg?id=general%3Aassessment_completeness%3Astart
https://iir.umweltbundesamt.de/2026/_detail/general/assessment_completeness/review2025.jpg?id=general%3Aassessment_completeness%3Astart
https://webdab01.umweltbundesamt.at/download/review/DE/2025/DE_Stage1_Report_2025.htm
https://webdab01.umweltbundesamt.at/download/review/DE/2025/DE_Stage1_Report_2025.htm
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NFR categories reported as 'not estimated' (‘NE')

NFR | pollutants . .
category| effected explanation / reasoning
1.A.1.b |HCB, PCBs |no country-specific EF at hand; notation key 'NE' provided in EMEP/EEA GB 2023, Chapter 1.A.1 Energy industries 2023
1Alc ;‘gfz()aspggs no country-specific EF at hand; notation key ‘NA' provided in EMEP/EEA GB 2023, Chapter 1.A.1 Energy industries 2023 -> implementation will be checked
BC, Pb, Cd,
1A2a ﬁf SC; (Z:rL: no country-specific tier2 EFs at hand; notation key 'NE' provided in EMEP/EEA GB 2023, Chapter 1.A.2 Combustion in manufacturing industries and construction 2023, Tables 3-7 to
R Ve mre 13712
B[b]F, BIKIF,
I[1,2,3-c,d]P
Pb, Cd, Hg,
As, Cr, Cu,
1A2e II;‘EDSS/’FZHV only emissions from process-combustion in sugar industry reported here with no country-specific tier2 EF at hand; only tierl default EF provided EMEP/EEA GB 2023, Chapter 1.A.2
e , Combustion in manufacturing industries and construction 2023 , Tables 3-2
B[alP, B[b]F,
BIKIF,
I1,2,3-c,d]P
\];”AZQ HCB, PCBs  |no country-specific EF at hand; no default provided in EMEP/EEA GB 2023, Chapter 1.A.4 Non road mobile machinery 2023
ﬁi;\'la PCDD/F no country-specific EF at hand; no default provided in EMEP/EEA GB 2023, Chapter 1.A.3.a Aviation 2023
i]i.('i‘;j'a PCDD/F no country-specific EF at hand; no default provided in EMEP/EEA GB 2023, Chapter 1.A.3.a Aviation 2023
ilv.A.3.b " |Hes no country-specific EF at hand; no default provided in EMEP/EEA GB 2023, Chapter 1.A.3.b.i-iv Road transport 2023
1.A.3.b vi |B[KIF no country-specific EFs at hand; no defaults for BC provided in EMEP/EEA GB 2023, Chapter 1.A.3.b.vi-vii Road tyre and brake wear 2023
\%”A3b Hg, Se no country-specific EFs at hand; no defaults for BC provided in EMEP/EEA GB 2023, Chapter 1.A.3.b.vi-vii Road tyre and brake wear 2023
. |as of 2000: . . - . A
1A3ei BC no EF provided in EMEP/EEA GB 2023 Table 2-1: Tier 1 emission factors for pipeline transport
1.A4ai |Se several EFs provided in EMEP/EEA GB 2023, Chapter 1.A.4 Small combustion 2023 -> implementation will be checked
1.A.4.aii |HCB, PCBs |no country-specific EF at hand; no default provided in EMEP/EEA GB 2023, Chapter 1.A.4 Non road mobile machinery 2023
1A4bi |Se several EFs provided in EMEP/EEA GB 2023, Chapter 1.A.4 Small combustion 2023 -> implementation will be checked
1.A.4.bii |HCB, PCBs |no country-specific EF at hand; no default provided in EMEP/EEA GB 2023, Chapter 1.A.4 Non road mobile machinery 2023
1A4.ci |Se several EFs provided in EMEP/EEA GB 2023, Chapter 1.A.4 Small combustion 2023 -> implementation will be checked
1.A.4.cii |HCB, PCBs |no country-specific EF at hand; no default provided in EMEP/EEA GB 2023, Chapter 1.A.4 Non road mobile machinery 2023
Pb, Cd, As,
1.A5.a |Cr, Cu, Ni, |several EFs provided in EMEP/EEA GB 2023, Chapter 1.A.4 Small combustion 2023 -> implementation will be checked
Se, Zn, PCBs
As, Cr, Cu,
2.A1 Ni, Se, Zn as|no appropriate EFs available
of 2000: BC
Pb, Cd as of : )
2.A2 2000:BC " appropriate EFs available
283 M no country-specific EF at hand; no default provided in EMEP/EEA GB 2023, Chapter: 2.B Chemical industry 2023, Table 3.16 - Tier 2 emission factors for source category 2.B.3 Adipic
- 25 acid production
as of 1995:
PM, 5, PM,; ; . i issi
2.B.7 as of 2000- use of split factors for PM will be checked for following submissions
BC
As, Cu, Se,
Zn, B[alP,
B[b]F, BIKIF, . ) .
2.C.1 1,2,3-c.dIP, use of default EF will be checked for following submissions
BC (as of
2000)
NO,,
NMVOC,
2.C.2 SO,, CO, Pb, |[EMEP/EEA GB 2023, Chapter 2.C.2 Ferroalloys production, table 3.1: no EFs provided in EMEP GB 2023
Cd, Hg, Cr
BC
ggnvoc, Cr. |EMEP/EEA GB 2023, Chapter 2.C.3 Aluminium production: no EFs provided in EMEP GB 2023
2.C3
BC use of default EFs will be checked for following submissions
NMVOC, . . P . . . . .
2C4 TSP, PM no primary magnesium production in Germany; only F-Gases are reported under 2.C.4, other occurring emissions from secondary magnesium production are reported in the Energy
e "o ~% |sector under 1.A.2.b.
PM,,, BC
BC (as of . . .
2.C.5 2000), Se EMEP/EEA GB 2023, Chapter 2.C.5 Lead production no EFs provided in EMEP GB 2023
BC (as of . .
2.C.6 2000), Se EMEP/EEA GB 2023, Chapter 2.C.6 Zinc production
se EMEP/EEA GB 2023, Chapter 2.C.7.a Copper production no EF provided in EMEP GB 2023
2.C73  pc (as of
2000), Ni use of default EF will be checked for following submissions
2.C.7.c ggo(g)s gi) EMEP/EEA GB 2023, Chapter 2.C.7.c Other metal production for galvanization no EF provided in EMEP GB 2023
BC, Bla]P,
B[b]F, B[k]F,
2.D.3.b |I[x]P, PAH |no country-specific EF at hand; GB 2023 to be checked; BC: use of 'NA' will be checked
1-4, as of
2000: BC
as of 2000:
BC,B[a]P,
2.D.3.c  |B[b]F, BIK]F, |no country-specific EF at hand; notation key 'NE' provided in EMEP/EEA GB 2023, Chapter 2.D.3.c Asphalt roofing 2023, Table 3-1 to 3-3
I[1,2,3-c,dIP,
PAH 1-4
NH3, PCBs,
2.H.1 as of 2000: |use of default EF will be checked for BC, use of 'NA' for PCB will be checked
BC
2.H.2 SSCOf 2000: use of default EF will be checked for following submissions
2.H3 gscof 2000: as for all other pollutants, 'NA' will be reported for BC and for the next annual submission
as of 2000: . Lo . . . .
2.1 BC no country-specific EF at hand; no information provided in EMEP/EEA GB 2023, Chapter 2.I Wood processing 2023
EMEP GB 2019,
2.K PCB https://www.eea.europa.eu/publications/emep-eea-guidebook-2019/part-b-sectoral-guidance-chapters/2-industrial-processes/2-k-consumption-of-pops/2-k-consumption-of-pops/view,
Table 3.1: emissions of PCB could not be ruled out but no data on national level is available and the standard EF (based on capita) will lead to unrealistic high emissions.
2.L BC BC emissions unlikely to occur from dry bulk goods; no information EMEP/EEA GB 2023, Chapter 2.L Other production, consumption etc of bulk products 2023



https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-1-energy-industries-2023/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-1-energy-industries-2023/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-2-combustion-in/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-2-combustion-in/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-2-combustion-in/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-4-non-road/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-i/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-vi/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-vi/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-e-i/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-4-small-combustion-2023/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-4-non-road/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-4-small-combustion-2023/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-4-non-road/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-4-small-combustion-2023/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-4-non-road/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-4-small-combustion-2023/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/2-industrial-processes-and-product-use/2-b-chemical-industry/2-b-chemical-industry-2023/view
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/2-industrial-processes-and-product-use/2-c-metal-production/2-c-2-ferroalloys-production-2023
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/2-industrial-processes-and-product-use/2-c-metal-production/2-c-3-aluminium-production-2023
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/2-industrial-processes-and-product-use/2-c-metal-production/2-c-5-lead-production-2023
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/2-industrial-processes-and-product-use/2-c-metal-production/2-c-6-zinc-production-2023
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/2-industrial-processes-and-product-use/2-c-metal-production/2-c-7-a-copper
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/2-industrial-processes-and-product-use/2-c-metal-production/2-c-7-c-other
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/2-industrial-processes-and-product-use/2-d-2-l-other/2-d-3-c-asphalt/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/2-industrial-processes-and-product-use/2-i-wood-processing/2-i-wood-processing-2023/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2019/part-b-sectoral-guidance-chapters/2-industrial-processes/2-k-consumption-of-pops/2-k-consumption-of-pops/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/2-industrial-processes-and-product-use/2-l-other-production-consumption/2-l-other-production-consumption/view
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NFR | pollutants . .
category| effected explanation / reasoning
BC, As, Cr,
5.C.1.bv |Cu, Ni, Se, |BC:'NE' provided in EMEP/EEA GB 2023, Chapter 5.C.1.b.v Cremation 2023, use of 'NA"' will be checked; HM and B[k]F: use of national EF will be checked
Zn, BIK]F
NH;, Pb, Cd,
Hg, As, Cr,
5.C.2 Cu, Ni, Se, |NH; and Heavy Metals: use of 'NA' will be checked; for other pollutants no appropriate EFs available
Zn, PCDD/F,
HCB, PCBs
ﬁiﬁ's‘a PCDD/F no country-specific EF at hand; no default provided in EMEP/EEA GB 2023, Chapter 1.A.3.a Aviation 2023
.1.(ﬁ)3a PCDD/F no country-specific EF at hand; no default provided in EMEP/EEA GB 2023, Chapter 1.A.3.a Aviation 2023
all . ) . .
1A5.c pollutants no AD available for multilateral military operations

NFR categories reported as 'included elsewhere ('IE')

NFR pollutants effected included in explanation / reasoning
category
1.A.l.a B[b]F, B[k]F, I[1,2,3-c,d]P PAHs 1-4 total only summarized PAH data available
1.A1lb B[b]F, B[k]F, I[1,2,3-c,d]P PAHs 1-4 total only summarized PAH data available
1A1l.c B[b]F, B[KIF, I[1,2,3-c,d]P PAHs 1-4 total only summarized PAH data available
PM, ., PM,,, TSP, as of 2000 BC,
Pb,Cd,Hg,As,Cr,Cu,Ni,Se,Zn, PCCDF, . o
1.A2.b PCCDF B[alP, BIbJF, BIKIF, [1,2,3-c.d]. 2.C considered to be process emissions
PAHs 1-4 total, HCB, PCBs
1.A.2.g viii (energy
1A2.c all emissions related emissions), 2.B
e (process related
emissions)
rlelpétzeg \élr;i(siri]c?rzg)y Process related part include the complete
1.A.2d all emissions ! trend of SO, emissions instead a fuel
2.H.1 (process related based calculation within this categor
emissions) gory
Relevant part of emissions of all
1A2e PM,., PM,,, TSP, as of 2000 BC Z'H.'Z l(process related po!lutants from CHP plants and stealrl’r)
emissions) boilers are reported under 1.A.2.g viii, so
the whole emissions are adressed
Process related part include complete
trends of these emissions instead a fuel
1.A2.f gbox'c'(\j‘M:O(,:A:sS%);' CPMZ';I’. Pg/lé‘)’z-;sp' BC, 2.A.1,2.A.2 and 2.A.6 |based calculation within this category, For
- £0, 1g, As, LT, Lu, [, 5€, Zn, a full overview, please see the table
within Non-Metallic Minerals.
1.A.2.9 viii B[b]F, B[KIF, I[1,2,3-c,d]P PAHs 1-4 total only summarized PAH data available
- o . no separate AD available for international
1.A.3.d i(ii) all emissions 1.A3dii inland navigation
CO: 1.A.2.f; B[b]F,
2.A1 CO, B[b]F, B[k]F, I[1,2,3-c,d]P B[k]F, I[1,2,3-c,d]P in |only summarized PAH data available
PAHs 1-4 total
2.A2 NH, 1.A2f
emissions from storage, handling and
2.A5.c PM,s, PM,,, TSP, BC 2.L transport of dry bulk products reported in
NFR 2.L
2.A.6 (e0] 1.A2f
emissions from storage, handling and
2.B.10.b PM,., PM,,, TSP 2.L transport of dry bulk products reported in
NFR 2.L
emissions from secondary magnesium
2.C.4 NO,, NMVOC, 50,, NH;, CO 1A.2b production reported in NFR 1.A.2.b
emissions from storage, handling and
2.C.7d PM,., PM,,, TSP 2.L transport of dry bulk products reported in
NFR 2.L
2. Cco 1.A2
3.B explaination see
3.D.a.2.a NMVOC chapter
3D.a3 NMVOC 3.B explaination see

chapter



https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/5-waste/5-c-1-b-v/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/view
https://iir.umweltbundesamt.de/2024/sector/energy/fuel_combustion/industry/non-metallic_minerals
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NFR . . . .
category pollutants effected included in explanation / reasoning

2.D.3b (6(0] 1.A2.f
buffaloes included in the population
3.B4.a NO,, NMVOC, NH,, PM,, PM,,, TSP 3.B.1.a, 3.B.1.b figures for cattle
3.B.4f NO,, NMVOC, NH,, PM, ;, PM,,, TSP 3.B.4.e mules and asses are included in
population figures for horses

Emission data for years before 1990

Consistent time series for emissions for years before 1990 are not available.

Up to 1994, Germany calculates some sector's emissions separately for both parts of Germany in distinct procedures, using
different substructures and data sources. From 1995 onward, the emissions were calculated for the unified country only.

All inventory improvements coming from our own QA/QC or review recommendations can not be applied for the years before
1990. Insofar, the long-time series is provided only as additional information and to illustrate the general trend since 1970.

Historic and actual inventory emissions of air pollutants in Germany
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Quelle: “Long Rows" (“Lange Reihen") 1970-1994 (Stand/from 1999) / German Emission Inventory 1980

Visual comparison of historic data and inventory data for the years 1985 to 2000

2023 (20.03.2025)



https://iir.umweltbundesamt.de/2026/_media/general/assessment_completeness/iir_1970-1994_1990-2000_emissions_2025.png
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CHAPTER 2: Explanation of Key Trends

This chapter features tabular and graphical representations of emissions and emission trends for CO, NMVOC, NO,, SO,, NH;,
TSP, PM,,, PM, s and Black Carbon.

The covered time scale stretches from 1990 to the latest reporting year for data and further back for general explanation.
Emission are listed as totals here and detailed by NFR source category in the pollutant-specific subsections, these also
include summaries of the main drivers for the pollutant in question. The subsections also feature details on the inventory
preparation process for the individual pollutants and source categories, including the tier of the methods applied and data
characterisation.

Detailed emission trends

Nitrogen Oxide (NOx)

Sulfur dioxide (S0Oz)

Non-Methane Volatile Organic Compounds (NMVOC)
Ammonia (NHs)

Carbon Monoxide (CO)

Total suspended particulate matter (TSP)
Fine Particulate Matter <10um (PMio)
Fine Particulate Matter <2.5 um (PM2.s)
Black Carbon (BC)

Persistent Organic Pollutants (POP)
Heavy Metals (HM)

Total emission trends

Between the 1950s and 1970s, air pollution in both parts of Germany was considerably higher than today, mainly due to the
“traditional” pollutants sulphur dioxide, airborne particulates and to some extend nitrogen oxides. The reduction in the
concentration of pollutants has been forced by regulations that induced technological advancements in stationary
combustion plants and vehicles and caused the gradual changeover from solid fuels like coal and lignite to oil and gas, the
increased use of low-sulphur heating oil, and, later, the desulphurisation of flue gases in large combustion plants (LCP).

Air pollution control measures, regulated by law from 1983 onward, have led to a further major pollutant reduction of
average annual levels - to below 25 ug/m? in the case of SO, concentrations. In eastern Germany, decreases in SOz and
particulate emissions associated with economic restructuring, redevelopment of smokestack industrial areas, and the
construction of advanced, state-of-the-art industrial plants are also reflected in the emission concentrations measured. For
example, the annual mean SO: pollution levels in the industrial and urban conurbations of West Saxony, southern Saxony-
Anhalt, and eastern Thuringia fell from about 150-175 pg/m? to 8-15 ug/m?3 between 1990 and 2003. As a result of the
reductions achieved, the winter smog alarms that were previously caused by sulphur dioxide emissions have been
effectively eliminated. This applies to both East and West Germany, even in topographically unfavourable locations such as
valleys and geological basins.

Chart: Total emission trends for the most important pollutants in percent decrease compared to the Base Year'



https://iir.umweltbundesamt.de/2026/general/trends/emission_trends_nitrogen_oxide
https://iir.umweltbundesamt.de/2026/general/trends/emission_trends_sulfur_dioxide
https://iir.umweltbundesamt.de/2026/general/trends/emission_trends_non_methane_volatile_organic_compounds
https://iir.umweltbundesamt.de/2026/general/trends/emission_trends_ammonia
https://iir.umweltbundesamt.de/2026/general/trends/emission_trends_carbon_monoxide
https://iir.umweltbundesamt.de/2026/general/trends/emission_trends_total_suspended_particulate_matter
https://iir.umweltbundesamt.de/2026/general/trends/emission_trends_pm10
https://iir.umweltbundesamt.de/2026/general/trends/emission_trends_pm2.5
https://iir.umweltbundesamt.de/2026/general/trends/emission_trends_bc
https://iir.umweltbundesamt.de/2026/general/trends/emission_trends_persistent_organic_pollutants
https://iir.umweltbundesamt.de/2026/general/trends/emission_trends_heavy_metals

IIR2026_extern_for_publication 37/847

Air Pollutants / Luftschadstoffe

Emission Trends / Emissionstrends

- W l | |
—_ \ | | | |
-10% T T T
fp : L ~ { |
y z
& 1 i
] z z
h=] | |
= | |
& -30% ; { T
60 ' 1 !
= \'\‘ | 1
= -50%, W 1 i
[T} Wl Tl |
T , b % '
hc I . |
§ 5o \ \ > |
— i 1
@ -60% | )
: \ i |
- | |
=]
g -70% ) [ ‘-.l..
£ : il
13 1 i =
8 | {
g‘ -80% T T - 1
e 1 | | 1
2 | - | |
S -90% : : : !
-100% - = - -
O o R S WD P B0 O D o P e W WD P 80 O D e PN S LA WD e B0 Oh O e e A
L= = T = LT = R T = e = = O O e I e = I = = = = = e T T e e T e T e e e S e O i, O O O 5 B |
L= = T = = = U = = = = = = = = == == e e = = = = = = = = = = = =
= = — — = = — NN NN (e I o O o I o N o B o N o T A e A o I o IO o O ™ A e A e N o R o B N ' | ~ ™
NOx 502 s N MYOC N H 3 co e T5P P10 sl P 2,5 i Black Carbon®*
* Base Year (BY) 1990, 1995 for PM10/PM2.5 [ Basisjahr (BJ) 1990, 1995 flir Felnstaub Quelle: German Emission Inventory (04.02.2026)

** Black Carbon emissions from 2000 [ Black Carbon Emisslonen erst ab 2000

': generally 1990 but 1995 for PM, ; and PM,, and 2000 for Black Carbon

Due to the fact that air pollution is not being kept within national borders, the issue has been on both the UN's as well as the
European Union's agenda for a long time, resulting in increasingly strict regulations for air quality management, as new
knowledge and concepts were taken into consideration. The framework for these regulations is the Council “Framework”
Directive 96/62/EC of 27 September 1996 on ambient air quality assessment and management, the objectives and principles
of which are set out in concrete terms in so-called daughter directives.

The framework directive and the first two daughter directives were adopted in German law through the 22nd Federal
Immission Control Ordinance (22nd BImSchV). The third daughter directive was subsequently adopted through the 33rd
Federal Immission Control Ordinance (33rd BImSchV), whilst the fourth daughter directive is currently passing through the
legislative process. The limit values specified in the daughter directives are based on the work of the World Health
Organisation (WHO) and, in general, are considerably lower than the limits specified in previous regulations. Where particle
emissions are considered, new limit values for fine dust (PMio) have replaced the previous limit values for total suspended
particulate matter (TSP). Another new feature compared to the previous EC directives is that the first daughter directive
makes it compulsory to make up-to-date information on ambient air quality and air pollution situation routinely available to
the public.

In addition to the air quality directives, the European Commission has also issued Directive 2001/81/EC on national emission
ceilings (NEC) for certain atmospheric pollutants, restricting maximum national emission levels for the year 2010. This
directive covers sulphur dioxide (SQ,), nitrogen oxides (NO,), ammonia (NH,), and volatile organic compounds (VOC), and
was adopted into German law through the 33rd BImschV. In late 2016, the revised NEC Directive EU/2016/2284 has entered
into force, establishing emission reduction target for 2020 and 2030.


https://iir.umweltbundesamt.de/2026/_media/general/trends/iir_all_trend_from_1990.png
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Air Pollutants / Luftschadstoffe

Emission Trends / Emissionstrends
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Quelle: Garman Emission Inventory (04,02, 2026)


https://iir.umweltbundesamt.de/2026/_media/general/trends/iir_all_trend_from_2000_base_2005.png
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Explanation of Key Trends - Nitrogen Oxides

Obligations

Within the scope of the LRTAP Convention, the Federal Republic of Germany was obliged to reduce emissions of NO, to the
1987 level of 3,177kt by 1994. However, this value is inconsistent with the time series data after 1990 because, for example,
it does not include any emissions from the agricultural sector. But emissions were successfully reduced by close to 30% to
2,255 kt in this period, exceeding the obligatory requirements of the protocol and also meeting the additional voluntary
commitment that was entered into by Germany and 11 other ECE countries (reduction of NO, emissions before 1998 by 30%
compared to 1986 levels).

More recently, Germany has made a commitment under the multicomponent protocol to further minimise NO, emissions. By
2010, it will no longer be permissible to exceed a National Emission Ceiling of 1,081kt NO, for Germany as whole. The
revised Gothenburg Protocol and the revised NEC Directive both define emission reduction targets relative to a 2005 base
year, mandating 39% (2020) and 65% (2030) reductions respectively.

While Germany's compliance with these obligations is not discussed here, further information on this subject can be found in
Chapter 10 - Projections and Chapter 12 - Adjustments and Emission Ceiling Exceedance.

Main drivers

NO, total emissions show a falling trend from 1990 onwards, with emission reductions of 71.6% between 1990 and 2024
and steadily falling emissions in the last years.

Main driver for NO, emissions is Fuel Combustion (NFR 1.A) with over 91% of 1990 emissions and a 75% reduction from
1990 to 2024. About half of the 1990 emissions from NFR 1.A and a similar reduction (-81%) between 1990 and 2024 comes
from Road Transportation (NFR 1.A.3.b), mainly due to increasingly stricter regulations resulting in technical
improvements.

The rest of the 1990 emissions mainly comes from Energy Industries (NFR 1.A.1) with a 23% share of 1990 Fuel
Combustion (NFR 1.A) emissions and a 69% reduction and, to a lesser extend, from Manufacturing Industries and
Construction (NFR 1.A.2) with an 11% share and 69% reduction followed by Other Sectors (NFR 1.A.4) with a share of
8% and a 50% reduction between 1990 and 2024. For NFR 1.A.2, some emissions were reassigned to the Industrial
Processes (NRF 2) starting from the year 2000, leading to lower emissions from NFR 1 and a similar rise in NFR 2.

Table: NO, emissions 1990-2024, in kilotonnes [kt]

Trend: latest compared to
1990(1995(2000(2005(2010/2015/2016/2017/2018/2019/2020/2021(2022|2023|2024, 1990 previous year
2850/2173|1871|1 634|1 468|1 381|1 343|1 286|1 201|1 115| 983| 969| 928| 841/ 809 | -71.6% -3.8%



https://iir.umweltbundesamt.de/2026/general/projections/start
https://iir.umweltbundesamt.de/2026/general/adjustments/start
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Nitrogen Oxide / Stickstoffoxide
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Nitrogen Oxide / Stickstoffoxide
Emissions per Sector / Sektorale Emissionen

2.000

=1l
« lir1lllllf

~ 1.400
gy
é‘ ]
c
g 1.200 2 =8 B8 —~I—1
=
“n
A
£ 1.000 & —~l~~|—~l
o
W
: 1
2 800 B
Jn
£
600
400 A
- ,:I::I: 1 :I:y II I_ _
0
“ o A B 9 < " v N L “ ] A & 9 O S L el o
5] o ) M " . v -« . S e N S 4" 4" 4 4 TV
I I S M MM P R P P A M I R
®1.A.1 Energy Industries 1.A.2 Manufacturing Industries and Construction
W 1.A.3 Transport B 1A Other Sectors
1.A.5 Other (military) m 1.B Fugitive Emissions from Fuels
W 2. Industry ® 3. Agriculture

W 5.C Waste Incineration

Quelle: German Emission Inventory (04,02, 2028)



IIR2026_extern_for_publication 42/847

Explanation of Key Trends - Sulfur Dioxide

Obligations

Under the terms of the UN ECE Geneva Convention on Long-range Transboundary Air Pollution Control (CLTRAP, 1979), the
Federal Republic of Germany was obliged by the UN ECE Helsinki Protocol to reduce its annual sulphur emissions by at least
30% by 1993, as compared to 1980 levels. In 1993, the SO, emissions were 2.9 Mt, compared to approximately 7.5 Mt in
1980. This represents a reduction of 61%. The second UN ECE protocol on the reduction of sulphur emissions obliged
Germany to reduce SO, emissions to 1300 kt by 2000, and to 990 kt by 2005. The targets set for 2000 & 2005 have already
been achieved by 1998.

More recently, Germany has made a commitment under the multicomponent protocol to further minimise SO, emissions.
Since 2010, it is no longer permissible to exceed a National Emission Ceiling of 550 kt SO, for Germany as whole. The
revised Gothenburg Protocol and the revised NEC Directive both define emission reduction targets relative to a 2005 base
year, mandating 21 % (2020) and 58 % (2030) reductions respectively.

While Germany's compliance with these obligations is not discussed here, further information on this subject can be found in
Chapter 9 - Projections and Chapter 11 - Adjustments and Emission Ceiling Exceedance.

Main drivers

SO, total emissions show a falling trend from 1990 onwards, with emission reductions of over 95% since 1990.

By far the largest proportion of SO, is produced by the oxidation of the sulphur contained in the fuels used in combustion
processes, Fuel Combustion (NFR 1.A) with a 96% share of total SO, emissions in 1990 and a 97% reduction between
1990 and 2023.

In 1990, the biggest source of emissions therein is Public Electricity and Heat Production (NFR 1.A.1.a) with about
47% of the emissions from Fuel Combustion (NFR 1.A). Other sources substantially influencing the SO, emission trend are
Manufacturing Industries and Construction (NFR 1.A.2) and Other Sectors (NFR 1.A.4, including
commercial/institutional and residential sources), each adding about one fifth of 1990 emissions from Fuel Combustion (NFR
1.A).

All of these sub-categories show a reduction >95 per cent between 1990 and 2023, due to stricter regulations of West
Germany that applied to the New German Lander after the German Reunification and changed the fuel mix from sulphur-rich
solid fuels to liquid and gaseous fuels.

Table: SO, emissions 1990-2024, in kilotonnes [kt]

Trend: latest compared to
1990(1995(2000(2005/2010/2015(2016|2017|2018/2019(2020(2021|2022(2023|2024| 1990 previous year
5461|1743| 643| 468| 397| 341| 316/ 307| 294| 258| 239| 249| 247| 210, 199| -96.4% -5.3%



https://iir.umweltbundesamt.de/2026/general/projections/start
https://iir.umweltbundesamt.de/2026/general/adjustments/start
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Explanation of Key Trends - Non Methane Volatile
Organic Compounds

Obligations

Germany has made a commitment under the Gothenburg Protocol to reduce NMVOC emissions. Since 2010, it is no longer
permissible to exceed a National Emission Ceiling of 995 kt NMVOC for Germany as whole. The revised Gothenburg Protocol
and the revised NEC Directive both define emission reduction targets relative to a 2005 base year, mandating 13% (2020)
and 28% (2030) reductions respectively.

While Germany's compliance with these obligations is not discussed here, further information on this subject can be found in
Chapter 9 - Projections and Chapter 11 - Adjustments and Emission Ceiling Exceedance.

Main drivers

NMVOC total emissions show a falling trend from 1990 onwards, with emission reductions of 75.8% between 1990
and 2024.

Here, a bump occurs in 2010 after the dent of 2008 and 2009 due to the economic situation. After a period of stagnating
emissions, the last few years show a slight annual emission reduction of 3% on average.

Main driver for NMVOC emissions is NFR 1.A - Fuel Combustion with about half of total 1990 emissions and a 92%
reduction between 1990 and 2024. Within 1.A, Road Transport (1.A.3.b) is responsible for about three quarters of the
1990 emissions, with Passenger Cars (1.A.3.b i) emitting the vast majority. Reductions of about 95% in those categories
between 1990 and 2023 are mainly due to increasingly stricter regulations, especially incentives for automobile users to
retrofit/buy cars with catalytic converters.

Furthermore, the implementation of the Technical Instruction on Air Quality Control (TA-Luft 2002), to decreases in emissions
from petrol storage and from fuelling of motor vehicles (1.B.2.a.v) - as a result of implementation of the 20th and
21st Ordinances on the Execution of the Federal Immission Control Act (BImSchV) - and to reduced petrol consumption play
a major role in the reduction of NMVOC emissions within the category Fugitive Emissions from fossil fuels (NRF 1.B.2).

Substantial emissions also come from Non-Energy Products from Fuels (NFR 2.D), emitting 29% of total 1990 emissions
and a 65% reduction between 1990 and 2024.

Table: NMVOC emissions 1990-2024, in kilotonnes [kt]

Trend: latest compared to
1990(1995(2000(2005(2010/2015/2016/2017/2018/2019/2020/2021|2022|2023|2024| 1990 previous year
3942|2 361|1 813|1 497|1 367|1 140|1 134(1 137(1 091|1 062(1 032(1 052|1 044| 968 | 953 | -75.8% -1.6%



https://iir.umweltbundesamt.de/2026/general/projections/start
https://iir.umweltbundesamt.de/2026/general/adjustments/start
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Explanation of Key Trends - Ammonia

Obligations

Germany has made a commitment under the Gothenburg Protocol to reduce ammonia emissions. Since 2010, it is no longer
permissible to exceed a National Emission Ceiling of 550 kt NH, for Germany as whole. The revised Gothenburg Protocol and
the revised NEC Directive both define emission reduction targets relative to a 2005 base year, mandating 5% (2020) and
29% (2030) reductions respectively.

While Germany's compliance with these obligations is not discussed here, further information on this subject can be found in
Chapter 9 - Projections and Chapter 11 - Adjustments and Emission Ceiling Exceedance.

Main drivers

The Main Drivers for NH; emissions are agricultural emissions from Manure Management (NFR 3.B) with 36% of total
1990 emissions and a 37% reduction between 1990-2024 and Agricultural Soils (NFR 3.D) with even 59% of total 1990
emissions and a 39% decrease.

The overall emission trend follows the agricultural emissions closely with a total reduction of 32% since 1990.

The decrease of NH; emission in the year 1991 is due to a reduced livestock population that followed after the German
reunification, while no explicit trend is discernible for the years up to 2014. Between 2015 and 2024 the emissions are
dropping every year adding up to a 26% drop. Here, emissions dropped by 8.4% between 2019 and 2020, an decrease only
topped by the reduction between 1990 and 1991 (minus 10%).

Table: Ammonia emissions 1990-2024, in kilotonnes [kt]

Trend: latest compared to
1990(1995/2000/2005(2010/2015(2016(2017/2018/2019(2020(2021|2022(2023(2024| 1990 previous year
827| 714| 720| 693| 693| 708| 703| 686| 651| 627| 574| 554| 541| 532| 528 -36.2% -0.7%



https://iir.umweltbundesamt.de/2026/general/projections/start
https://iir.umweltbundesamt.de/2026/general/adjustments/start
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Explanation of Key Trends - Carbon Monoxide

Main drivers

CO total emissions show a falling trend over the whole interval, with emission reductions of 82.6 % between 1990 and
2024 and a renewed interval of emission reductions in the last years.

Main driver for CO emissions is Fuel Combustion (NFR 1.A) with 90% of total 1990 emissions and an 87% reduction
between 1990 and 2024. Within NFR 1.A, Road Transport (NFR 1.A.3.b) is responsible for 63% of the 1990 emissions,
with Passenger Cars (NFR 1.A.3.b.i) emitting more than 90% of it. Reductions of about 90% between 1990 and 2024
result mainly from constantly improving fuels and increasingly stricter regulations resulting in technical improvements.

Other Sectors (NFR 1.A.4, including commercial/institutional and residential sources) are responsible for about 30% of
1990 Fuel Combustion emissions with a 85% reduction between 1990 and 2024.

Table: Carbon monoxide emissions 1990-2024, in kilotonnes [kt]

Trend: latest compared
to
1990 (1995|2000/2005(2010(2015/2016/2017/2018/2019(2020(2021|2022(2023|2024| 1990 |previous year
13 319|7 187|5 096(3 825|3 461|3 033(2 923|2 938|2 838|2 751|2 428|2 551|2 507|2 340|2 322| -82.6% -0.8%
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Explanation of Key Trends - Total Suspended
Particulate Matter

Main drivers

Between 1990 and 2024, total TSP emissions dropped by 84.7%, mainly due to stricter regulations of the Old West
Germany that applied to the New German Lander after the German Reunification and realized a change-over from solid to
gaseous and liquid fuel, as well as advancements in filter technologies of combustion plants and industrial processes.

The Main Drivers for TSP emissions are Fuel Combustion (NFR 1.A) with 62% of total 1990 emissions and a 94% reduction
between 1990 and 2024 and, as a sum, the Industrial Processes (NFR 2) with 27% of the total 1990 emissions and a 69%

reduction between 1990 ans 2024.

Table: TSP emissions 1990-2024, in kilotonnes [kt]

Trend: latest compared to

1990(1995|2000/2005/20102015|2016/2017/2018(2019|2020/2021|2022(2023|2024| 1990 previous year
2 015 542| 497| 412| 382 375| 348| 361| 376| 350 331| 330| 333| 335| 308 -84.7% -8.1%
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Quelle: German Emission Inventory (04.02,.2026)
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Explanation of Key Trends - Fine Particulate Matter
(PM1o)

Main drivers

Between 1995 and 2024, total PM,, emissions dropped by 49.2%.

The main drivers for PM,, emissions are Fuel Combustion (NFR 1.A) with 48% of total 1995 emissions and a 63%
reduction between 1995 and 2024 and, as a total, the Industrial Processes (NFR 2) (and here especially Handling of
Bulk Products NFR 2.L) with 38% of total 1995 emissions and a 46% reduction.

Within NFR 1.A, Transport (NFR 1.A.3) produces the biggest part of PM,, emissions. Here, about 88% of the 2024
Transport PM,, emissions are caused by Road Transport (NFR 1.A.3.b). About 15% of these emissions are directly caused

by fuel combustion (NFRs 1.A.3.b.i-iv) whereas 85% stem from tyre and brake wear (1.A.3.b.vi) and road abrasion
(vii).

Table: PM,, Emissions 1990-2024, in kilotonnes [kt

Trend: latest year compared to...
1995/2000/2005(2010(2015/2016/2017|2018/2019/2020(2021|2022|2023|2024||...BY (1995)|...previous year
335|294 | 244 | 228 | 215 | 200 | 203 | 210 | 196 | 183 | 184 | 186 | 184 | 170 -49.2% -7.3%
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Fine Particulate Matter / Feinstaub (PM10)
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Explanation of Key Trends - Fine Particulate Matter
(PM2.5)

Obligations

Germany has made a commitment to reduce particulate matter emissions. The revised Gothenburg Protocol and the revised
NEC Directive both define emission reduction targets relative to a 2005 base year, mandating 26% (by 2020) and 43% (by
2030) reductions respectively.

While Germany's compliance with these obligations is not discussed here, further information on this subject can be found in
Chapter 9 - Projections and Chapter 11 - Adjustments and Emission Ceiling Exceedance.

Main drivers

Between 1995 and 2024, Total PM, ; emissions declined by 62.0%.

The main drivers for PM, ; emissions are Fuel Combustion (NFR 1.A) with 73% of total 1995 emissions and a 69%
reduction between 1995 and 2024 and, as a sum, the Industrial Processes (NFR 2) with about 21% of total 1995
emissions and a 52% reduction between 1995 and 2024.

Within both National totals and NFR 1.A, Transport (NFR 1.A.3) is responsible for the biggest part of PM, . emissions. Here,
about 88% of 2024 PM,; transport emissions are induced by Road Transport (NFR 1.A.3.b). About one quarter (25%) of
these emissions are directly caused by fuel combustion (NFRs 1.A.3.b.i-iv) whereas 75% stem from tyre and brake
wear (1.A.3.b.vi) and road abrasion (vii).

Table: PM, ; Emissions 1990-2024, in kilotonnes [kt]

Trend: latest year compared to...
1995(2000/2005/2010(2015/2016({2017(2018/2019|2020(2021(2022|2023(2024|...BY (1995)|...previous year
196 | 161 (132 (118|100 | 95 | 94 | 94 | 89 | 80 | 82 | 84 | 78 | 74 -62.0% -4.4%



https://iir.umweltbundesamt.de/2026/general/projections/start
https://iir.umweltbundesamt.de/2026/general/adjustments/start
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Fine Particulate Matter / Feinstaub (PM2.5)
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Emission Trends BC

Germany reports Black Carbon (BC) emissions for all years from 2000 onward. The main sources are transport as well as
mobile and stationary combustion. Germany uses the EMEP/EEA 2016 Guidebook to estimate BC emissions, augmented by
some country specific emission factors, i.e. split factors for the BC portion of PM,, in particular in road transport.

Between 2000 and 2024, Total Black Carbon emissions dropped by 78%.

The main drivers are the transport emissions (NFR 1.A.3) with 70% of total 2000 emissions, and a 85% reduction
between 2000 and 2024. Over the entire time series, more than 90% of the transport emissions come from Road Transport
(NFR 1.A.3.b). The overlying trend towards more diesel cars in the German fleet slowed the decrease in emission over this
period (see figure below).

24% of the 2000 total emissions result from Other Sectors (NFR 1.A.4), mostly from residential stationary combustion and
mobile sources therein, with a 62% reduction between 2000 and 2024.

Table: Black Carbon emissions 1990-2024, in kilotonnes [kt]

Trend: latest compared to
2000/2005(2010/2015|2016(2017|2018/2019(2020/2021|2022(2023(2024| 2000 previous year
39 32| 23] 16| 15| 14 13| 12| 11| 10f 10 9 9| -77.8% -6.5%
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Explanation of Key Trends - Persistent Organic
Pollutants

Please note: Data for persistent organic pollutants may have issues such
H as missing sources. It features considerably higher uncertainties then data
E552 for other pollutants covered in this report. Read more..

Obligations

The 1998 Aarhus Protocol on Persistent Organic Pollutants under the CLRTAP entered into force late in 2003. It focuses on a
list of 16 substances that have been singled out according to agreed risk criteria. The substances comprise eleven
pesticides, two industrial chemicals and three by-products/contaminants. The ultimate objective is to eliminate any
discharges, emissions and losses of POPs.

The Protocol bans the production and use of some products outright (aldrin, chlordane, chlordecone, dieldrin, endrin,
hexabromobiphenyl, mirex and toxaphene). Others are scheduled for elimination at a later stage (DDT, heptachlor,
hexaclorobenzene, PCBs).

Finally, the Protocol severely restricts the use of DDT, HCH (including lindane) and PCBs. The Protocol includes provisions for
dealing with the wastes of products that will be banned. It also obliges Germany to reduce its emissions of dioxins, furans,
PAHs and HCB below their levels in 1990. For the incineration of municipal, hazardous and medical waste, it lays down
specific limit values.

Main drivers

Persistent organic pollutants give a mixed picture both in terms of development and sources.
All POP emissions decreased substantially between 1990 and 2024:

e Dioxins (Teq) by 86,4%,

e PCBs by 88,0%,

e HCB by 99.9%
and

e the PAH Total by 43,4%

However, uncertainties are significantly higher than for the other air pollutants reported.

Trends

The figure below shows trends for the main groups of persistent organic pollutants:


https://iir.umweltbundesamt.de/2026/general/trends/state-of-pop-inventory
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State of the German POP inventory

Generally, and despite a lot of improvements implemented in recent years, the German
POP inventory is still incomplete. There are some source categories missing, in
particular those where data availability is an issue. Measurement data for POP emission
factors is hard to come by, and where available these are regularly annotated with high
uncertainties. Moreover, creating consistent time series for POP emission factors is
challenging, even for sources with EFs measured recently, since historic data (e.g. for
1990) is even harder to find. Not in any case it's possible to fill the gaps with default
values, since default POPs emission factors are often very high and not in line with
German legislation. In such cases, the default value would be an important source of
inconsistency, which may cause an infringement procedure.

Current reporting

The quality of reporting varies greatly inside the POP inventory, depending on the (group of) pollutant in question:

Dioxins/ Furans

Due to current legislation, data availability is relatively good. There are measurement data for waste incineration plants and
steel industry installations both for 1990 and current years. Therefore, the two most important sources are well covered. For
small combustion (in particular wood), where total activity and emissions increased in recent years, measurement data is
available. These emission factors come with high uncertainties, since dioxin emissions depend largely on the fuel used and
on combustion conditions. Since we have to cover about 9 million small wood combustion installations in Germany, it is hard
to model a consistent usage pattern. Furthermore there is a high degree of uncertainty regarding the quality of the firewood,
which is used in small combustion plants. Actually the fuel quality is required by law, controlled by the chimney sweeper.
However, illegal waste wood burning cannot be averted. But it's not possible to estimate the resulting emissions. Despite
these problems, the German POP inventory is reasonably complete for dioxins and furans. The only known missing sources
are small scale waste burning (in particular gardening waste burning) and accidental fires (which are very hard to quantify
regarding dioxin emissions). Both small scale waste burning and fires are considered to show a decreasing trend and to be
less common then in other counties.

PAHs

PAHSs result from incomplete combustion. The by far most important source category in the German inventory for PAHs is
small combustion. The same problems as for dioxins apply: emission factors are available but show high uncertainties, usage
pattern are hard to model and regulate. Other sources include steel and mineral industry, power plants, and waste
incineration plants. The quality of emission factors for these categories is very diverse. Moreover, different PAHs are given
for different sectors (Borneff, US EPA, or others). For the 4 expected single substances, very few data are available, with the
possible exception of benzo(a)pyrene. As a result, the PAHs emissions in the inventory are likely to be overestimated.
Overall, the German PAH inventory is quite complete, since most emission come from relatively well regulated combustion
processes. As for dioxins and furans, small scale waste burning and forest fires are not covered.

HCB

Data availability for HCB is considerably worse than for dioxins/furans and PAHs. The pollutant is currently not measured at
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installations, since it is not subject to regulation. Therefore, the German inventory uses mainly default factors from the
EEA/EMEP Guidebook, which do not fit well into time series. In addition, some important sources are missing, such as HCB
emission from smoke munitions. With submission 2016 HCB emissions from pesticide use in the agricultural sector are
reported the first time. Other categories that might have HCB emission, but are currently not covered due to missing
measurements include chemical industry, metal industry and cement production. Nonetheless, some country specific
emission factors for key categories are available.

PCBs

PCBs from waste incineration is well covered and regularly measured at facility level due to current legislation. Data
availability is appropriate. For other industry sectors very few measurements are taken and, again, have considerable
uncertainties. In particular information for 1990 is hard to come by, rendering the creation of a consistent time series a
tough task. All together, the data availability is slightly better than for HCBs. Nevertheless, the PCB inventory is still
incomplete and misses out on probably important source categories, such as PCB emissions from electrical equipment
(capacitors and transformers). Furthermore, in Germany mainly the Ballschmiter value is measured, which is: (PCB 28, 52,
101, 138, 153, 180 )* 5. In contrast to the WHO 2005: (77, 81, 126, 169, 105, 114, 118, 123, 156, 157, 167, 189) TEQ. The
measured congeneres are completely different. On the basis of currently available information (only a few measurements),
Ballschmiter PCBs seem to be remarkable higher than the associated WHO TEQ.

Future improvements

The first step towards an improved German POP inventory is to thoroughly check existing information (mainly EFs), to bring
these up to date and to identify sources and pollutant combinations that need new measurements most. Correlation to
immission data (POP trends measured in the local environment) can help to check for trends to be expected for each
pollutant. Examination of regional differences in immission data can also give clues pointing at key categories. Working
closely with the industry, the German inventory team already had the chance to improve some sources and acquire
measurement result for some categories (e.g. HCB from waste incineration and the copper industry). This work should
continue. More generally, the goal should be to carry out new measurements in respect to the priorities identified in step 1.
This is of course subject to resource availability, since POP measurements are quite expensive. The new measurements
should cover the whole spectrum of POPs in order to get a consistent resulting inventory. More knowledge on the
relationship between different POPs (in terms of values for emission factors) would possibly allow to close gaps and to infer
on historic values currently not available.

Due to the lack of measurement data it's necessary to collect all available information and to exchange experiences at
international level. Therefore the “informal network of POPs inventory compiler” is a good opportunity for all participants to
varify inventory data.
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Explanation of Key Trends - Heavy Metals

N Please note: Data for heavy metals may have issues such as missing
y ! sources. It features considerably higher uncertainties then data for other
" pollutants covered in this report.

Obligations

The 1998 Aarhus Protocol on Heavy Metals under the CLRTAP entered into force late in 2003. It targets three particularly
harmful metals: cadmium, lead and mercury. According to one of the basic obligations, Germany has to reduce its emissions
for these three metals below their levels in 1990.

The Protocol aims to cut emissions from industrial sources (iron and steel industry, non-ferrous metal industry), combustion
processes (power generation, road transport) and waste incineration. It defines stringent limit values for emissions from
stationary sources and suggests best available techniques (BAT) for these sources, such as special filters or scrubbers for
combustion sources or mercury-free processes. The Protocol requires Parties to phase out leaded petrol.

It also introduces measures to lower heavy metal emissions from other products, such as mercury in batteries, and proposes
the introduction of management measures for other mercury-containing products, such as electrical components
(thermostats, switches), measuring devices (thermometers, manometers, barometers), fluorescent lamps, dental amalgam,
pesticides and paint.

Main drivers

Emission of priority heavy metals (cadmium, lead and mercury) decreased significantly since 1990. Most values show
reductions by about 50 to 94% compared to the base year, with the majority of the achievements originating from the early
1990's though.

Overview of percental decreases in HM emissions since 1990:

Arsenic: -94.3%
Cadmium: -69.9%
Copper: -2.1%
Chrome: -56.9%
Mercury: -85.4%
Nickel: -61.4%
Lead: -90.9%
Selenium: -53.6%
Zinc: -36.2%

In 2024 the emissions from arsenic, cadmium, mercury and selenium declined between 2% (selenium) und 7% (cadmium).
The emissions of copper, chrome, nickel, lead and zinc increased between 0,6% (copper) and 2,1% (zinc).

The main source for most heavy metals is fuel combustion and production processes: Energy Industries (NFR 1.A.1) and
Industrial Processes (NFR 2), especially, of course, the Metal Industries (NFR 2.C) emit the majority of arsenic,
cadmium, chrome, lead, mercury and nickel.

In contrast, copper and zinc emissions are mostly governed by the Transport (NFR 1.A.3) sector, resulting mostly from
brake and tyre wear. Thus, trends are connected directly with the annual mileage.

Selenium on the other hand originates mainly from Mineral Industry (NFR 2.A) and to a lesser degree from Transport
(NFR 1.A.3).

Other sources are still to be investigated but generally expected to add little to the total trend.


https://www.unece.org/env/lrtap/hm_h1.html
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Trends

The figure below shows emission trends for heavy metals:
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SECTROR CHAPTERS - OVERVIEW

The folling table provides a comprehensive list of the separate sector chapters included in this Informative Inventory Report.

NFR 1 - ENERGY

1.A - FUEL COMBUSTION ACTIVITIES

1.A.1 - Energy Industries

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

1.A.1.b - Petroleum refining

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

1.A.2 - Fuel Combustion Activities in Industries and Construction

1.A.2.a - Stationary combustion in manufacturing industries and construction: Iron and Steel
1.A.2.b - Stationary combustion in manufacturing industries and construction: Non-ferrous Metals
1.A.2.c - Stationary combustion in manufacturing industries and construction: Chemicals
1.A.2.d - Stationary combustion in manufacturing industries and construction: Pulp, Paper and Print
1.A.2.e - Stationary combustion in manufacturing industries and construction: Food Processing, Beverages and Tobacco
1.A.2.f - Stationary combustion in manufacturing industries and construction: Non-Metallic Minerals
1.A.2.g viii - Stationary Combustion in Manufacturing Industries & Construction: Other
1.A.2.g vii - Mobile Combustion in Manufacturing Industries & Construction

1.A.3 - Transport

1.A.3.a - Civil Aviation

1.A.3.ai (i) - International Civil Aviation: LTO

1.A.3.ai (i) - Domestic Civil Aviation: LTO

1.A.3.a i (ii) - International Civil Aviation: Cruise

1.A.3.aii (ii) - Domestic Civil Aviation: Cruise

1.A.3.b - Road Transport

1.A.3.bi-iv - Emissions from Fuel Combustion in Road Vehicles (Overview)

1.A.3.b i - Road Transport: Passenger Cars

1.A.3.bii - Road Transport: Light duty vehicles

1.A.3.biii - Road Transport: Heavy duty vehicles

1.A.3.b iv - Road Transport: Mopeds & Motorcycles

1.A.3.b v - Gasoline Evaporation

1.A.3.b vi-vii - Emissions from Wear and Abrasion in Road Transport (Overview)

1.A.3.b vi - Road Transport: Tyre and Brake Wear

1.A.3.b vii - Road Transport: Road Abrasion

1.A.3.c - Railways

1.A.3.d - Navigation

1.A.3.d i - International Maritime Navigation

1.A.3.d i (ii) - International Inland Navigation

1.A.3.d ii - National Navigation

1.A.3.e - Other Transport

1.A.3.ei- Pipeline Transport

1.A.4 - Small Combustion

1.A.4.a i - Commercial and Institutional - Stationary Combustion

1.A.4.b i - Residential - Stationary Combustion

1.A.4.ci- Agriculture, Forestry, Fishing - Stationary Combustion

1.A.4.a ii - Commercial / Institutional: Mobile

1.A.4.b ii - Residential: Household and Gardening: Mobile

1.A.4.c ii - Agriculture/Forestry/Fishing: Off-road Vehicles and Other Machinery

1.A.4.c iii - Agriculture/Forestry/Fishing: National Fishing

1.A.5 - Other (including Military)

1.A.5.a - Other: Stationary (including Military)

1.A.5.b - Other: Mobile (including Military)

1.B - FUGITIVE EMISSIONS FROM FUELS

1.B.1 - Solid Fuels
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NFR 1 - ENERGY

1.B.2.a - Qil

1.B.2.b - Natural Gas

1.B.2.c - Flaring

NFR 2 - INDUSTRIAL PROCESSES & PRODUCT USE (IPPU)

2.A - MINERAL INDUSTRY - Overview

2.A.1 - Cement Production

2.A.2 - Lime Production

2.A.3 - Glass Production

2.A.5.a - Quarrying and Mining of Minerals other than Coal

2.A.5.b - Construction and Demolition

2.A.5.c - Storage, Handling and Transport of Mineral Products

2.A.6 - Other Mineral Products

2.B - CHEMICAL INDUSTRY

2.B.1 - Ammonia Production

2.B.2 - Nitric Acid Production

2.B.3 - Adipic Acid Production

2.B.5 - Carbide Production

2.B.6 - Titanium Dioxide Production

2.B.7 - Soda Ash Production

2.B.10.a - Other

2.B.10.b - Storage, Handling and Transport of Chemical Products

2.C - METAL PRODUCTION

2.C.1 - Iron and Steel Production

2.C.2 - Ferroalloys Production

2.C.3 - Aluminum Production

2.C.4 - Magnesium Production

2.C.5 - Lead Production

2.C.6 - Zinc Production

2.C.7.a - Copper Production

2.C.7.b - Nickel Production

2.C.7.c - Other Metal_Production

2.C.7.d - Storage, Handling and Transport of Metal Products

2.D - OTHER SOLVENT & PRODUCT USE

2.D.3.a - Domestic Solvent Use including fungicides

2.D.3.b - Road Paving with Asphalt

2.D.3.c - Asphalt Roofing

2.D.3.d - Coating Applications

2.D.3.e - Degreasing

2.D.3.f - Dry Cleaning

2.D.3.g - Chemical Products

2.D.3.h - Printing

2.D.3.i - Other Solvent Use

2.G - OTHER PRODUCT USE

2.G.4 - Use of Fireworks

2.G.4 - Use of Tobacco

2.G.4 - Charcoal

2.H - Other (Pulp & Paper, Food)

2.H.1 - Pulp and Paper Industry

2.H.2 - Food and Beverages Industry

2.H.3 - Other Industrial Processes

2.1 - Wood Processing

2.J - Production of POPs

2.K - Consumption of POPs and Heavy Metals

2.L - Other Production, Consumption, Storage, Transportation or Handling of Bulk Products

2.L(a) - Handling of Bulk Products
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NFR 1 - ENERGY

2.L(b) - Diffuse Emissions From Industrial Establishments

NFR 3 - AGRICULTURE

3.B - Manure Management

3.D - Agricultural Soils

3.F - Field Burning Of Agricultural Residues

3.1 - Agricultural: Other

NFR 5 - WASTE

5.A - Biological Treatment of Waste - Solid Waste Disposal on Land

5.B.1 - Biological treatment of waste - Composting

5.B.2 - Biological treatment of waste - Anaerobic digestion at biogas facilities

5.C.1.b.v - Cremation

5.C.2 - Open Burning of Waste

5.D.1 - Domestic & Commercial Wastewater Handling

5.D.2 - Industrial Wastewater Handling

5.E.1 - Other Waste: Mechanical-biological Treatment of Waste

5.E.2 - Building and Car Fires

NFR 6 - OTHER SOURCES

6.A.1 - Emissions from human sweating and breathing

6.A.2 - Ammonia emissions from pets

NFR 11 - NATURAL SOURCES

11.B - Forest Fires
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CHAPTER 3: NFR 1 - Energy

Energy and heat generation constitute the most important sources of emissions in Germany. This holds true for almost every
pollutant (a prominent exception of this rule being ammonia, mainly from agriculture). Consequently, this section will look
into the sub-sectors making up the NFR 1 - Energy sector with great detail. For overview information on key activity statistics
and the basis for fuel based estimates please refer to Chapter 1.4 - Methods and Data Sources.

NFR 1 consists of the following sub-categories:

NFR-Code Name of category
1.A Fuel Combustion Activities
1.A.1 [Energy Industries
1.A.2 |Fuel Combustion Activities in Industries and Construction
1.A.3 |Transport
1.A.4 [Small Combustion
1.A.5 [Other (including Military)
1.B Fugitive Emissions
1.B.1 |Solid Fuels
1.B.2.a |Liquid Fuels
1.B.2.b [Gaseous Fuels
1.B.2.c |Flaring
1.B.3 |Geothermal Energy

Visual overview

Emission trends for main pollutants in NFR 1 - Energy:



https://iir.umweltbundesamt.de/2026/general/method_data/start
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/energy_industries/start
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/industry/start
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/transport/start
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/small_combustion/start
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/other_including_military/start
https://iir.umweltbundesamt.de/2026/sector/energy/fugitive/start
https://iir.umweltbundesamt.de/2026/sector/energy/fugitive/solid_fuels/start
https://iir.umweltbundesamt.de/2026/sector/energy/fugitive/oil/start
https://iir.umweltbundesamt.de/2026/sector/energy/fugitive/gas/start
https://iir.umweltbundesamt.de/2026/sector/energy/fugitive/flaring/start
https://iir.umweltbundesamt.de/2026/sector/energy/fugitive/geothermal/start
https://iir.umweltbundesamt.de/2026/_media/sector/iir_nfr1_from_1990.png

IIR2026_extern_for_publication 71/847

Energy/Energie (NFR 1)
Emissions by pollutant / Emissionen nach Schadstoff
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Energy/Energie (NFR 1)
Emissions by pollutant / Emissionen nach Schadstoff
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Contribution of NFRs 1 to 6 to the National Totals


https://iir.umweltbundesamt.de/2026/_media/sector/iir_mp_sharesnfr_incltrans.png
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Contribution of NFR categories to the emissions/Anteile der NFR-Kategorien an den Emissionen
2024 percentages per air pollutant [ Antelle pro Luftschadstoff filir 2024

100%

0%

80%

F0%

60%

50%

§0%

Emissions/Emissionen (%)

30%

20%

10%

0%

NOzx sS02 NMVOC NH3 TSP PM10 PM2.5 Black

Carbon

B 1. Energy/Energie® W 1.A,3 Transport
B 2. Industrial Processes/Industrieprozesse | 3, Agriculture/ Landwirtschaft
5. Waste/Abfall 6. Other/Weitera

* withaut transpart { ohne Verkehr (1.4.3) Quelle: German Emisslan Inventory [06,02.2026)



IIR2026_extern_for_publication 74/847

1.A - Fuel Combustion Activities (OVERVIEW)

NFR-Code Name of Category
1A Fuel Combustion
consisting of / including source categories
1.A.1 Energy Industries
1.A.2 |Fuel Combustion Activities in Industries and Construction
1.A3 Transport
1.A4 Small Combustion
1.A5 Other (including Military)
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1.A.1 - Energy: Energy Industries (OVERVIEW)

NFR-Code Name of Category

Method AD|EF Key Category

1A1

Energy - Energy Industries

see sub-category details

consisting of / including source categories

1.Ala Public electricity and heat production see sub-category details
1.A1lb Petroleum refining see sub-category details
1.Alc Manufacture of solid fuels and other energy industries

see sub-category details



https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/energy_industries/public_electricity_and_heat_production
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/energy_industries/petroleum_refining
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/energy_industries/manufacture_of_solid_fuels_and_other_energy_industries
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1.A.1.a - Public Electricity And Heat Production

Short description

Source category 1.A.1.a - Public Electricity and Heat Production comprises district heating plants and electricity and heat
production of power plants. Waste incineration is also included.

NFR Code Method AD EF
1A1la T2 NS CS
Method(s) applied
D Default
Tl Tier 1/ Simple Methodology *
T2 Tier 2%
T3 Tier 3 / Detailed Methodology *
C CORINAIR
CS Country Specific
M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.
(source for) Activity Data

NS National Statistics
RS Regional Statistics
IS International Statistics
PS Plant Specific
As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled
C Confidential
(source for) Emission Factors
D Default (EMEP Guidebook)
CS Country Specific

PS Plant Specific
M Model / Modelled
C Confidential
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NO,|NMVOC|SO, NH;|PM, ;|PM,,[TSP|BC|CO|Pb|Cd Hg|As|Cr|Cu| Ni |Se|Zn|PCDD/F|B(a)P|B(b)F|B(k)F|I(x)P|PAH1-4 HCB PCBs
LT /- L/t -/- | L/T | L/T |L/T|-/-|L/-|-/-|L/T|L/T|L/T|L/T|L/T|L/T|-/-|L/T| L/T -/- -/- - | -l /- L/-| LT

L/- |key source by Level only

-/T |key source by Trend only

L/T|key source by both Level and Trend

no key source for this pollutant

IE |emission of specific pollutant Included Elsewhere (i.e. in another category)
NE |emission of specific pollutant Not Estimated (yet)

NA |specific pollutant not emitted from this source or activity = Not Applicable
* no analysis done

'
~
[

m

Methodology

A method amounting to Tier 2 is used for emission reporting. This means the use of country-specific data at a more detailed
level. Emission factors and activity data are available for different fuel types, different technologies, plant size, etc. The use
of plant-specific data for a bottom-up approach is not possible. There are fuel data including NO,, SO, and TSP emissions for
large combustion plants, but only measured and verified data were used.

Activity data
Conventional fuels

The key source of all conventional fuels is the National Energy Balance (NEB) V. The fuel input for electricity production is
given in line 11 (“Public thermal power stations”) of the National Energy Balance. The fuel inputs for public heat production
are given in lines 15 (“Public cogeneration plants”) and 16 (“District heating stations”). Above-mentioned data from the NEB
are summarised fuel consumption data. To get technical details which are needed for calculating emissions, additional
statistical data are used.

All the data is filled in to the calculation model “Balance of Emission Sources” which is part of the central database (CSE).
The aim of this database is to produce more detailed fuel consumption data which are adjusted to the special technical
characteristics of electricity and heat production. As a result, fuel-specific and technology-specific emission factors may be
applied to the relevant activity rates. As a result, 153 time series were implemented in the database CSE. The years
1990-1994 required a different structure within the database with 153 additional time series, since 1990 was the year of the
re-unification in Germany with two different statistical offices and two data systems.

When the calculations for the submission were done, the Energy Balance for the inventory year was not yet available in its
final version. Therefore, for the year 2024 data from the preliminary Energy Balance are used, provided by the Working
Group on Energy Balances. Typically, finalization of the energy balance data leads to recalculations for the previous year.
Additionally, every 2 years the energy balance goes through updates for the years starting from 2003, which also leads to
recalculations. (For more information please see the recalculations section).

For waste incineration plants, both energy and waste statistics are used to ensure completeness and to avoid double
counting.

Biomass

The database for the calculation model consists of the National Energy Balance. Line 14 (“Hydro, wind, photovoltaic and
other power stations”) comprises all systems/ plants that generate electricity from biogas, landfill gas, sewage-treatment
gas or solid biomass and feed the electricity into the public grid. Since no cut-off limit applies for such systems, this category
includes very small systems, too. German statistics provide only electricity generation data of those biomass plants, who
feed into the public grid. But the Renewable Energy Act (EEG) does allow a full registration of electricity generation from
renewable energies. However, the calculation of fuel data is connected with high uncertainties, since an average generation
efficiency is necessary for the conversion.
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Waste

Activity data from waste incineration plants are given by the waste statistics of the Federal Statistical Office .

Waste quantities are available at a very detailed level for different economic sectors. Municipal and industrial waste were
classified in keeping with the Ordinance on the European Waste Catalogue (AVV), with industrial waste including all waste
with waste-classification numbers beginning with the numbers 01 through 19.

Emission factors

Large and medium combustion plants

The underlying data for the emission factors used is provided by the report on the research project “Ermittlung und
Evaluierung von Emissionsfaktoren fur Feuerungsanlagen in Deutschland fir die Jahre 1995, 2000 und 2010” (Determination
and evaluation of emission factors for combustion systems in Germany for the years 1995, 2000 and 2010“; RENTZ et al,
2002)°.

The values for the intermediate years 1996-1999 and 2001-2008 are obtained via linear interpolation.

The project, along with the linear interpolation for the intermediate years, has also provided the underlying data for the
source categories 1.A.1.b, 1.A.1.c and 1.A.2.f i, where the factors include power plants, gas turbines or boilers for production
of steam and hot/warm water. The research project was carried out by the Franco-German Institute for Environmental
research (Deutsch-Franzésisches Institut fur Umweltforschung - DFIU) at the University of Karlsruhe and was completed in
late 2002. The project's aim was to determine and evaluate representative emission factors for the years 1995, 2000 and
2010 for the main air pollutants produced by combustion plants and gas turbine plants in Germany that are subject to
licensing requirements. This process consists primarily of analysing and characterising the relevant emitter structures, and
the pertinent emission factors, for the year 1995, and then of updating the data for the years 2000 and 2010. This procedure
systematically determines emission factors for the substances SO,, NO,, CO, NMVOC, dust, and N,O. The process
differentiates between 12 coal fuels, 4 liquid fuels, 7 gaseous fuels and firewood. In addition, the available data relative to
emission factors of other substances are also compiled; these other substances include PAH, PCDD/F, As, and Cd for
combustion systems subject to licensing requirements.

As part of another research project, completed in February 2007, for updating the National Programme in the framework of
directive 2001/81/EC on national emission ceilings for certain atmospheric pollutants (“NEC Directive”), individual emission
factors for the components SO,, NO, and dust were revised in keeping with recent findings.

In 2018 and 2019 SO,, NO,, TSP, PM, CO, NH, and Hg emission factors were revised for all large combustion plants.”
completed in 2011. Since the data set was not complete that time, in some cases a revision until 2004 was necessary.

Heavy metal emission factors are mainly the result of a comprehensive study of PRTR data, which provide information about
emissions and the quality (measurement/estimated/calculated data) of large combustion plants. The combination of
emission from PRTR and the relevant fuel data, which contains additional data of large combustion plants (EU legislative),
allows the determination of plant-specific emission factors. Due to the fact, that only some plants do really measure heavy
metals, the determined emission factors were used for the whole sector (1.A.1.a).

HCB emission factors of hard coal were taken from the EMEP/EEA Guidebook 2009. Black carbon emission factors for all fuels
are given by the EMEP/EEA Guidebook 2019.

Regarding natural gas and light fuel oil, SO, emission factors were calculated by using data on the sulfur content. In terms of
natural gas, sulfur content has been measured during a project. Data on all important regions is available. The sulfur of the
odorization is also considered, which is a slightly conservative, since not all plants use natural gas with odorization.
Concerning light fuel oil, the limit value is used for emission reporting. It can be assumed that large combustion plants
mainly use light fuel oil with a sulfur content of 1000 mg/kg while low-sulfur fuel oil is mainly used in small combustion
plants.

Engines

Emission factors for gas engines were determined by the project: “Processing of data in emissions declarations pursuant to
the 11th Ordinance on the Execution of the Federal Immission Control Act”. Additional data were provided by the local



IIR2026_extern_for_publication 79/847

authorities (results of emission monitoring). All emission factors used for reporting are derived from plants which are subject
of licensing and reviewed by the competent authorities.

However, a large number of the 7,500 biogas plants in Germany does not require a license. Due to the small size of the
plants the total fuel consumption of small biogas plants is lower than fuel consumption of those plants who need a permit.
Since emission behaviour of small and medium sized plants is completely different, it's necessary to use specific emission
factors for each plant type. The calculation of activity data of small and medium sized plants is based on data from the
Federal Network Agency. Emission factors are a result of different regional measurement compaigns in Saxony and Bavaria
and the project: “Analysis of the emissions from biogas plants, and quantification of material flows through such plants, for
ecological assessment of agricultural-sector biogas production and for inventories of the German agricultural sector” (DBFZ
2014). Emission factors for liquid fuels are given by the project: “Determination of the state-of-the-art of emission control
techniques for stationary internal combustion engines”, carried out by (Mlller-BBM, 2010).

Waste incineration plants

Data source for emission factors of waste incineration plants is the project: “Review of the emission factors for waste
incineration”, carried out by Daschner et al. (2010)”. The aim of the study was to determine emission factors for municipal
waste, industrial waste, hazardous waste, waste wood and sewage sludge incineration. Emission factors for 25 pollutants are
available. The different fuel categories are consistent with the waste statistic. The fuel category “industrial waste” has
different meanings: substitute fuel originate from municipal or industrial waste or untreated production waste. This kind of
fuels were basically incinerated in so called waste-to-energy-plants (in German EBS-Kraftwerke). Compared to conventional
municipal waste incineration plants, “EBS-Kraftwerke” are mostly smaller and more efficient. There are also some technical
differences. All these plants have to comply with the same limit values. Nevertheless emission factors are different due to
different abatement technology and operating conditions. HCB emission factors of municipal waste are derived from a
measurement project initiated by the industrial association. The 1990 value for waste incineration plants is an expert
judgement derived from the development of legislative regulation.

Furthermore it was necessary to develop a method to calculate emissions from co-incineration systems. In Germany there is
a large number of coal fired power plants, which also use a relevant amount of different waste fuels like sewage sludge,
industrial waste (for example from paper industry), conditioned municipal waste etc. Since plant-specific data cannot be
used, it's necessary to calculate emissions at a more aggregated level. Fuel data are available from ETS. Furthermore the
information about the coal qualities is available. Therefore it's possible to calculate specific emission factors for co-
incinerated waste fuels.

Table 1: Implied emission factors for public electricity and heat production for 2024

SO,| NO, [TSP| CO |Pb | Hg | Cd
[kg/T)] [9/T)]

Hard Coal 37.9/48.8|1.5| 6.6 |3.67/1.03|0.50
Lignite 42.9/70.1|1.6|32.6 2.73(2.49/|0.37
Natural gas 0.1/40.7|0.3(12.3 | NA |0.01| NA
Liquid fuels 38.6(105.5(3.9 | 27.2 |2.17|0.41(0.08
Biomass (excluding waste)|54.0(164.6| 4.3 |133.7|4.13(0.12(0.09
Waste fuels 6.3/60.0|0.4| 6.1 ({2.10/0.85/0.28

The table gives an overview of the implied emission factors. In reality, the German inventory compiling process is very
complex and includes the use of a considerable number of emission factors, which cannot be published completely in the IIR.
There are different emission factors available for diverse fuel types, various techniques and licensing requirements.
However, the implied emission factor may give an impression about the order of magnitude.

PM,, and PM, ; emission factors are calculated as a fraction of TSP. Regarding all solid fuels the share of PM,, is 90 % and the
share of PM, is 80 %. This is a simple but also conservative approach, knowing that, in reality, PM emissions depend on fuel,
combustion and abatement technologies. In terms of natural gas and biogas PM,, and PM, . fractions are considered as 100
% of TSP. Regarding wood a share of 100% PM,, and 90% PM,; is used. For liquid fuels the default share of 100% PM,, and
PM, ; is used. In the cases of co-incineration, where liquid fuels are only used for ignition in coal fired plants, the share of coal
fired plants is used. PM emission reporting starts in 1995, since no sufficient information about the dust composition of the
early 1990s is available.
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Trend discussion for Key Sources

The following diagrams give an overview of the dominant emission trends of selected pollutants.

Fuel Consumption

The first graph shows that the total energy consumption of fossil fuels for public electricity and heat consumption didn't
change very much since 1990. The main reasons are the rising electricity demand and a great number of industrial power
plants whose emissions are now reported in source category 1.A.1.a. From 1990 to the present time, a slight fuel switch
from coal to natural gas was observed. In 2009 fuel consumption of all fossil fuels decreased remarkably as a result of the
economic crisis. The economic recovery in 2010 led to an increasing fuel consumption because of the increasing electricity
demand. 2021 and 2022 saw an increase of coal consumption, due to the difficulties with natural gas availaibility during that
period. In recent years the consumption is decreasing, getting back to the previous trend. Biomass consumption rises
considerably from 2003 onwards, due to the legislative aid of renewable energies.
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Annual activity data for waste fuels and biomass
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Sulfur Oxides - SOx

SO, emission trend shows the big dominance of lignite due to high Sulphur content of lignite fuels. However SO, emissions
decrease more than lignite consumption does. Before the German Reunification in 1990, lignite fired public power plants in
Eastern Germany didn't use flue gas desulphurisation plants. The implementation of stricter regulations in the New German
Lander resulted in considerably decreasing emissions. In recent years the development of SO, emissions is mainly influenced
by coal consumption. From 2005 onwards biogas which has a considerable sulphur content gained in importance. In 2016
emissions from coal fired plants decreased considerably due to a stricter regulation related to the limit values and the
reduction efficiency of desulfurization plants. The emission reduction in 2019 and 2020 is a result of the decreasing coal
consumption.
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Annual SO, emissions from stationary combustion plants in 1.A.1.a
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Nitrogen Oxides - NOx

Nitrogen oxides emissions decreases due to declining lignite consumption in the early 1990s and due to NO, emission
reduction measurements in the New German Lander. After 2002 the increasing consumption of natural gas biogas, wood and
other biomass in the public sector gain influence and increases NO, emissions. The upward trend was only interrupted by the
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economic crises in 2009. From 2014 onwards NO, emissions decreases mainly caused by the decreasing hard coal
consumption.

Annual NOx emissions from stationary combustion plantsin 1.A.1.a
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Particulate Matter - PM2.5 & PM10 & TSP

Similar to SO, emissions, Particulate Matter emissions decreases considerably since 1990 due to stricter regulations in
eastern Germany. After 2002 PM,, and PM, ; emission trends were influenced by the increasing use of biomass for public
electricity and heat production. TSP and PM emissions from coal fired plants show a decreasing trend from 2005 onwards
due to improvements of abatement systems. The remarkable emission reduction in 2019 and 2020 is a result of the
deacreasing coal consumption.
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Annual PM2.5 emissions from stationary combustion plants in 1.A.1.a
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Annual TSP emissions from stationary combustion plants in 1.A.1.a
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Priority Heavy metal - Hg, Pb & Cd

Emission trends of all priority heavy metals are mostly influenced by the emissions from lignite use. The reasons of the
declining emissions are on the one hand the decreasing lignite consumption and on the other hand the implementation of
stricter regulations in eastern Germany. Due to the fact, that heavy metal emission factors for waste incineration plants are
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constant, emission trends solely depend on coal consumption. In reality emission trends of all heavy metals would be more
influenced by the emissions from waste fuels, since the emission factors for waste incineration plants in 1990 are expected
to be high. In recent years emissions from Biomass combustion gain more and more influence on the trend.

Annual Hg emissions from stationary combustion plantsin 1.A.1.a
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Annual Cd emissions from stationary combustion plants in 1.A.1.a
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Persistent Organic Pollutants

Main driver of the dioxin emission trend is by far waste incineration with high specific emissions in the early 90s and
considerably decreasing emissions due to stricter regulations in Germany. In recent years emissions remain stable at a very
low level.
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Annual PCDD/PCDF emissions from stationary combustion plantsin 1.A.1.a
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Recalculations

At the time of compiling the inventory, national energy balance is only available provisionally. Therefore, the finalization of
the energy balance for 2023 led to recalculations. Moreover, for the purpose of improving data quality, national energy
balances go under revisions every two years (for the years starting from 2003) through fine-tuning of the computational
models, consideration of new statistics or re-allocation of activity data. Due to the revisions on the input data for submission

2026, recalculations took place

estimates for Base Year and 2023, please see the recalculation tables

“ For pollutant-specific information on recalculated emission
following chapter 9.1 - Recalculations.

Planned improvements

Although there are new POPs emission factors available for waste incineration plants for 2015, their implementation can only
take place after a trend discussion with the experts and after a clear consensus is achieved.

The new PCB emission factors cannot be currently used since it would impair the current inventory structure and impede a
thorough and correct key source analyses. The PCB emission factors were measured according to the WHO-TEQ. The values
which are currently used in the inventory are based on measurements according to German standards (Ballschmiter, LAGA)
with a factor of 100,000 between both EF sources. The implementation of the new PCB emission factors will only be possible
when new PCB emission factors are available for iron and steel production and cement industry, too.

Y AGEB (2025): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz fiir
die Bundesrepublik Deutschland; https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xlIsx, (Aufruf: 04.12.2025), K6In

& Berlin, September 2025
? Destatis (2024): Federal Statistical Office (Statistisches Bundesamt): Fachserie 19, Reihe 1: Abfallentsorgung -


https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xlsx
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https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/Wasserwirtschaft/_inhalt.html#sprg238684, Wiesbaden,
2024,

¥ Rentz et al. (2002): Rentz, O., Karl, U., Peter, H.: Ermittlung und Evaluierung von Emissionsfaktoren fiir Feuerungsanlagen
in Deutschland fir die Jahre 1995, 2000 und 2010: Forschungsbericht 299 43 142; on behalf of the Umweltbundesamt; final
report; Deutsch-Franzdsisches Inst. f. Umweltforschung, Univ. (TH); https://publikationen.bibliothek.kit.edu/21412002;
Karlsruhe / Dessau-RoRlau, 2002.

* UBA2019]) For the reporting year 2016 a complete data set is available. In former times data were not complete. There
was no reporting obligation of co-incineration plants. The large combustion data base was also the data basis of the research
project (Fichtner et al. 2011)[(FICHTNER2011

 Daschner et al. (2010): Daschner, R., Faulstich, Prof. Dr. M., Quicker, Prof. Dr. P., Binder, S.: Waste incineration:
“Uberpriifung der Emissionsfaktoren fiir die Abfallverbrennung”; UFOPlan FKZ 3708 49 1075, ATZ Entwicklungszentrum, on
behalf of the Umweltbundesamt, Dessau-RoRlau, not published

® AGEB (2025a): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz fiir
die Bundesrepublik Deutschland;

https://ag-energiebilanzen.de/daten-und-fakten/bilanzen-ab-1990/? jahresbereich-bilanz=2021-2030, (Aufruf: 04.12.2025),
KéIn & Berlin, September 2025


https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/Wasserwirtschaft/_inhalt.html#sprg238684
https://publikationen.bibliothek.kit.edu/21412002
https://ag-energiebilanzen.de/daten-und-fakten/bilanzen-ab-1990/?_jahresbereich-bilanz=2021-2030
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1.A.1.b - Petroleum Refining

Short description

Source catagory Petroleum Refining (1.A.1.b) comprises both refinery heating plants and electricity and heat production of
refinery power plants.

NFR Code Method AD EF
1.A1b T2 NS ()
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NFR Code | Method AD EF

Method(s) applied

D Default

Tl Tier 1 / Simple Methodology *

T2 Tier 2%

T3 Tier 3 / Detailed Methodology *

C CORINAIR

CS Country Specific

M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.
(source for) Activity Data

NS National Statistics
RS Regional Statistics
IS International Statistics
PS Plant Specific
As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled
C Confidential
(source for) Emission Factors
D Default (EMEP Guidebook)
(o) Country Specific
PS Plant Specific
M Model / Modelled
C Confidential

NO,/NMVOC|SO,NH,PM, ;[PM,,[TSP|BC|CO|Pb|Cd|Hg|As|Cr|Cu|Ni | Se [zn[PCDD/F|B(a)P[B(b)F|B(K)F I(x)P|PAH1-4|HCB|PCBS
-1 el e e e e e e e e [ e [

L/- |key source by Level only
-/T |key source by Trend only
L/T|key source by both Level and Trend
-/- |no key source for this pollutant
IE |emission of specific pollutant Included Elsewhere (i.e. in another category)
NE |emission of specific pollutant Not Estimated (yet)
NA |specific pollutant not emitted from this source or activity = Not Applicable
* no analysis done

Methodology

Refinery processes are very complex. Therefore the development of an adequate calculation method is demanding. Since
plant specific data are not complete and partly contradictory, a plant specific reporting is not possible. Data is used to
determine fuel specific emission factors as general basis of the calculation model. However, in reality, a large number of
fuels and waste fuels with different fuel characteristics is used for combustion processes. Insofar the calculation model is
limited. Only some refinery power plants use wet desulfurisation in order to decrease sulfur emissions. Usually the fuels mix
ensures the compliance with the limit values.

Activity data

Fuel inputs for electricity production in refinery power stations are included in Energy Balance line 12 (“Industrial power
stations (only for electricity)”). Energy Balance line 38 (“Refineries”) shows the energy consumption (for heat production) of
refineries.

Fuel inputs for heat production in refinery power plants and for bottom heating in refinery processes are derived from these
figures.
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Fuel inputs for electricity and heat production in petroleum refining are determined by combining the national statistics of
the Federal statistical Office (DESTATIS) and the Federal Office of Economics and Export Control (BAFA) °.

Energy inputs in facilities for used-oil processing are reported under 1.A.1.c - Manufacture Of Solid Fuels And Other Energy

Industries sector.

Emission factors

The emission factors for refinery power plants have been taken from the research project “Determination and evaluation of
emission factors for combustion systems in Germany for the years 1995, 2000 and 2010” (Rentz et al., 2002)*.

A detailed description of the procedure is presented in Chapter: 1.A.1.a - Public Electricity And Heat Production.

Emission factors are available for different fuel types and combustion technologies. The distinction between refinery power
plants and bottom heating in refinery processes is necessary since bottom heating systems have considerably higher
specific emissions.

The first results of a research project to evaluate data from emission declarations for the years 2004, 2008, 2012 and 2016
for all refineries for refinery gas provides the following emission factor range:

Table 1: Range of emission factors, in kg/T]

Range
SO, 4,79 -16.09
co 1.02-1.85

NO, 36.71 - 45.60
NMVOC|0.843 - 1.170
TSP 0.24 - 0.37

Before these emission factors can be applied, their representativeness have be ensured. Further quality checks are
necessary in order to reproduce the trend correctly.

Trend discussion for Key Sources

Since 1990, fuel consumption has shown a slightly increasing overall trend. While some relevant installations have been
decommissioned since 1990 - especially in the territory of the former GDR - production increased nevertheless. And while
installation efficiencies were improved, increased production of lighter petroleum products and intensified
hydrosulphurisation, which led to increases in specific fuel consumptions.

Annual fluctuations of all fuel types can be explained as the result of differences in production quantities.

A substantial production of petroleum products occurred in 2005, as a result of a shortfall in capacity in the USA, which led
to an increase in imports. Thereafter, production decreased by reducing excess capacities all over Europe.

The increasing use of natural gas in recent years led to decreasing emissions of all pollutants (except NO, ).

The following chart gives an overview of the fuel consumption in the refinery sector:
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Annual fuel consumptionin 1.A.1.b
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Recalculations

At the time of compiling the inventory, national energy balance is only available provisionally. Therefore, the finalization of
the energy balance for 2023 led to recalculations. Moreover, for the purpose of improving data quality, national energy
balances go under revisions every two years (for the years starting from 2003) through fine-tuning of the computational
models, consideration of new statistics or re-allocation of activity data. Due to the revisions on the input data for submission
2026, recalculations took place .

estimates for Base Year and 2023, please see the recalculation tables

0 For pollutant-specific information on recalculated emission
following chapter 9.1 - Recalculations.

Planned improvements

It is planned to revise emission factors for all pollutants on the basis of the above-mentioned project.

Y AGEB (2025): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz fiir
die Bundesrepublik Deutschland; https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xIsx, (Aufruf: 04.12.2025), KéIn
& Berlin, September 2025

2 BAFA (2025): Federal Office of Economics and Export Control (Bundesamt fur Wirtschaft und Ausfuhrkontrolle, BAFA):
Amtliche Mineral6ldaten fir die Bundesrepublik Deutschland;
https://www.bafa.de/SharedDocs/Downloads/DE/Energie/Mineraloel/moel_amtliche_daten_2024 12.html, Eschborn, 2025.

¥ Rentz et al. (2002): Rentz, O., Karl, U., Peter, H.: Ermittlung und Evaluierung von Emissionsfaktoren flir Feuerungsanlagen
in Deutschland fur die Jahre 1995, 2000 und 2010: Forschungsbericht 299 43 142; on behalf of the Umweltbundesamt; final

report; Deutsch-Franzdésisches Inst. f. Umweltforschung, Univ. (TH); https://publikationen.bibliothek.kit.edu/21412002;
Karlsruhe / Dessau-RoBlau, 2002.


https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xlsx
https://www.bafa.de/SharedDocs/Downloads/DE/Energie/Mineraloel/moel_amtliche_daten_2024_12.html
https://publikationen.bibliothek.kit.edu/21412002
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“ AGEB (2025a): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz fiir
die Bundesrepublik Deutschland;

https://ag-energiebilanzen.de/daten-und-fakten/bilanzen-ab-1990/?_jahresbereich-bilanz=2021-2030, (Aufruf: 04.12.2025),
KéIn & Berlin, September 2025


https://ag-energiebilanzen.de/daten-und-fakten/bilanzen-ab-1990/?_jahresbereich-bilanz=2021-2030
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1.A.1.c - Manufacture Of Solid Fuels And Other Energy
Industries

Short description

Source category 1.A.1.c - Manufacture Of Solid Fuels And Other Energy Industries includes hard-coal and lignite mining,
coking and briquetting plants and extraction of crude oil and natural gas. Used-oil processing plants are also included. Here,
CO emissions from coking plants are reported in NFR sub-category 1.B.1.b.

NFR Code Method AD EF
1.Alc T2 NS CS
Method(s) applied
D Default
Tl Tier 1 / Simple Methodology *
T2 Tier 2*
T3 Tier 3 / Detailed Methodology *
C CORINAIR
CS Country Specific
M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.
(source for) Activity Data

NS National Statistics
RS Regional Statistics
IS International Statistics
PS Plant Specific
As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled
C Confidential
(source for) Emission Factors
D Default (EMEP Guidebook)
CS Country Specific
PS Plant Specific
M Model / Modelled

C Confidential
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NO,[NMVOC|SO,|NH;|PM, ;| PM,, TSP|BC|CO(Pb|Cd Hg|As|Cr|Cu|Ni|Se(Zn|PCDD/F|B(a)P|B(b)FB(k)F|I(x)P|PAH1-4 HCB|PCBs
Lty /- |UT|--| T | - |LUT|-[-|--|-/-|LUTILTILTLTLTL/T-- LT -/ /- /- - | - /- - | -
L/- |key source by Level only

-/T |key source by Trend only
L/T|key source by both Level and Trend

-/- [no key source for this pollutant

IE [emission of specific pollutant Included Elsewhere (i.e. in another category)
NE [emission of specific pollutant Not Estimated (yet)

NA [specific pollutant not emitted from this source or activity = Not Applicable
* no analysis done

Method

Activity data

Fuel inputs for electricity production in power plants of the hard-coal and lignite mining sector are listed in Energy Balance
line 12 “Industrial power stations”. Fuel inputs for heat production in the transformation sector are listed in Energy Balance
lines 33-39 " 7.

Fuel inputs for electricity production in power stations of the hard-coal mining sector are determined with the help of figures
of the Federal Statistical Office (DESTATIS). The activity rates for heat production in power stations of the hard-coal mining
sector correspond to Energy Balance line 34 “Energy input in pit and briquette plants of the hard-coal mining sector”. The
listed fuel input for electricity and heat production in pit power plants is based on association information from DEBRIV (the
federal German association of all lignite producing companies and their affiliated organisations). Inputs for heat production,
especially for lignite drying for production of lignite products, are not shown in the Energy Balance. Those are calculated
from figures for production of lignite products (STATISTIK DER KOHLENWIRTSCHAFT)® and from the specific fuel inputs
required for dying from DEBRIV.

Energy consumption data for hard-coal coke production are provided by the Energy Balance line 33* .

The fuel input for heat production in the remaining transformation sector is obtained by combining the energy consumption
figures in Energy Balance lines 33 to 39 (total energy consumption in the transformation sector). These figures include the

pits' own consumption, facilities for petroleum and natural gas production and for processing of old oil; plants that produce
coal products; plants for production and processing of fissile and fertile materials; and wastewater-treatment facilities.

Emission factors

The emission factors for power stations and other boiler combustion for production of steam and hot water, in source
category 1.A.1.c, have been taken from the research project “Determination and evaluation of emission factors for
combustion systems in Germany for the years 1995, 2000 and 2010” (Rentz et al., 2002)”. A detailed description of the
procedure is presented in Chapter: 1.A.1.a - Public Electricity And Heat Production. In 2018 all emission factors for large
combustion plants were revised (UBA, 2019)”.

The German inventory compiling process is very complex and includes the use of a considerable number of emission factors,
which cannot be published completely in the IIR. The emission factors are available for diverse fuel types, various techniques
and licensing requirements.

PM,, and PM, ; emission factors are calculated as a fraction of TSP. The share of PM,, is 90 % and the share of PM, is 80 %.
This is a simple but also conservative approach, knowing that, in reality, PM emissions depend on fuel, combustion and
abatement technologies. PM emission reporting starts in 1995, since no sufficient information about the dust composition of
the early 1990th is available.

Emission factors of sewage sludge refer to mono-incineration, using fluidized-bed combustion. Emission factors of coke oven
gas do not include underfiring systems of coking plants. The determination of emission factors of coking plants is described
in the study: “Emissionsfaktoren zur Eisen und Stahlindustrie flr die Emissionsberichterstattung” carried out by Hensmann
et al.(2011)". Emission factors refer to the produced amount of coke, distinction is drawn between diffuse and channelled
sources. The following graph gives an overview of the methodology:
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Table 2: emission factors for coking plants (solely channelled sources)

SO, | NO, | cO [TSP|PM,NH,|  B[alP  |Benzene
[g/t product] [mg/t product]| Unit
220.5|529.9/828.2[25.9/12.1| 1.9 7.2 36.2

Trend Discussion for Key Sources

sulphuric acid plant
[ channelled )

| —
coal byproducts
plant

The following diagrams give an overview and assistance for explaining the dominant emission trends of selected pollutants.

Sulfur Oxides - SOx

The graph shows sharp declining SO, emissions between 1990 and 1995 due to decreasing lignite consumption as well as

the implementation of stricter regulations in eastern Germany. In the former GDR lignite industry was of prime importance
for the economy. After the reunification, lignite briquette production in eastern Germany collapsed. The remaining factories
had to install flue gas desulphurisation plants. The strong decline of SO, emissions in 2012 can be explained by the change

of some power plants from the industrial to the public sector as a result of the closure of hard coal mines. A further reduction

of SO, emission factors followed in 2016 when the reduction efficiency of desulfurization plants increased from 95 to 96%.
However, this effect is counterbalanced by the increased use of lignite.
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Annual SO, emissions from stationary combustion plants in 1.A.1.c
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Nitrogen Oxides - NOx

NO, emissions decrease gradually from 1990 to 2001. The main reasons are the minor fuel use of lignite and of hard coal in
this sector and the adaptation of regulations in eastern Germany to the western standard. Besides German hard coal
production decreased considerably since 1990. Therefore some hard coal fired industrial power plants changed from sector
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1.A.1.c to the public sector. This is also the reason for the significant emission reduction in 2012.

Annual NOx emissions from stationary combustion plants in 1.A.1.c
120

M Lignite W Hard coal Liguid fuels MNatural gas & pit gas Remaining fuels
100
80
=
W
]
=
o
E 60
=
el
a
c
=]
8
2
E
i
20 | | ‘
0 IIIIIIIIIIIIIIIIIIIIl||||--.
g & P o P o PP P
» w P wF \5” ’p f\. “.. '\. A G R

Total Suspended Matter - TSP, PM10 & PM2.5

Annual TSP emissions from stationary combustion plants in 1.A.1.c
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Emission estimates [kt]
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Annual PM2.5 emissions from stationary combustion plants in 1.A.1.c
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Priority Heavy Metal - Hg, Pb & Cd

Similar to SO, emissions, TSP and Priority Heavy Metal emission trends show a high dominance of emissions from lignite
combustion. Like already discussed for other pollutants, the main reason for sharp declining emissions in this sector is the
complete restructuring of the east German lignite industry. The low standard of dust abatement in eastern Germany in the
early 1990s involved high heavy metal emissions too. The closing of briquette factories and the implementation of stricter
regulations resulted in a considerable improvement of the air quality especially in the New German Lander.
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Annual Hg emissions from stationary combustion plants in 1.A.1.c
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Annual Cd emissions from stationary combustion plants in 1.A.1.c
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Recalculations

At the time of compiling the inventory, national energy balance is only available provisionally. Therefore, the finalization of
the energy balance for 2023 led to recalculations. Moreover, for the purpose of improving data quality, national energy
balances go under revisions every two years (for the years starting from 2003) through fine-tuning of the computational
models, consideration of new statistics or re-allocation of activity data. Due to the revisions on the input data for submission
2026, recalculations took place ?.

estimates for Base Year and 2023, please see the recalculation tables

“ For pollutant-specific information on recalculated emission
following chapter 9.1 - Recalculations.

Planned improvements

At the moment, no category-specific improvements are
planned.

14 AGEB (2025): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz fiir
die Bundesrepublik Deutschland; https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xIsx, (Aufruf: 04.12.2025), KéIn
& Berlin, September 2025

2319 AGEB (2025a): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz
fur die Bundesrepublik Deutschland;

https://ag-energiebilanzen.de/daten-und-fakten/bilanzen-ab-1990/? jahresbereich-bilanz=2021-2030, (Aufruf: 04.12.2025),
Kéln & Berlin, September 2025


https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xlsx
https://ag-energiebilanzen.de/daten-und-fakten/bilanzen-ab-1990/?_jahresbereich-bilanz=2021-2030
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¥ Statistik der Kohlenwirtschaft, 2021 - URL: https://www.kohlenstatistik.de

® Rentz et al. (2002): Rentz, O., Karl, U., Peter, H.: Ermittlung und Evaluierung von Emissionsfaktoren fiir Feuerungsanlagen
in Deutschland fir die Jahre 1995, 2000 und 2010: Forschungsbericht 299 43 142; on behalf of the Umweltbundesamt; final
report; Deutsch-Franzdsisches Inst. f. Umweltforschung, Univ. (TH); https://publikationen.bibliothek.kit.edu/21412002;
Karlsruhe / Dessau-RoRlau, 2002.

7 UBA (2019): Juhrich, K. and Beckers, R.: “Updating the Emission Factors for Large Combustion Plants”,
https://www.umweltbundesamt.de/publikationen/updating-emission-factors-large-combustion-plants, Dessau-RoRBlau, 2019
® Hensmann et al. (2011): Hensmann, M., Haardt, S., Ebert, D.: Emissionsfaktoren zur Eisen- und Stahlindustrie fiir die
Emissionsberichterstattung (FKZ 3707 42 301);
https://www.umweltbundesamt.de/sites/default/files/medien/publikation/long/4362.pdf, on behalf of the Umweltbundesamt,
Dessau-RoBlau, October 2012


https://www.kohlenstatistik.de
https://publikationen.bibliothek.kit.edu/21412002
https://www.umweltbundesamt.de/publikationen/updating-emission-factors-large-combustion-plants
https://www.umweltbundesamt.de/sites/default/files/medien/publikation/long/4362.pdf
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1.A.2 - Fuel Combustion Activities in Industries and
Construction (OVERVIEW)

Short description

In sub-sector 1.A.2 - Fuel Combustion Activities in Industries and Construction emissions from both stationary and
mobile fuel combustion activities in industries and construction are reported within the following sub-categories:

NFR-Code |Name of Category
Stationary Combustion in Manufacturing Industries and Construction

1.A2.a Iron and Steel

1.A2.b Non-ferrous Metals

1.A2.c Chemicals

1.A2d Pulp, Paper and Print

1.A2.e Food Processing, Beverages and Tobacco
1.A2f Non-Metallic Minerals

1.A.2.g viii |Other

Mobile Combustion in Manufacturing Industries and Construction
1.A.2.g vii |Mobile Combustion in Manufacturing Industries & Construction

The German emission inventory is generally based on the emission behaviour of the plants. Therefore it's necessary to
distinguish between process-combustion on the one hand and industrial power plants and boiler systems on the other hand.

The emission behaviour of power plants and boiler systems of the various industrial sectors is similar. That's why all the
emissions from these type of plants were reported under source category 1.A.2.g.viii other. Whereas the emission behaviour
of the different process-combustion systems is individual. A distinction between fuel and process related emissions is usually
not possible. Therefore all emissions from process-combustion systems are reported in the corresponding source category of
the industry sector NFR 2.


https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/industry/iron_and_steel
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/industry/non-ferrous_metals
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/industry/chemicals
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/industry/pulp_paper_and_print
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/industry/food_processing_beverages_and_tobacco
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/industry/non-metallic_minerals
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/industry/other/start
https://iir.umweltbundesamt.de/2026/sector/energy/fuel_combustion/industry/mobile_combustion_in_manufacturing_industries_construction
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1.A.2.a - Stationary Combustion in Manufacturing
Industries and Construction: Iron and Steel

Short description

Category Code Method AD EF
1.A2.a T2 NS ?
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Category Code | Method AD EF

Method(s) applied

D Default

Tl Tier 1 / Simple Methodology *

T2 Tier 2%

T3 Tier 3 / Detailed Methodology *

C CORINAIR

CS Country Specific

M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.
(source for) Activity Data

NS National Statistics
RS Regional Statistics
IS International Statistics
PS Plant Specific
As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled
C Confidential
(source for) Emission Factors
D Default (EMEP Guidebook)
(o) Country Specific
PS Plant Specific
M Model / Modelled
C Confidential

NO, NMVOC|SO,|NH;|PM, ;|PM,,[TSP|BC|CO|Pb|Cd|Hg|As|Cr|Cu|Ni|Se|Zn|PCDD/F|B(a)P|B(b)F B(k)F|l(x)P|PAH1-4 HCB|PCBs
ST - -/-|-[-| -I- | -/~ | -/- INE[-/-|IE|IE|-/- NE|NE[NE|NE[NE[NE| -/- -I- NE | NE | NE -/- NA | NA

L/-|key source by Level only
-/T [key source by Trend only
L/T|key source by both Level and Trend
-/- |no key source for this pollutant
IE |emission of specific pollutant Included Elsewhere (i.e. in another category)
NE [emission of specific pollutant Not Estimated (yet)
NA [specific pollutant not emitted from this source or activity = Not Applicable
* no analysis done

In 2024, a total of 26.5 million tonnes of raw steel were produced in six integrated steelworks. Electrical steel production
amounted to another 10.8 million tonnes.

The structural elements of this category are the production of pig iron (blast furnaces), sponge iron (direct reduction), sinter,
rolled steel, iron and steel casting, Siemens-Martin steel (in the new German Lander only until shortly after 1990), electric
steel and the power stations and boilers of the entire steel production.

In category 1.A.2.a Iron and Steel only emissions of

e CO (for all years exept 2008-2010, where only CO emissions from ferrous metal foundries are reported),

e NH; (until 1999 and then for the years 2010 and later; from 2000 to 2009 only NH, emissions from use of coal and
coke in electric steelworks are reported),

e NMVOC and NO, (until 1999),

e PM,., PM,;, and TSP (until 2007 and then for the years 2010 and later; for 2008 and 2009 only emissions from the use
of fuel gases sinter plants (ignition hoods) are reported) and

e SO, (untiil 1999; SO, emissions from the use of coal and coke in electric steelworks until 2000 and in 2004)

are reported. The emissions of these pollutants in other years as well as emissions of other pollutants are reported under
Category 2.C.1 (see explanation below).
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Methods

Activity data

Data source of the fuel consumption for iron and steel casting is the statistic for the manufacturing sector; Statistik 060 -
Energieverwendung des produzierenden Gewerbes (Energy use in the manufacturing sector; DESTATIS), reporting-numbers
27.21, 27.51 and 27.52. Fuel consumption data for the hot metal production as well as the production of sinter and hot
rolling are collected by the steel trade association (WV Stahl) in continuation of the former National Statistic: Fachserie 4,
Reihe 8.1.

Emission factors

The emission factors used for the years 1990 - 1994 were taken from the report on the research project “Ermittlung und
Evaluierung von Emissionsfaktoren flir Feuerungsanlagen in Deutschland fur die Jahre 1995, 2000 und 2010" (Determination
and evaluation of emission factors for combustion systems in Germany for the years 1995, 2000 and 2010“; RENTZ et al,
2002)". Starting from 1995 new emission factors for iron and steel were determined, based on real emission data from the
installations concerned. (1995-2001: own calculations by UBA; EF for 2008 by a research project by the steel industry’s
research institut BSI.

In category 1.A.2.a - Iron and Steel only emissions from power plants and steam boiler of the steel industry are reported.
Basically, all industrial power plants and steam boiler are reported in source category 1.A.2.gviii - Other since the emission
behaviour is comparable. The reason for the different structure of 1.A.2.a are the requirements of the UNFCCC Guidelines
and the resulting review proceedings. Insofar it is more sensible to report all emissions from blast furnace fired power plants
and steam boiler in Source category 1.A.2.a to avoid notes regarding CO, IEFs.

Whereever emission factors were determined from real emission data of the installations concerned, both process and
energy related emissions from the production of sinter, pig iron (blast furnace including the cowpers), steel (both BOF and
EAF steel production), rolled steel as well as from cast iron and steel are reported under Category 2.C.1, since it is not

possible to separate combustion from process emissions within the same stack. Insofar in later years the emissions of the
most pollutants are reported under 2.C.1.

Trend discussion for Key Sources

Category 1.A.2.a Iron and Steel is a trend key category for NO, (mainly because the NO, emissions reported here until 1999
are then reported under Category 2.C.1).

Recalculations

Recalculations were necessary for 2023 due to the implementation of the now finalised National Energy Balance.

Year and 2023, please see the recalculation tables following chapter 9.1 -

i i For pollutant-specific information on recalculated emission estimates for Base
Recalculations.

Planned improvements

At the moment, no category-specific improvements are
planned.
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Y Rentz et al. (2002): Rentz, O., Karl, U., Peter, H.: Ermittlung und Evaluierung von Emissionsfaktoren fiir Feuerungsanlagen
in Deutschland fir die Jahre 1995, 2000 und 2010: Forschungsbericht 299 43 142; on behalf of the Umweltbundesamt; final
report; Deutsch-Franzdésisches Inst. f. Umweltforschung, Univ. (TH); https://publikationen.bibliothek.kit.edu/21412002;
Karlsruhe / Dessau-Rof’lau, 2002.


https://publikationen.bibliothek.kit.edu/21412002
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1.A.2.b - Stationary Combustion in Manufacturing
Industries and Construction: Non-Ferrous Metals

Short description

Sub-category 1.A.2.b - Stationary Combustion in Manufacturing Industries and Construction: Non-Ferrous Metals includes
aluminium production (sub-divided into primary and resmelted aluminium) as well as lead production, thermal galvanisation,
copper and zinc production.

In Germany, aluminium is produced at four foundries, in electrolytic furnaces with pre-burnt anodes. The principal emission
sources are resulting from fuel provided in the energy related processes.

NFR Code Method AD EF
1.A2.b T2 NS CS
Method(s) applied
D Default
Tl Tier 1/ Simple Methodology *
T2 Tier 2%
T3 Tier 3 / Detailed Methodology *
C CORINAIR
CS Country Specific
M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.

(source for) Activity Data

NS National Statistics

RS Regional Statistics

IS International Statistics

PS Plant Specific

As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled

C Confidential

(source for) Emission Factors

D Default (EMEP Guidebook)
Cs Country Specific

PS Plant Specific

M Model / Modelled

C Confidential

NO, NMVOC|SO,|NH;

PM,;

PM,, TSP|BC|CO|Pb|Cd|Hg|As|Cr|Cu(Ni|Se|Zn PCDD/F|B(a)P B(b)F

B(k)F

I(x)P

PAH1-4

HCB

PCBs

IE

IE | IE [IE|-/-|IE|IE|IE[IE[IE|IE|IE|IE]|IE IE IE IE

IE

IE

IE

L/

key source by Level only

-/T

key source by Trend only

L/T

key source by both Level and Trend

-/

no key source for this pollutant

IE

emission of specific pollutant Included Elsewhere (i.e. in another category)

NE

emission of specific pollutant Not Estimated (yet)

NA

specific pollutant not emitted from this source or activity = Not Applicable

no analysis done
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Method

Activity data

The source of the fuel inputs consists of the statistics for the manufacturing sector (Statistik 060 - Energieverwendung des
produzierenden Gewerbes / energy use in the manufacturing sector), DESTATIS, reporting number 27.43 and 27.44,
production and initial processing of lead, zinc and tin, production and initial processing of copper - and, for differentiations
relative to heat and electricity production, Statistik 067 (DESTATIS).

Data for fuel consumption for production and initial processing of precious metals are also provided by these statistics.
Emission factors

Reported pollutants are NOx, NMVOC, SO,, NH; and CO. Instead, all particulate matter emissions are reported as process
emissions in the associated categories in 2.C. Germany carefully checked all possible aditional sources for HCB in this sector.
This includes the BREF documents as well as other literature. There was no indication for any missing emission found. The
emission factors for HCB in the Guidebook are only applicable to processes not occuring in Germany.

The underlying data for the emission factors used is provided by the report on the research project “Ermittlung und
Evaluierung von Emissionsfaktoren flir Feuerungsanlagen in Deutschland fur die Jahre 1995, 2000 und 2010" (Determination
and evaluation of emission factors for combustion systems in Germany for the years 1995, 2000 and 2010“; RENTZ et al,
2002)". The values for the intermediate years 1996 - 1999 and 2001 - 2010 are obtained via linear interpolation; adjusted
values for the following years.

Recalculations

for Base Year and 2023, please see the recalculation tables following chapter

i’ i For pollutant-specific information on recalculated emission estimates
9.1 - Recalculations.

Planned improvements

At the moment, no category-specific improvements are
planned.

Y Rentz et al. (2002): Rentz, O., Karl, U., Peter, H.: Ermittlung und Evaluierung von Emissionsfaktoren fiir Feuerungsanlagen
in Deutschland fur die Jahre 1995, 2000 und 2010: Forschungsbericht 299 43 142; on behalf of the Umweltbundesamt; final
report; Deutsch-Franzésisches Inst. f. Umweltforschung, Univ. (TH); https://publikationen.bibliothek.kit.edu/21412002;
Karlsruhe / Dessau-RoRBlau, 2002.


https://publikationen.bibliothek.kit.edu/21412002
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1.A.2.c - Fuel Combustion Activities in Industries and
Construction: Chemicals

Energy related emissions from power plants and boiler systems are reported in NFR 1.A.2.g viii: Other whereas process
related emissions are reported in NFR 2.B - Chemical Industry.
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1.A.2.d - Pulp, Paper and Print

All emissions from fossil fired power plants and boiler systems are reported in NFR 1.A.2.g viii: Other whereas all process
related emissions as well as emissions from black liquor incineration are reported in NFR 2.H.1 - Pulp and Paper .

It is not possible to report combustion related emissions under the category 1.A.2.d for purposes of comparison as the
emission estimates are based on a complete report of branches with EF for all occurring emissions in sum.
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1.A.2.e - Stationary Combustion in Manufacturing
Industries and Construction: Food Processing,
Beverages and Tobacco

Short description

Source category 1.A.2.e - Stationary Combustion in Manufacturing Industries and Construction: Food Processing, Beverages

and Tobacco includes emissions from process-combustion systems of the sugar industry. Emissions from CHP plants and

steam boiler are reported under 1.A.2.g viii - Stationary Combustion in Manufacturing Industries and Construction: Other.

NFR Code Method AD EF
1.A2.e T2 NS CS
Method(s) applied
D Default
Tl Tier 1/ Simple Methodology *
T2 Tier 2%
T3 Tier 3 / Detailed Methodology *
C CORINAIR
CS Country Specific
M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.

(source for) Activity Data

NS National Statistics

RS Regional Statistics

IS International Statistics

PS Plant Specific

As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled

C Confidential

(source for) Emission Factors

D

Default (EMEP Guidebook)

CS

Country Specific

Plant Specific

Model / Modelled

PS
M
C

Confidential

NO, NMVOC|SO, NH,

PM,;|PM,, TSP|BC|CO|Pb|Cd|Hg|As|Cr|Cu|Ni|Se|Zn|PCDD/F

B(a)P

B(b)F

B(k)F

I(x)P

PAH1-4

HCB

PCBs

IE

IE | IE | IE|-/- |NE|NE|NE|NE|NE|NE|NE|NENE

NE

NE

NE

NE

NE

NA

NA

L/

key source by Level only

-[T

key source by Trend only

L/T

key source by both Level and Trend

-/-

no key source for this pollutant

IE

emission of specific pollutant Included Elsewhere (i.e. in another category)

NE

emission of specific pollutant Not Estimated (yet)

NA

specific pollutant not emitted from this source or activity = Not Applicable

*

no analysis done
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Method

Activity data

The source of the fuel inputs consists of the statistics for the manufacturing sector (Statistik 060 - Energieverwendung des
produzierenden Gewerbes / energy use in the manufacturing sector), DESTATIS, reporting number 10.81, sugar production -
and, for differentiations relative to heat and electricity production, Statistik 067 (DESTATIS).

Emission factors

Reported pollutants are NOx, NMVOC, SO,, NH, and CO.

All particulate matter emissions are reported as process emissions under 2.H.2. But the allocable part of BC emissions is
included in 1.A.2.g viii (emissions from CHP plants and steam boilers).

The underlying data used for the emission factors is provided by the report on the research project “Ermittlung und
Evaluierung von Emissionsfaktoren flir Feuerungsanlagen in Deutschland fur die Jahre 1995, 2000 und 2010" (Determination
and evaluation of emission factors for combustion systems in Germany for the years 1995, 2000 and 2010“; RENTZ et al,
2002)".

The values for the intermediate years 1996-1999 and 2001-2010 are obtained via linear interpolation; adjusted values for
the following years.

Recalculations

Recalculations were necessary for most recently year due to the implementation of the now finalised National Energy
Balance.

for Base Year and 2023, please see the recalculation tables following chapter

i’ i For pollutant-specific information on recalculated emission estimates
9.1 - Recalculations.

Planned improvements

@ At the moment, no category-specific improvements are planned.

Y Rentz et al. (2002): Rentz, O., Karl, U., Peter, H.: Ermittlung und Evaluierung von Emissionsfaktoren fiir Feuerungsanlagen
in Deutschland fir die Jahre 1995, 2000 und 2010: Forschungsbericht 299 43 142; on behalf of the Umweltbundesamt; final
report; Deutsch-Franzdsisches Inst. f. Umweltforschung, Univ. (TH); https://publikationen.bibliothek.kit.edu/21412002;
Karlsruhe / Dessau-Rof3lau, 2002.


https://publikationen.bibliothek.kit.edu/21412002
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1.A.2.f - Stationary Combustion in Manufacturing
Industries and Construction: Non-Metallic Minerals

Short Description

Sub-category 1.A.2.f - Non Ferrous Metals refers to emissions from fuel consumption for burning processes in energy-
intensive mineral industries.

Category Code Method AD EF
1.A2f Tl NS CS
Method(s) applied
D Default
Tl Tier 1/ Simple Methodology *
T2 Tier 2%
T3 Tier 3 / Detailed Methodology *
C CORINAIR
CS Country Specific
M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.
(source for) Activity Data

NS National Statistics
RS Regional Statistics
IS International Statistics
PS Plant Specific
As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled
C Confidential
(source for) Emission Factors
D Default (EMEP Guidebook)
CS Country Specific
PS Plant Specific
M Model / Modelled
C Confidential

NO, | NMVOC | SO, | NH, | PM,; | PM,, | TSP | BC | CO | Heavy Metals | POPs
/- /- -[- | -l IE IE IE | IE | -/- NA NA
L/- |key source by Level only
-/T [key source by Trend only
L/T|key source by both Level and Trend
-/- Ino key source for this pollutant
IE |emission of specific pollutant Included Elsewhere (i.e. in another category)
NE |emission of specific pollutant Not Estimated (yet)
NA |specific pollutant not emitted from this source or activity = Not Applicable
* no analysis done
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In order of significance relating energy use and emissions, the covered industries are:

burning of cement clinker,
burning of quicklime,
melting of glass,

burning of ceramics.

Method

Regarding the burning processes emissions can allocated to the use of fuels or to the production process. Current allocation
is regarding the main importance of the production process.

Activity data

The key source of all conventional fuel data is the national energy balance. Moreover the use of additional statistical data is
necessary in order to disaggregate data. Data source for fuel inputs for energy-related process combustion in cement
industry are manufacturing-sector statistics (Statistik des produzierenden Gewerbes); reporting number (Melde-Nr.) 23.51,
Cement production. Furthermore the cement industry uses significant amounts of substitute fuels that do not appear in
national statistics and in the Energy Balance. Relevant production figures and fuel-use amounts have been taken from
statistics of the VDZ cement-industry association. The fuel-input data for ceramics production has also been taken from
manufacturing industry statistics (Statistik des produzierenden Gewerbes); reporting no. (Melde-Nr.) 23.32, brickworks
(Ziegelei), production of other construction ceramics. The same statistic is also used as source for fuel input of glass (
reporting number: 23.1, Production of glass and glassware) and lime production (reporting number: 23.52, Lime).

Emissions

Due to allocating emissions to process part we have removed most of time series inconsistencies. The current situation is
the following:

Table 1: relevance of emission sources regarding the fuel use due to burning processes in 1.A.2.f

SO, NO, co NMVOC NH, TSP BC
cement IE* IE* medium IE* IE* IE? NE
lime IE" IE! IE" IE! low IE? NE
glass |E? = IE* IE* IE* IE? NE
ceramics IE? IE? low IE* IE* IE! NE

! Included in process related emissions, in all cases it is the link to complementary source category.
? Some artifacts occur for 1990 emissions that cannot be shifted.
* Inclusion in process related emissions occurs from different time points onwards.
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The entire appraisal of the emissions situation succeeds only in connection with the process related emissions. Especially
further relevant pollutants as heavy metals or persistent organics are shown as process related generally.

Recalculations

Recalculations were necessary for most recently year due to the implementation of the now finalised National Energy
Balance.

for Base Year and 2023, please see the recalculation tables following chapter

ﬁ For pollutant-specific information on recalculated emission estimates
9.1 - Recalculations.

Planned improvements

At the moment, no category-specific improvements are
planned.
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1.A.2.9 viii - Stationary Combustion in Manufacturing

Industries and Construction: Other

Short description

Source category 1.A.2.g viii - Stationary Combustion in Manufacturing Industries and Construction: Other comprises
stationary combustion systems for heat and power production of industrial power plants and industrial boiler systems.

NFR Code Method AD EF
1.A.2.g viii T2 NS CS
Method(s) applied

D Default

Tl Tier 1 / Simple Methodology *

T2 Tier 2*

T3 Tier 3 / Detailed Methodology *

C CORINAIR

CS Country Specific

M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.

(source for) Activity Data

NS National Statistics

RS Regional Statistics

IS International Statistics

PS Plant Specific

As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled

C Confidential

(source for) Emission Factors

D Default (EMEP Guidebook)

CS Country Specific

PS Plant Specific

M Model / Modelled

C Confidential
NO,|NMVOC|SO,(NH, PM, [PM,,| TSP|BC|CO|Pb|Cd|Hg|As |Cr|Cu| Ni [Se|Zn |PCDD/F|B(a)P|B(b)F|B(k)F|I(x)P|PAH1-4 HCB|PCBs
UT| - (LT[ | L~ | o [T ||~ |- AU - - o) uT | T | e e [ E | T | o L
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NO, NMVOC|SO, NH, PM, ,[PM,, TSP|BC|CO|Pb|Cd|Hg | As|Cr|Cu| Ni |Se|zn |PCDD/F|B(a)P|B(b)F|B(k)F|I(x)P|PAH1-4|HCB|PCBs
Method(s) applied
D Default
Tl Tier 1 / Simple Methodology *
T2 Tier 2*
T3 Tier 3 / Detailed Methodology *
c CORINAIR
(o Country Specific
M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.
(source for) Activity Data

NS National Statistics
RS Regional Statistics
IS International Statistics
PS Plant Specific
As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled
C Confidential
(source for) Emission Factors
D Default (EMEP Guidebook)
(o Country Specific
PS Plant Specific
M Model / Modelled
C Confidential

w

Method

Generally, the calculation method is based on a Tier 2 approach. This means the use of country-specific data at a more
detailed level.



https://iir.umweltbundesamt.de/2026/_detail/sector/energy/fuel_combustion/industry/sachtleben_chemie.png?id=sector%3Aenergy%3Afuel_combustion%3Aindustry%3Aother%3Astart
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Emission factors and activity data are available for different fuel types, different technologies, plant size, etc. The use of
plant-specific data for a bottom-up approach is not possible. Emissions from industrial power plants cannot be allocated
clearly to source category 1.A.2, since reality does not follow the definition of the Guidebook. In real life an industrial power
plant generates electricity and heat for the industry but also electricity for the public network. Therefore the borderline
between these two categories is not fixed.

The market is not static. Frequent changes in the cooperate structure of industrial enterprises including the separation of the
energy supply via spin-off from the parent company lead to frequent changes between sector 1.A.1.a, 1.A.1.c and 1.A.2.
Therefore it was necessary to develop a flexible calculation system, based on robust emission factors, which can be used for
all sectors.

Source category 1.A.2.g.viii only include emissions from industrial power plants and boiler systems.

Activity data

Conventional fuels

The key source of all conventional fuel data are the national energy balances published by the Working Group on Energy
Balances (AGEB, 2025)".

Moreover, the use of additional statistical data is necessary in order to disaggregate data. Data source for fuel inputs for
electricity generation in industrial power stations are shown in Energy Balance line 12. The difference resulting after
deduction of the fuel inputs for refinery power stations, pit power stations, power stations in the hard-coal-mining sector
and, for the period until 1999, for the power stations of German Railways (Deutsche Bahn) consists of the activity data for
other industrial power stations. These data cannot be further differentiated. Additional data from the Federal Statistical
Office are needed for allocation of fuel inputs to heat production in industrial power stations and boiler systems. For both
electricity production and heat production, gas turbines, gas and steam systems and gas engines are differentiated. These
detailed information is provided by the national statistic 067 (industrial power stations). The definition of industrial and
public power plants follows the national statistics.

Biomass

Along with the main Energy Balance, a Satellite Balance of renewable Energies (Satellitenbilanz Erneuerbarer Energietrager)
is also published. This balance describes the growth and use of renewable energies in detail. This is the database for all
biomass fuels excluding waste.

Waste

With regard to determination of activity data from waste incineration and co-combustion of waste in combustion system in
source category 1.A.2 Energy Balance and energy statistics show smaller waste quantities than the waste statistics of the
Federal Statistical Office (Statistisches Bundesamt, Fachserie 19, Reihe 1)?. For that reason activity data were taken from
waste statistics.

Emission factors

The emission factors for power stations and other boiler combustion for production of steam and hot water, in source
category 1.A.2.g.viii, have been taken from the research project “Determination and evaluation of emission factors for
combustion systems in Germany for the years 1995, 2000 and 2010” (RENTZ et al., 2002)”.

In 2018 and 2019 SO,, NOx, TSP, PM, CO, NH; and Hg emission factors were revised for all large combustion plants by using
data from the large combustion plant reporting (UBA 2019)”. A detailed description of the procedure is presented in Chapter:
1.A.1.a - Public Electricity And Heat Production. This chapter contains also information about emission factors of engines and
waste incineration plants. For black carbon, default emission factors for the EMEP EEA Guidebook 2019 are used.

Table 1: Implied emission factors for industrial electricity and heat generation for 2024

| SO,

NO,

TSP| CO | Pb | Hg | Cd |
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SO, | NO, |TSP| CO | Pb | Hg | Cd
[kg/T)] [9/T]]

Hard Coal 150.8/101.3| 3.4(26.2(4.85(2.36/|0.36
Lignite 196.7| 90.7| 4.1|45.4|1.52|2.47(0.20
Natural gas 0.1/ 41.4] 0.2/10.9| NA |0.01| NA
Liquid fuels 28.8| 53.5| 1.4/ 4.8/0.79/0.24/0.06
Biomass 9.4/127.1|14.4|/44.5|0.32|0.25(0.39
Hazardous waste| 0.5/ 69.2| 0.2 7.8/4.90(0.34(1.10

The table gives an overview of the implied emission factors. The German inventory compiling process is very complex and
includes the use of a considerable number of emission factors, which cannot be completely published in the IIR.

There are different emission factors available depending on fuel types, firing techniques and the permissions. However, the
implied emission factors may give an impression about the order of magnitude. PM,, and PM, ; emission factors are
calculated as a fraction of TSP. The share of PM,, is 90 % and the share of PM, is 80 % for solid fuels. This is a simple but
also conservative approach, knowing that, in reality, PM emissions depend on fuel, combustion and abatement technologies.
In terms of natural gas and biogas PM,, and PM, . fractions are considered as 100 % of TSP. Regarding wood a share of 100%
PM,, and 90% PM, . is used. For liquid fuels the default share of 100% PM,, and PM, is used. In the cases of co-incineration,
where liquid fuels are only used for ignition in coal fired plants, the share of coal fired plants is used. PM emission reporting
starts in 1995, since no sufficient information about the dust composition of the early 1990s is available.

Trend Discussion for Key Sources

The following diagrams give an overview of the dominant emission trends of selected pollutants.
Sulfur Oxides & Nitrogen Oxides - SOx & NOx

As already discussed in source category 1.A.1.c, SO, emission trend is very much influenced by emissions from lignite fired
plants. The strong decline of lignite use in the East German industry and the installation of flue gas desulfurisation plants in
the remaining heat and power stations are the main reasons for decreasing SO, emissions.
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Annual SO, emissions from stationary combustion plants in 1.A.2.g viii
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Annual NOx emissions from stationary combustion plants in 1.A.2.g viii
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Particulate Matter (TSP, PM10) and Priority Heavy Metals (Hg & Cd)

The main driver of TSP and heavy metal emission trends is the declining lignite combustion due to the closure of industrial
plants in the East German industry especially from 1990 to 1994. Furthermore, the noticeable improvement of dust
extraction installations and the optimisation of the combustion process resulted in considerably decreasing TSP and heavy
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metal emissions.

In recent years the use of biomass gains influence.
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Emission estimates [kt]

Emission estimates [t]
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Emission estimates [t]
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Persistent Organic Pollutants

Overall a decrease in PCDD and PCDF emissions is observed since the 90s, mainly based on the fuel consumption in the
industry sector. The decreasing trend is more pronounced in the recent years.

Emission estimates [g]
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Recalculations

At the time of compiling the inventory, national energy balance is only available provisionally. Therefore, the finalization of
the energy balance for 2023 led to recalculations. Moreover, for the purpose of improving data quality, national energy
balances go under revisions every two years (for the years starting from 2003) through fine-tuning of the computational
models, consideration of new statistics or re-allocation of activity data. Due to the revisions on the input data for submission
2026, recalculations took place .

estimates for Base Year and 2023, please see the pollutant specific

@ For pollutant-specific information on recalculated emission
recalculation tables following chapter 9.1 - Recalculations.

Planned improvements

At the moment, no category-specific improvements are
planned.

Y AGEB (2025): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz fiir
die Bundesrepublik Deutschland; https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xlIsx, (Aufruf: 04.12.2025), K6In
& Berlin, September 2025

? Destatis (2024a): Federal Statistical Office (Statistisches Bundesamt - Destatis): Fachserie 19, Reihe 1: Abfallentsorgung
(now data on waste management are available from the GENESIS-Online database) - URL:
http://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/Abfallwirtschaft/_inhalt.html#sprg238672, Wiesbaden,
2024,

¥ Rentz et al. (2002): Rentz, O., Karl, U., Peter, H.: Ermittlung und Evaluierung von Emissionsfaktoren fiir Feuerungsanlagen
in Deutschland fir die Jahre 1995, 2000 und 2010: Forschungsbericht 299 43 142; on behalf of the Umweltbundesamt; final
report; Deutsch-Franzdsisches Inst. f. Umweltforschung, Univ. (TH); https://publikationen.bibliothek.kit.edu/21412002;
Karlsruhe / Dessau-Rof3lau, 2002.

# Umweltbundesamt (2019): Juhrich, K., Beckers, R.: “Updating the Emission Factors for Large Combustion Plants”:
https://www.umweltbundesamt.de/publikationen/updating-emission-factors-large-combustion-plants; Dessau-RoRlau, 2002.
* AGEB (2025a): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz fiir
die Bundesrepublik Deutschland;

https://ag-energiebilanzen.de/daten-und-fakten/bilanzen-ab-1990/? _jahresbereich-bilanz=2021-2030, (Aufruf: 04.12.2025),
Kéln & Berlin, September 2025


https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xlsx
http://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/Abfallwirtschaft/_inhalt.html#sprg238672
https://publikationen.bibliothek.kit.edu/21412002
https://www.umweltbundesamt.de/publikationen/updating-emission-factors-large-combustion-plants
https://ag-energiebilanzen.de/daten-und-fakten/bilanzen-ab-1990/?_jahresbereich-bilanz=2021-2030
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1.A.2.9g vii - Mobile Combustion in Manufacturing
Industries and Construction

Short description

Under NFR 1.A.2.g vii - Mobile Combustion in Manufacturing Industries and Construction, emissions from Off-Road
Construction Vehicles and Construction Machinery are reported in the German inventory.

NFR Code Method AD EF
1.A.2.g vii T1,T2 NS, M CS,D, M
Method(s) applied

D Default

Tl Tier 1/ Simple Methodology *

T2 Tier 2%

T3 Tier 3 / Detailed Methodology *

C CORINAIR

CS Country Specific

M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.

(source for) Activity Data

NS National Statistics

RS Regional Statistics

IS International Statistics

PS Plant Specific

As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled

C Confidential

(source for) Emission Factors

D Default (EMEP Guidebook)
CS Country Specific
PS Plant Specific
M Model / Modelled
C Confidential
NO,[NMVOC|SO,|NH;|PM, ;|PM,, TSP|BC|CO|Pb|Cd(Hg|As|Cr|Cu|Ni|Se|Zn|PCDD/F|B(a)P|B(b)F B(k)F|l(x)P|PAH1-4 HCB|PCBs
/- -/- [- | 1= | -I- | -l | 1= 1= |- - A - -/- -/- - | -I- -/- NE | NE
L/- |key source by Level only
-/T [key source by Trend only
L/T|key source by both Level and Trend
-/- |no key source for this pollutant
IE |emission of specific pollutant Included Elsewhere (i.e. in another category)
NE |emission of specific pollutant Not Estimated (yet)
NA |specific pollutant not emitted from this source or activity = Not Applicable
* no analysis done

Methodology

Activity data

Sector-specific consumption data is included in the primary fuel-delivery data are available from NEB line 67: 'Commercial,
trade, services and other consumers' (AGEB, 2025) ¥
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Table 1: Sources for primary fuel-delivery data

through 1994 |AGEB - National Energy Balance, line 79: 'Haushalte und Kleinverbraucher insgesamt'
as of 1995 |AGEB - National Energy Balance, line 67: 'Gewerbe, Handel, Dienstleistungen u. tGbrige Verbraucher'

Following the deduction of energy inputs for military vehicles as provided in (BAFA, 2025) ?, the remaining amounts of
gasoline and diesel oil are apportioned onto off-road construction vehicles (NFR 1.A.2.g vii) and off-road vehicles in
commercial/institutional use (1.A.4. ii) as well as agriculture and forestry (NFR 1.A.4.c ii) based upon annual shares derived
from TREMOD-MM (Knérr et al. (2025b)) * (cf. NFR 1.A.4 - mobile).

Table 2: Percental annual contribution of 1.A.2.g vii to fuel-specific over-all delivery data provided in NEB line 67

1990 1995|2000 | 2005 (2010 (2015|2016 (2017|2018 | 2019|2020 |2021 2022|2023 2024
Diesel Fuels |29.7%(18.9%|17.0%|15.6%|21.6%|26.7%|27.5%|28.2%(27.8%|28.5%|28.8%|28.4%|28.1%|28.2%|28.6%
Gasoline Fuels|31.5%|59.7%|55.1%|58.6%|64.5%|68.0%|70.9%|71.1%(67.9%(67.1%63.5%(63.4%63.8%|66.2%|70.9%

Table 3: Annual fuel consumption in construction vehicles and mobile machinery, in terajoules

1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
Diesel Oil | 33,264| 18,448 16,123| 12,784| 19,158| 27,623| 28,923| 30,072| 28,694| 30,110| 30,387 30,104| 28,649| 28,384( 29,084
Gasoline 1,420\ 4,453 4,079 4,271 3,276 3,572| 3,764| 4,032| 4,017| 4,249 4,274| 4,290 4,158| 4,333 4,622

Biodiesel 815 1,483| 1,515/ 1,547, 1,605/ 1,657, 1,711 2,515/ 2,090| 1,982 2,112| 1,781
Biogasoline 58.0 220 300 317 335 350 356 378 396 384 412 433
‘Z’iil.A.Z.g 34,684/22,901(20,202(17,928|24,137(33,010/34,551|36,044,34,718(36,425|37,554|36,881(35,173/35,240|35,919
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The emission factors used here are of rather different quality: Basically, for all main pollutants, carbon monoxide and
particulate matter, annual IEF modelled within TREMOD MM (Knérr et al. (2025b)) * are used, representing the sector's
vehicle-fleet composition, the development of mitigation technologies and the effect of fuel-quality legislation.

Emission factors
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Table 4: Annual country-specific emission factors®, in kg/T]

| 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |2024
Gasoline fuels

NH, 0.089| 0.092| 0.093| 0.094| 0.094| 0.094| 0.094 0.094| 0.094| 0.094| 0.094| 0.094| 0.094| 0.094| 0.094
NMVOC?| 678) 623| 571 562) 561] 561| 561 561] 561| 559 550 538/ 526/ 514/ 501
NMVOC’| 77.8) 74.8 82.3| 100.8) 105.8  99.7] 93.8| 92.1| 89.9 88.4| 89.8 888 93.5 957 91.2
NO, 541 683| 759 76.8 76.9 769 769 769 769 751| 704 649 602 562/ 52.7
SO, 10.1) 827/ 322/ 037/ 037 037/ 037 037 037 037 037 037 037 0.37| 0.37
BC® 030, 0.27| 024 024/ 024 024 024 024 0.24/ 024 024] 0.24 024 0.24| 0.24
PM* 6.03| 5.43| 482 472 471 471 471 471 471 471 471 471 471 471 471
TSP® 2.35[ 0.82 leaded gasoline out of use since 1997

co 38,510/35,310|32,415|32,095/34,666|36,825| 36,903|36,958|36,994| 36,685/ 35,45033,555|31,563|29,552(27,580
Pb 1.47| 0.52 leaded gasoline out of use since 1997

Diesel fuels

NH, 0.162| 0.165 0.168 0.169| 0.170| 0.169| 0.169| 0.169| 0.169| 0.169| 0.169| 0.169| 0.169| 0.169| 0.170
NMvOC | 183] 154/ 129 858/ 56.0 389 354/ 319/ 288 259 230/ 202/ 175 151 13.1
NO, 1,040[ 1,012| 971| 755/ 518 384 362| 340 321 303| 283] 262 240/ 219 200
SO, 79.6) 60.5 140 037 037/ 037/ 037/ 037 037 037/ 037 037 037/ 037/ 037
BC® 78.2| 63.6] 50.3| 356/ 26.7| 203 188 174/ 16.0, 14.6| 13.0] 11.3) 9.58/ 7.93| 6.50
PM* 148/ 120/ 92.8/ 588 37.7| 26.7| 24.7| 22.7| 209 19.1| 17.1] 151 13.0 111 951
co 580/ 570/ 536| 405| 310 251 233] 214/ 195 177| 159| 142] 125 109| 95.9

! due to lack of better information: similar EF are applied for fossil and biofuels

% from fuel combustion

* from gasoline evaporation

* EF(PM, ;) also applied for PM,, and TSP (assumption: > 99% of TSP consists of PM, )

> estimated via a f-BCs as provided in ®, Chapter 1.A.2.g vii, 1.A.4.a ii, b ii, cii, 1.A.5.b i - Non-road, note to
Table 3-1: Tier 1 emission factors for off-road machinery

® from leaded gasoline (until 1997)

With respect to the emission factors applied for particulate matter, given the circumstances during test-bench
measurements, condensables are most likely included at least partly.

For lead (Pb) from leaded gasoline and corresponding TSP emissions, additional emissions are calculated from 1990 to 1997
based upon country-specific emission factors from ©.

Appendix 2.3 - Heavy Metal (HM) exhaust emissions from mobile sources and Appendix 2.4 - Persistent

6 For information on the emission factors for heavy-metal and POP exhaust emissions, please refer to
Organic Pollutant (POP) exhaust emissions from mobile sources.

Discussion of emission trends

Table 5: Outcome of Key Category Analysis

key source for: co
by:|Level of emissions

For all unregulated pollutants, emission trends directly follow the trend in fuel consumption.
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In contrast, for all regulated pollutants (such as NO,, SO,, NMVOC and particles), emission trends follow not only the trend in
fuel consumption but also reflect the impact of fuel-quality and exhaust-emission legislation.

Annual ammonia emissions
0,007
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Here, as NMVOC emissions are dominated by gasoline fuels, the trend shows the same strong decline after 2011 as the
underlying activity data (see above and NFR 1.A.4 - mobile, Table 1.) The remarkable increase after 2014 relates to the
strongly increased gasoline inland deliveries reported in NEB line 67. (see table 3 above). This noticeable increase will be



IIR2026_extern_for_publication 132/847

checked by the compiler of the National Energy Balance.

Annual nitrogen oxides emissions
* including emissions from fuel combustion

and gasoline evaporation
o T, Y
_b}'x@.m@.
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Over-all PM emissions are by far dominated by emissions from diesel oil combustion with the falling trend basically following

FF S
the decline in fuel consumption between 2000 and 2005. Nonetheless, the decrease of the over-all emission trend was and
still is amplified by the expanding use of particle filters especially to eliminate soot emissions.

-

emission estimates in [kt]
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Annual particulate matter emissions

Black carbon
Particulate matter <2.5 um
. ® Particulate matter <10 um

B Total suspended particles

emissign estimates in [kt]
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Additional contributors such as the impact of TSP emissions from the use of leaded gasoline (until 1997) have no significant
effect onto over-all emission estimates.

Recalculations

Revisions in activity data result from a revision of the underlying National Energy Balances 2003 to 2022 " and finalization of
the NEB 2023 ? as well as revised consumption data for agricultural mobile sources. Here, as the over-all amounts of fuels to
be distributed onto the different non-road mobile machinery (NRMM) is provided in NEB line 67, the strongly increased AD
applied for agricultural mobile sources results in increased amounts of diesel oil allocated to construction/demolition (see
also: chapter on NFR 1.A.4.c i (ii)). In contrast, percental shares remain unaltered for gasoline fuels. However, a the over-all
inland deliveries of gasoline fuels as provided in Energy Balance line 67 have been revised strongly, amounts allocated to
this NFR sub-category have been revised accordingly.

Table 6: Revised annual shares of NEB line 67, in %

119901995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018|2019 | 2020 | 2021 | 2022 | 2023

DIESEL FUELS

current submission | 0.297| 0.189| 0.170| 0.156| 0.216| 0.267( 0.275| 0.282| 0.278| 0.285| 0.288| 0.284| 0.281|0.282
previous submission| 0.297| 0.189| 0.170| 0.156| 0.216| 0.255| 0.262| 0.264| 0.242| 0.251| 0.251| 0.238| 0.219/|0.203
absolute change 0.000| 0.000| 0.000( -0.001| 0.000| 0.012| 0.013| 0.018| 0.036| 0.033| 0.037| 0.046| 0.062|0.078
relative change 0.01%|0.01%0.00%|-0.36%|-0.16%|4.79%|5.10%|7.00%(14.7%|13.3%|14.9%(19.4%|(28.2%|38.5%
GASOLINE
current submission | 0.315| 0.597| 0.551| 0.586| 0.645| 0.680( 0.709| 0.711| 0.679| 0.671| 0.635| 0.634| 0.638| 0.662
previous submission| 0.315( 0.597| 0.551| 0.586| 0.645| 0.680| 0.709| 0.711| 0.679| 0.671| 0.635| 0.634| 0.638| 0.662
absolute change 0.000( 0.000| 0.000( 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000{ 0.000| 0.000{ 0.000
relative change 0.02%|0.01%0.00%| 0.00%| 0.00%|0.00%|0.00%|0.00%0.00%|0.00%|0.00%0.00%0.00%|0.00%

Table 7: Revised activity data, in terajoules

| 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |
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1 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

DIESEL FUELS

current 33,264|18,448|16,123|13,599/20,641|29,138/30,470|31,678/30,351|31,821|32,903|32,194(30,631|30,495
submission
previous

ous 33,262|18,447(16,122|13,685/20,689(27,824|29,009|29,637|26,419|28,07328,299(27,061|23,972/22,014
submission
:I'::z;“:e 2,34] 1,00 058 -857 -47,8| 1,314 1,461 2,041| 3,932| 3,748 4,604| 5133/6.659 | 8,481

relative change| 0.01%| 0.01%| 0.00%|-0.63%|-0.23%| 4.72%| 5.04%| 6.89%| 14.9%| 13.4%| 16.3%| 19.0%| 27.8%| 38.5%

GASOLINE FUELS

current 1,420| 4,453| 4,079| 4,329 3,496| 3,872| 4,081 4,366| 4,367 4,605 4,652| 4,686 4,542| 4,745
submission
previous

bus 1,420 4,453| 4,079| 4,343| 6,753| 6,564 6,612| 6,476/ 6,268| 6,366| 6,034 6,177| 6,126/ 6,300
submission
:,'::z;“:e 0.22| 0.28| 0.18| -14.2/-3,258/-2,692| -2,531| -2,110| -1,901| -1,761| -1,382| -1,491| -1,584| -1,555

relative change| 0.02%| 0.01%| 0.00%|-0.33%|-48.2%|-41.0%|-38.3%|-32.6%|-30.3%|-27.7%|-22.9%|-24.1%|-25.9%|-24.7%

OVER-ALL FUEL CONSUMPTION

current 36,104(27,354(24,28122,199|27,413|36,582|38,315|40,075|38,734|40,674|41,828|41,171(39,331|39,573
submission
previous

bus 36,101|27,353(24,281/22,312|33,974/40,459|41,733|42,105|38,456|40,320/39,870|38,884|35,705| 34,069
submission
::::g;“:e 2.77) 1.56| 095 -113/-6,562-3,877|-3,418| -2,029| 278 355| 1,958/ 2,287/3,626 | 5,504

relative change| 0.01%| 0.01%| 0.00%|-0.51%|-19.3%|-9.58%|-8.19%|-4.82%| 0.72%| 0.88%| 4.91%| 5.88%| 10.2%| 16.2%

As, in contrast, all emission factors remain unrevised compared to last year's submission, emission estimates change in
accordance with the underlying activity data.

estimates for Base Year and 2023, please see the pollutant specific

0 For pollutant-specific information on recalculated emission
recalculation tables following chapter 9.1 - Recalculations.

Uncertainties

Uncertainty estimates for activity data of mobile sources derive from research project FKZ 360 16 023: “Ermittlung der
Unsicherheiten der mit den Modellen TREMOD und TREMOD-MM berechneten Luftschadstoffemissionen des landgebundenen
Verkehrs in Deutschland” by (Knérr et al. (2009)) 2.

Uncertainty estimates for emission factors were compiled during the PAREST research project. Here, the final report has
not yet been published.

Planned improvements

Besides a routine revision of the TREMOD MM model, no specific improvements are planned.

FAQs

Why are similar EF applied for estimating exhaust heavy metal emissions from both fossil and biofuels?

The EF provided in 10 represent summatory values for (i) the fuel's and (ii) the lubricant's heavy-metal content as well as (iii)
engine wear. Here, there might be no heavy metal contained in the biofuels. But since the specific shares of (i), (ii) and (iii)
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cannot be separated, and since the contributions of lubricant and engine wear might be dominant, the same emission
factors are applied to diesel and biodiesel.

18 AGEB (2025): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz fiir
die Bundesrepublik Deutschland; https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xIsx, (Aufruf: 04.12.2025), KdIn
& Berlin, September 2025

2 BAFA (2025): Federal Office of Economics and Export Control (Bundesamt fur Wirtschaft und Ausfuhrkontrolle, BAFA):
Amtliche Mineraldldaten flr die Bundesrepublik Deutschland;
https://www.bafa.de/SharedDocs/Downloads/DE/Energie/Mineraloel/moel_amtliche_daten_2024 _12.html, Eschborn, 2025.
396 Knorr et al. (2025b): Knérr, W., Heidt, C., Gores, S., & Bergk, F.: ifeu Institute for Energy and Environmental Research
(Institut fir Energie- und Umweltforschung Heidelberg gGmbH, ifeu): Aktualisierung des Modells TREMOD-Mobile Machinery
(TREMOD MM) 2025, Heidelberg, 2025.

5119 EMEP/EEA (2023): EMEP/EEA air pollutant emission inventory guidebook - 2023,
https://www.eea.europa.eu//publications/emep-eea-guidebook-2023, Copenhagen, 2023.

” AGEB (2025a): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz fiir
die Bundesrepublik Deutschland;

https://ag-energiebilanzen.de/daten-und-fakten/bilanzen-ab-1990/? jahresbereich-bilanz=2021-2030, (Aufruf: 04.12.2025),
KéIn & Berlin, September 2025

? Knérr et al. (2009): Knérr, W., Heldstab, )., & Kasser, F.: Ermittlung der Unsicherheiten der mit den Modellen TREMOD und
TREMOD-MM berechneten Luftschadstoffemissionen des landgebundenen Verkehrs in Deutschland;
https://www.umweltbundesamt.de/sites/default/files/medien/461/publikationen/3937.pdf, FKZ 360 16 023, Heidelberg &

Zirich, on behalf of the Umweltbundesamt, Dessau-RoRlau, 2009.
1)

During test-bench measurements, temperatures are likely to be significantly higher than under real-world conditions, thus
reducing condensation. On the contrary, smaller dillution (higher number of primary particles acting as condensation germs)
together with higher pressures increase the likeliness of condensation. So over-all condensables are very likely to occur but
different to real-world conditions.


https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xlsx
https://www.bafa.de/SharedDocs/Downloads/DE/Energie/Mineraloel/moel_amtliche_daten_2024_12.html
https://www.eea.europa.eu//publications/emep-eea-guidebook-2023
https://ag-energiebilanzen.de/daten-und-fakten/bilanzen-ab-1990/?_jahresbereich-bilanz=2021-2030
https://www.umweltbundesamt.de/sites/default/files/medien/461/publikationen/3937.pdf

IIR2026_extern_for_publication 136/847

1.A.3 - Transport (OVERVIEW)

Short description

Sub-sector 1.A.3 - Transport includes emissions from fuel combustion activities as well as abrasive emission and fugitive
emissions within the following sub-categories:

NFR-Code|Name of Category
1.A3.a Civil Aviation
1.A3.b Road Transport
1.A3.c Railways
1.A3.d Navigation
1.A3.e Other Transport
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1.A.3.a - Transport: Civil Aviation

NFR-specific inventory

Short description

NFR-Code Name of Category Method AD EF |Key Category Analysis
1.A3.a Civil Aviation see sub-category details
consisting of / including source categories
LTO-range: Included in National Totals

1.A.3.ai (i) |International Civil Aviation - LTO see sub-category details
1.A.3.aii (i) IDomestic Civil Aviation - LTO see sub-category details
Cruise phase: Not included in National Totals

1.A.3.a i (ii) (International Civil Aviation - Cruise see sub-category details
1.A.3.aii (ii)|Domestic Civil Aviation - Cruise see sub-category details

Air transports differ significantly from land and water transports with respect to emissions production. In air transports, fuels
are burned under atmospheric conditions that a) differ markedly from those prevailing at ground level and b) can vary
widely.

The main factors that influence the combustion process in this sector include atmospheric pressure, environmental
temperature and humidity - all of which are factors that vary considerably with altitude.

In category 1.A.3.a - Civil Aviation the emissions from both national (domestic) and international civil aviation are reported
with separate acquisition of flight phases LTO (Landing/Take-off: 0-3,000 feet) and Cruise (above 3,000 feet) where only
emissions from LTO from both national and international flights have to be included in the national totals.

Emissions from military aircraft are not included in this category but are reported under military airborne combustion in NFR
sub-category 1.A.5.b ii.

Country specifics: The use of aviation gasoline is assumed to take place within the LTO-range of domestic flights only (below
3,000 feet). This assumption is a compromise due to a lack of further information and data.

Methodology

NOTE: Data available from Eurocontrol via the European Environment Agency (EEA) is not being used for inventory


https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/civil_aviation/iir-data_1.a.3.a_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/civil_aviation/iir-data_1.a.3.a_1990-2024_public.xlsx
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compilation. Nonetheless, depending on its timeliness, it is taken into account for verification purposes.

Estimation of aircraft emissions has been carried out using a tier 3a approach, i.e. under consideration of the annual
distances flown by different types of aircraft, deviated into domestic and international flights, also considering the different
flight stages L/TO cycle (Landing/Take-off cycle, i.e. aircraft movements below 3,000 feet or about 915 meters of altitude)
and cruise.

Essential for emissions reporting is the separation of domestic and international air traffic. This happens using a so-called
split factor representing the ratio of fuel consumption for national flights and the over-all consumption.

For determination of this ratio, results from TREMOD AV (TRansport Emissions MODel AViation) have been used, based on
the great circle distances flown by the different types of aircraft (Allekotte et al. (2025) *. Here, the ratio is calculated on the
basis of statistics on numbers of national and international flights departing from German airports provided by the Federal
Statistical Office (Statistisches Bundesamt).

For further dividing kerosene consumption onto flight stages LTO and cruise, again results calculated within the TREMOD AV
data base based on data provided by the Federal Statistical Office have been used.

Emissions are being estimated by multiplying the kerosene consumption of the flight stage with specific emission factors
(EF). Here, emissions of SO, are independent from the method used, depending only on the quantity and qualities of the fuel
used. In contrast, emissions of NO,, NMVOC, and CO strongly depend on the types of engines, flight elevations, flight stage,
etc. and can be estimated more precisely with higher tiers. The emission factors for NO,, CO, and NMVOC are therefore
computed within TREMOD AV.

The aviation gasoline (avgas) used is not added to the annual kerosene consumptions but reported separately. As proposed
in (IPCC, 2006a) ?, emissions caused by the incineration of avgas are calculated using adapted EF and calorific values
following a tierl approach.

For further information on AD (entire time series), EF, key sources, and recalculations see sub-chapters linked above.

Activity Data

Emissions estimation is mainly based on consumption data for jet kerosene and aviation gasoline as provided in the national
Energy Balances (AGEB, 2025) .. For very recent years with no AGEB data available (Normally the last year of the period
reported.) data provided by the Federal Office of Economics and Export Control (BAFA) * is being used.

Table 1: Sources for 1.A.3.a activity data

through 1994 AGEB - National Energy Balance, line 76: 'Luftverkehr'
from 1995 AGEB - National Energy Balance, line 63: 'Luftverkehr
recent years / comparison BAFA - Official oil data, table 7j: 'An die Luftfahrt' + 'An Sonstige"

' to achieve consistency with AGEB data, amounts given for deliveries 'to Aviation' (‘An die Luftfahrt') and 'to Others' (‘An
Sonstige') have to be added (see FAQs for more information)

Table 2: Total inland fuel deliveries to civil aviation, in terajoules

1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

Kerosene|193,329(233,437|297,258|343,828|361,751(361,651|389,024|425,140/437,203|434,490/199,931|257,520(384,975|401,833|385,857

Avgas 2,438 1,142| 1,120 697 567 569 418 415 400 328 214 159 175 133 169

1.A.3.a |195,767(234,579|298,378|344,525|362,319(362,220|389,443|425,555(437,604|434,818|200,145|257,679(385,151|401,965|386,027

source: Working Group on Energy Balances (AGEB): National Energy Balances (AGEB, 2025)

For the present purposes, kerosene-consumption figures from NEB and BAFA statistics have to be broken down by national
(= domestic) and international flights: Here, the split has been calculated on the basis of statistics on numbers of national
and international flights departing from German airports provided by the Federal Statistical Office (Statistisches Bundesamt)
within TREMOD AV °.

Table 3: Ratios for calculating the shares of fuels used in 1.A.3.a ii - Domestic and 1.A.3.a i - International Civil Aviation, in %

11990/1995(2000/2005/2010/2015(2016/2017|2018/2019|2020|2021|2022(20232024|
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11990/1995/2000|2005(2010|2015(2016/2017|2018/2019|2020(2021/2022(2023(2024
1.A.3.aii - Civil domestic aviation
Kerosene| 15.3) 12.8| 11.0| 8.80| 8.35 7.63| 7.14| 6.34| 6.14| 6.38 6.18| 3.70| 3.61| 3.65 3.81
Avgas | 86.0| 85.9| 86.1| 86.2| 86.3 86.2| 97.3| 97.0| 96.5| 96.2| 97.5| 92.8 92.8| 79.2| 80.5
1.A.3.ai - Civil international aviation
Kerosene| 84.7) 87.2| 89.0| 91.2 91.6| 92.4| 92.9| 93.7| 93.9| 93.6| 93.8| 96.3| 96.4| 96.3| 96.2
Avgas | 14.0| 14.1] 13.9] 13.8| 13.7| 13.8| 2.66] 3.00| 3.53 3.80| 2.54| 7.22| 7.20| 20.8] 19.5

Table 4: Resulting annual shares of jet kerosene and avgas used in 1.A.3.a ii - Domestic and 1.A.3.a i - International Civil

Aviation, in [T

| 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
1.A.3.a ii - Civil domestic aviation
Kerosene| 29,501/ 29,989| 32,746/ 30,260| 30,210/ 27,605| 27,783| 26,935| 26,843| 27,739| 12,354| 9,541 13,914| 14,676/ 14,710
Avgas 2,098 981 964 601 489 491 407 403 386 316 208 147 163] 105 136
1.A.3.a i - Civil international aviation
Kerosene|163,828(203,448|264,512/313,568|331,542|334,046|361,241(398,205|410,360|406,750/187,577|247,979371,062|387,156/371,147
Avgas 340f 161 156 96 78] 786/ 11.1] 125 141 125 543 115 126 276 33.1
1.A.3.a - OVER-ALL
Kerosene|193,329|233,437(297,258(343,828|361,751|361,651|389,024/425,140|437,203|434,490(199,931|257,520|384,975|401,833(385,857
Avgas 2,438 1,142 1,120, 697| 567 569 418 415 400, 328 214 159 175 133 169

The deviation of the kerosene consumed onto the two flight stages L/TO and cruise again has been carried based on
TREMOD AV estimations allowing the export of kerosene consumption during L/TO for both domestic and international
flights.

Table 5: Annual shares of L/TO stage in domestic and international civil aviation, in %

1990 | 1995 | 2000 | 2005 | 2010 | 2015 (2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
1.A3.ai| 755 | 825 | 742 | 7.13 | 759 | 837 | 801 | 744 | 743 | 7.71 | 7.25 | 6.08 | 6.14 | 6.53 | 6.14
1.A3.a
]

source: number of domestic and international flights as provided by the Federal Statistical Office (Destatis, 2025) ”,
compiled and computed within ¥

a assumption: all aircraft using aviation gasoline are operated within the L/TO-range below 3,000 feet and only for domestic
flights

30.0 | 293 | 27.8 | 27.5 | 275 | 27.6 | 28.0 | 28.1 | 28.3 | 28.1 | 27.5 | 32.9 | 31.8 | 285 | 31.8

Cruise consumption is then calculated as Total inland deliveries minus consumption druing L/TO.

Emission factors
Kerosene

Emissions have been calculated for each flight phase, based on the respective emission factors. Therefore, the EF used have
been taken from a wide range of different sources. In contrast to earlier submissions, the emissions of NO,, CO und HC are
based on aircraft-specific EF deposited within TREMOD AV. With this very detailed estimations average EF are being formed
which are than used for emissions reporting.

The EF provided with the current submission represent annual average EF for the entire fleet, calculated as implied EF from
the emissions computed within TREMOD AV and therefore differ from the values used in the past.

Sulphur dioxide (SO,) emissions depend directly on the kerosene's sulphur content which varies regionally as well as
seasonally. The EF used by Eurocontrol of 0.84 kg SO,/t kerosene lies between the values used for German inventory for
1990 to 1994 (1.08 to 1.03 kg SO,/t) and from 1995 (0.4 kg SO,/t). In IPCC 2006b ¥ with 1 kg SO,/t kerosene value comes
very close to the old inventory values provided, based on a sulfur content of 0.05 % of weight. Following current information
of the expert committee for the standardization of mineral oil and fuels (Fachausschuss fur Mineraldl-und
Brennstoffnormung, FAM), the common value for sulphur content of kerosene in Germany is about 0.01% of weight, i.e. one
fifth of the IPCC data. In IIR 2009, a sulfur content of 0.021 weight% have been used, based on measurements from 1998
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(Dépelheuer (2002)) ™.

As an EF decreasing due to improved production procedures and stricter critical levels seems plausible, for this report a
constant decline between the annual values of 1.08 g SO,/kg for 1990, 0.4 g for 1998 and 0.2 g for 2009 has been assumed.
Thereby, an exhaustive conversion of the sulfur into suflur dioxide is expected. - Due to the EF depending directly on the S
content of the kerosene, one annual EF is used for both flight stages.

Nitrogen oxide (NO,), carbon monoxide (CO) and hydrocarbons (HC) emissions were estimated using IEF calculated
within TREMOD AV, based upon more specific (depending on type of aircraft, flight stage) EF mostly taken from the EMEP-
EEA data base. For 2009, 40 % of over-all starts (about 70 % of total kilometres flown) had to be linked with adapted EF as it
was not possible to directly or even indirectly (via similar types of aircraft) allocate the aircraft used here. Therefore,
regression analysis had to be carried out, estimating EF via emission functions that calculate an EF for the respective type of
engine depending on the particular take-off weight.

As a basis for these functions the EF of types of aircraft with given EF have been used (see: Allekotte et al. (2024)) . From
the trend of the emissions calculated within TREMOD AV, annual average EF for the entire fleet have been formed, which
have then been used for reporting. Hence, the EF differ widely from those used in earlier submissions.

Ammonia (NH,) emissions were estimated using an EF of 0.173 g/kg kerosene for both flight stages (UBA, 2009) **.

The EFs for non-methane volatile organic compounds (NMVOC) were calculated as the difference between the EF for
over-all hydrocarbons (HC) and the EF for methane (CH,).

Particulate Matter Within the IPCC EF data base, there are no default data provided for emissions of particulate matter
(TSP, PM,,, and PM, ). Therefore, the EF for dust (Total Suspended Particulate Matter - TSP) are taken over from Corinair
(2006) **, giving specific values for an average fleet and for the two flight stages in table 8.2: For national flights 0.7 kg
TSP/LTO and 0.2 kg TSP/t kerosene and 0.15 kg TSP/LTO and 0.2 kg TSP/t kerosene for international flights. Following this
table, a kerosene consumption per LTO cycle of 825 kg for national and 1,617 kg for international flights have been assumed
and the EF for the LTO stage have been estimated.

Regarding Black Carbon, f-BC fractions from EMEP/EEA guidebook 2023, Chapter 1.A.3.a, 1.A.5 - Aviation, Annex 3, Table
A3.2 and Conclusion have been applied for both jet kerosene and aviation gasoline. (EMEP/EEA, 2023) ¥

As for polycyclic aromatic hydrocarbons (PAH), tierl EF from (EMEP/EEA, 2019) * have been apllied here. As the EMEP
guidebook does not provide original EF for jet kerosene, values provided for gasoline in road transport have been used here
as a proxy and will be replaced by more appropriate data as soon as this is available.

The conversion of EF representing emissions per kilo fuel combusted [kg pollutant/kg kerosene] into energy related EF [kg
pollutant/TJ energy] has been carried out using a net calorific value of 43,000 kj/kg.

Aviation gasoline

For aviation gasoline (avgas) a deviation onto LTO and cruise is assumed to be unnecessary. Therefore, there are no such
specific EF used here. As for kerosene, the EF for NO,, CO and HC have been taken from the calculations carried out within
TREMOD AV. Here, for calculating aircraft specific NO,, CO, and HC emissions corresponding EF from the EMEP-EEA data
base have been used that have than been divided by the annual avgas consumption to form annual average EF for emission
reporting.

With respect to fuel characteristics, there are no big differences between avgas and gasoline used in passenger cars (PC).
Therefore, specific sulphur dioxide (SO,) emissions from PC gasoline can be carried forward to avgas. - Following the
expert committee for the standardization of mineral oil and fuels (FAM), the critical value of sulfur content for gasoline sold
at gas stations is 10 mg/kg, i.e. 0,001 % of weight - or one tenth of the kerosene value. Therefore, the EF used for avgas
equals the EF used for kerosene reduced by 90 %.

There are different sorts of avgas sold with different lead (Pb) contents. As an exact annual ration of the sorts sold is not
available, the most common type of avgas (AvGas 100 LL (Low Lead)) with a lead content of 0.56 g/l is set as an
approximation. (see EMEP/EEA (2023), Chapter 1.A.3.a, 1.A.5.b Aviation, Annex 2, page 44, Table A2.1 *®

The EF(TSP) were calculated from the lead content of AvGas 100 LL by multiplication with a factor 1.6 as used for leaded
gasoline in road transport in the TREMOD system.

For NMVOC, an emission factor from the Revised IPCC Guidelines 1996 (pages | 42 and 40) *”, ® is used.
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All other emission factors are not available specifically for small aircraft and therefore have been equalized with the EF used
for kerosene, national, cruise.

The conversion of the emission factors from [kg emission/kg avgas consumed] into [kg emission/T] energy converted] has
been carried out using a net calorific value of 44,300 kj/kg.

NOTE: For the country-specific emission factors applied for particulate matter, no clear indication is available, whether or
not condensables are included.

For information on the emission factors for heavy-metal and POP exhaust emissions, please refer to Appendix 2.3
- Heavy Metal (HM) exhaust emissions from mobile sources and Appendix 2.4 - Persistent Organic Pollutant (POP) exhaust
emissions from mobile sources.

Recalculations

Total jet kerosene inland deliveries remainig unchanged for all years but 2023 within the National Energy Balances. On the
other hand, avgas inland deliveries were revised for all years as of 2003 within the same National Energy Balances.

Table 7: Revised total annual inland deliveries of jet kerosene and avgas as provided in NEB line 63, in terajoules [T]]

| 2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

JET KEROSENE

current
submission

previous
submission

absolute
change 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -289

relative change | 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| -0.07%
AVGAS

290,470(343,828|361,751|361,651(389,024|425,140|437,203|434,490(199,931|257,520|384,975|401,833

290,470(343,828|361,751|361,651(389,024|425,140|437,203|434,490|199,931|257,520(384,975|402,121

current 765| 697 567| 569| 418 415 400| 328/ 214/ 159| 175| 133
submission
previous 766]  698| 568 570/ 419 415/ 401 328/ 214/ 159| 175 130
submission
absolute 048 -0.43 -0.35 -0.35 -0.26 -0.26 -0.25 -0.20 -0.13 -0.10, -0.11 3.05
change

relative change | -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| 2.34%

Furthermore, the domestic share of total kerosene consumption was revised for 2023 and based on slightly revised
background data for this specific year computed within the underlying model, TREMOD Aviation:

Table 8: Revised percental share of kerosene used for domestic flights in 2023, in %

current submission |3.6523
previous submission|3.6497
absolute change 0.0026
relative change 0.07%

As a result, the amounts of jet kerosene allocated to NFR sub-categories 1.A.3.a i and 1.A.3.a ii and for 2023 had to be
revised accordingly. Here, the activity data allocated to NFR 1.A.3.a i was reduced by the same amount by which the activity
data allocated to NFR 1.A.3.a ii was increased:

Table 9: Revised amounts of fuel allocated to international (1.A.3.a i) and domestic (1.A.3.a ii) flights, in [T]]

| 2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
1.A.3.a i - Civil international aviation
JET KEROSENE

current
submission

260,237(313,568|331,542|334,046(361,241|398,205|410,360(406,750({187,577|247,979|371,062(387,156
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2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

gzi‘:‘?:ssion 260,237|313,568(331,542(334,046(361,241(398,205(410,360(406,750|187,577|247,979|371,062|387,445
absolute 0.000 0.00 000 000 000 000 000 000 000 000 000 -289
change

relative change | 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| -0.07%

AVGAS

current
cubmission 106] 96.2| 779 786/ 111 125/ 141 125 543 115 12.6] 276
previous 106 96.3] 780/ 786 11.1] 125 141 125 543 115 126 27.0
submission
:I'::;’L“:e -0.066| -0.060 -0.048| -0.049| -0.007| -0.008| -0.009| -0.008| -0.003| -0.007| -0.008 0.633

relative change | -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| 2.34%

1.A.3.aii - Civil domestic aviation

JET KEROSENE

current

.. 30,233| 30,260/ 30,210/ 27,605| 27,783| 26,935| 26,843| 27,739| 12,354| 9,541| 13,914| 14,676
submission

previous

. 30,233| 30,260/ 30,210/ 27,605| 27,783| 26,935 26,843| 27,739| 12,354| 9,541| 13,914| 14,676
submission

absolute

change 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

relative change | 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%

AVGAS

current 660/ 601 489 491 407 403 386 316 208 147 163| 105
submission
previous 660 601 490 491 407 403 386 316/ 209 147 163 103
submission
absolute 041 -037 -030 -031] -025 -025 -024 -020 -013 -0.09 -0.10 241
change

relative change | -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| 2.34%

for Base Year and 2023, please see the recalculation tables following chapter

6 For pollutant-specific information on recalculated emission estimates
9.1 - Recalculations.

Planned improvements

Besides the routine revision of the underlying model, no specific improvements are planned.

Uncertainties

Information on uncertainties is provided here with most data representing expert judgement from the research project
mentioned above.

For estimating uncertainties, the partial uncertainties (U, to U,) of the components incorporated in emission calculations
have to be quantified. By additive linking of the squared partial uncertainties the overall uncertainty (U,,,) can then be
estimated (IPCC, 2000) **',

The uncertainties given here have been evaluated for all time series and flight stages as average values. Estimating the
overall uncertainty has been carried out as shown in the table below. In the very left column the components of the
uncertainty estimations are listed with their partial uncertainties given in the next column. The next columns show the data
linked to estimate the different overall uncertainties which themselves represent partial uncertainties for higher aggregated
data and so on.

As an example, the uncertainty of the kerosene consumptions for domestic flights divided by flight stages (LTO and cruise)
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has been calculated from the partial uncertainty of the over-all kerosene consumption for domestic flights and the partial
uncertainty of the LTO-cruise-split. Here, the split is based on the number of flights provided by the Federal Statistical Office
and assumptions on the composition of the fleet. The overall uncertainties of both fuel consumption during LTO and cruise
itself then represent a partial uncertainty within the estimation of the uncertainties of emissions.

Several partial uncertainties are based on assumptions. For example, the uncertainty given for the entire time series of the
split factor domestic:international flights is an average value: For the years 1990 to 2002 data is based upon estimations
carried out within TREMOD AV which themselves are based on data from the Federal Statistical Office and EF from the EMEP-
EEA data base. For 2003 to 2011 data from Eurocontrol are being used, that are calculated within ANCAT. Comparing results
from the ANCAT model with actual consumption data show aberrations of +12 %. Here, data calculated with AEM 3 model
would have an uncertainty of only 3 to 5 % (EUROCONTROL 2006) *°.

As no uncertainty estimates were carried out for ammonia and particulate matter within the above-mentioned project,
values from the PAREST research project mentioned for most over mobile sources were used. Here, the final report has not
yet been published.

FAQs

Whereby does the party justify the adding-up of the two amounts provided by BAFA as deliveries 'An die
Luftfahrt' and 'An Sonstige' ?

For mineral oils, German National Energy Balances (NEBs) - amongst other sources - are based on BAFA data on the
amounts delivered to different sectors. A comparison with consumption data from AGEB and BAFA shows that data from NEB
21)

line 76 /63: 'Luftverkehr' equals to the amount added from both columns provided by BAFA “".
On which basis does the party estimate the reported lead emissions from aviation gasoline?

assumption by party: aviation gasoline = AvGas 100 LL (see EMEP/EEA (2023): Chapter 1.A.3.a, 1.A.5.b Aviation, Annex 2,
page 44, Table A2.1) *® (AvGas 100 LL is the predominant sort of aviation gasoline in Western Europe) * lead content of
AvGas 100 LL: 0.56 g lead)/liter (as tetra ethyl lead) **

The applied procedure is similar to the one used for calculating lead emissions from leaded gasoline used in road transport.
(There, in contrast to aviation gasoline, the lead content constantly declined resulting in a ban of leaded gasoline in 1997.)

On which basis does the party estimate the reported TSP emissions from aviation gasoline?

The TSP emissions calculated depend directly on the reported lead emissions: The emission factor for TSP is 1.6 times the
emission factor used for lead: EF(TSP) = 1.6 x EF(Pb). The applied procedure is similar to the one used for calculating TSP
emissions from leaded gasoline used in road transport.

2 IPCC (2006b): Intergovernmental Panel on Climate Change: IPCC emission factor data base; URL:
http://www.ipcc-nggip.iges.or.jp/EFDB/main.php

33 AGEB (2025): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz fiir
die Bundesrepublik Deutschland; https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xlIsx, (Aufruf: 04.12.2025), K6In
& Berlin, September 2025

421 BAFA (2025): Federal Office of Economics and Export Control (Bundesamt fiir Wirtschaft und Ausfuhrkontrolle, BAFA):
Amtliche Mineraldldaten fur die Bundesrepublik Deutschland;
https://www.bafa.de/SharedDocs/Downloads/DE/Energie/Mineraloel/moel_amtliche_daten_2024 _12.html, Eschborn, 2025.
-8 pllekotte et al. (2025): TREMOD Aviation (TREMOD AV) - Revision des Modells zur Berechnung des Flugverkehrs
(TREMOD-AV). Ifeu Institut fiir Energie- und Umweltforschung Heidelberg GmbH & Oko-Institut e.V., on behalf of the
Umweltbundesamt, Heidelberg & Berlin / Dessau-RoRlau, 2025.

9 Doepelheuer, A. (2002): Anwendungsorientierte Verfahren zur Bestimmung von CO, HC und RuB aus Luftfahrttriebwerken,
Dissertationsschrift des DLR, Institut flr Antriebstechnik, https://elib.dlr.de/49148/, ISSN: 1434-8454, KdéIn, 2002.

) CORINAIR, 2006 - EMEP/CORINAIR Emission Inventory Guidebook - 2006, EEA technical report No. 11/2006; Dezember
2006, Kopenhagen, 2006 URL: http://www.eea.europa.eu/publications/EMEPCORINAIR4

14).16).22).24) EMEP/EEA (2023): EMEP/EEA air pollutant emission inventory guidebook 2023,
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combust
ion/1-a-3-a-aviation-2023/view; Copenhagen, 2023.

" Revised 1996 IPCC Guidelines, Volume 3: Reference Manual, Chapter I: Energy; URL:
http://www.ipcc-nggip.iges.or.jp/public/gl/guidelin/chlref2.pdf, p. .40


http://www.ipcc-nggip.iges.or.jp/EFDB/main.php
https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xlsx
https://www.bafa.de/SharedDocs/Downloads/DE/Energie/Mineraloel/moel_amtliche_daten_2024_12.html
https://elib.dlr.de/49148/
http://www.eea.europa.eu/publications/EMEPCORINAIR4
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/view
http://www.ipcc-nggip.iges.or.jp/public/gl/guidelin/ch1ref2.pdf
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® Revised 1996 IPCC Guidelines, Volume 3: Reference Manual, Chapter I: Energy;
http://www.ipcc-nggip.iges.or.jp/public/gl/guidelin/ch1ref3.pdf, p. 1.42

¥ |PCC, 2000: Intergovernmental Panel on Climate Change, Good Practice Guidance and Uncertainty Management in
National Greenhouse Gas Inventories, IPCC Secretariat, 16th Session, Montreal, 1-8 May 2000, URL:
http://www.ipcc-nggip.iges.or.jp/public/gp/english/

29 EUROCONTROL, 2006 - The Advanced Emission Model (AEM3) - Validation Report, Jelinek, F., Carlier, S., Smith, J., EEC
Report EEC/SEE/2004/004, Brussel 2004 URL:
http://www.eurocontrol.int/eec/public/standard_page/DOC_Report 2004_016.html
http://www.eurocontrol.int/eec/public/standard_page/DOC_Report_2006_030.html

2 https://en.wikipedia.org/wiki/Avgas
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1.A.3.a i (i) - International Civil Aviation: LTO

Short description

NFR-specific inventory
data

In NFR category 1.A.3.a i (i) - International Civil Aviation: LTO emissions during LTO stage (Landing/Take-off: 0-3,000 feet)
are reported. In the following, information on sub-category specific AD, (implied) emission factors and emission estimates

are provided.

Category Code Method AD EF
1.A.3.ai(i) T1,T2,T3 NS, M CS,D, M
Method(s) applied

D Default

Tl Tier 1/ Simple Methodology *

T2 Tier 2%

T3 Tier 3 / Detailed Methodology *

C CORINAIR

(o) Country Specific

M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.

(source for) Activity Data

*

no analysis done

NS National Statistics

RS Regional Statistics

IS International Statistics

PS Plant Specific

As Associations, business organisations

Q specific Questionnaires (or surveys)

M Model / Modelled

C Confidential

(source for) Emission Factors

D Default (EMEP Guidebook)

CS Country Specific

PS Plant Specific

M Model / Modelled

C Confidential

NO,/NMVOC|SO, NH;|PM, ;|PM,,TSP/BC|CO|Pb|Cd|Hg|As|Cr|Cu|Ni[Se|Zn|PCDD/F|B(a)P|B(b)F|B(k)F|I(x)P|PAH1-4/HCB|PCBs
-/ -/- -\ A= | - | - | - | - - - - - || - |- - <) NE -/- -/- -~ | -/ -/ NA | NA

L/- key source by Level only
-/T |key source by Trend only
L/T|key source by both Level and Trend
-/- [no key source for this pollutant
IE |emission of specific pollutant Included Elsewhere (i.e. in another category)
NE [emission of specific pollutant Not Estimated (yet)
NA [specific pollutant not emitted from this source or activity = Not Applicable



https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/civil_aviation/iir-data_1.a.3.ai_i_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/civil_aviation/iir-data_1.a.3.ai_i_1990-2024_public.xlsx
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Methodology

Actitvity Data

Specific jet kerosene consumption during LTO-stage is calculated within TREMOD AV * as described in the main chapter on

civil aviation.

Table 1: Percentual annual fuel consumption during LTO-stage of international flights

1990(1995(2000/2005 2016/2017/2018 2021(2022/2023|2024
Jet Kerosene 7.5518.25(7.42|7.13 8.01|7.44(7.43 6.08 | 6.14 | 6.53 | 7.40
Aviation Gasoline| 1.89(1.84(1.82|1.89 6.80|6.63 | 7.44 20.9/19.9|1.58|1.77
source: Allekotte et al. (2025) ?
Table 2: annual LTO fuel consumption for international flights, in terajoule
1990 | 1995 | 2000 | 2005 2016 | 2017 2020 | 2021 | 2022 | 2023 | 2024
Jet
Kerosene 12,364/ 16,785| 19,619| 22,351 28,920( 29,629 13,603| 15,084| 22,789| 25,293| 27,470
Aviation | ¢ 14 296 282 181 0.76| 0.83 0.49| 2.40 2.51| 0.44| 059
Gasoline
>/12,370/16,788|19,622|22,353 28,920/29,630 13,604|15,087|22,791|25,294(27,470
source: Allekotte et al. (2025) *

After a strong but temporary decline during an right after the Covid-19 pandemic, kerosene consumption shows a steady
upwards trend again especially after 2021, already reaching about 80% of its pre-pandemic levels. In contrast, domestic

flights show no such strong “regeneration” yet (see related sub-chapters).
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All country specific emission factors used for emission reporting were basically ascertained within UBA project FKZ 360 16
029 (Knérr, W., Schacht, A., & Gores, S. (2012)) ¥ and have since then been compiled, revised and maintained in TREMOD AV

5)

& g

{ o

Emission factors

For more information, please see superordinate chapter on civil aviation.

Table 2: Annual country-specific emission factors, in kg/T]

| 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
JET KEROSENE
NH, 398/ 3.95 3.95 397/ 3.97 397 397| 3.97 397 397 397 397 3.97 3.97
NMvoc | 617| 375 270/ 237 219 213] 209 214/ 222 200 207/ 191 189 178
NO, 296/ 306 302| 323| 342 352 357| 357] 355 358 368 367| 365 365
SO, 19.7| 195 195 196/ 19.6) 19.6/ 19.6] 19.6) 19.6| 19.6] 19.6/ 19.6| 19.6] 19.6
BC 175 161 144/ 136 120 113 111 110 1.10 1.06 1.05| 1.06/ 1.08 1.09
PM,
PM,,, 3.65 335 299 282 249 235 232 229 229 222| 219 221 224/ 228
TSP
co 253] 230, 240 221] 204] 198 193] 193 197 189 189 189 187 184
AVIATION GASOLINE
NH, NE
NMvOoC | 619] 636 659 678] 665 668) 653] 644] 651 642] 634 667 667 663
NO, 101 96.1 927 919 913 96.7| 97.4 982 80.4| 758 728 957 97.9 942
SO, 0.46| 0.46/ 046/ 046/ 0.46 046/ 046 046 046/ 046 046 046 0.46 0.46
BC' 406/ 459 4.92] 4.90| 4.98 4.5 410/ 4.02| 695 7.71] 813 453 4.18 481
:mi:; 270/ 306 32.8 32.6/ 33.2| 283| 27.3| 268 46.4| 514/ 542/ 302/ 279/ 320
TSP’ 42.2| 458 480 47.8| 484| 435 425 420/ 615 66.6] 693 454/ 430 472
co 15,535| 16,276 16,792| 16,174] 16,885| 16,141] 16,441| 16,754 19,006| 19,952| 20,619] 16,543 16,262] 16,961
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| 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

! estimated via a f-BCs (avgas: 0.15, jet kerosene: 0.48) as provided in EMEP/EEA (2023) & Chapter: 1.A.3.a, 1.A5.b
Aviation, Annex 3, Table A3.2 and Conclusion

> EF(PM, ) also applied for PM,, and TSP (assumption: > 99% of TSP from diesel oil combustion consists of PM, )

* also including TSP from lead: EF(TSP) = 1.6 x EF(Pb) - see road transport

For the country-specific emission factors applied for particulate matter, no clear indication is available,
whether or not condensables are included.

Discussion of emission trends

o NFR sub-category 1.A.3.ai (i) is no key source for emissions.

Corresponding directly with fuel consumption, emission estimates show a steady upwards trend again especially as of 2022
for international flights, already reaching about 80% of its pre-pandemic levels. In contrast, emissions from domestic flights
show no such strong “regeneration” yet (see related sub-chapters).
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Annual particulate matter emissions
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As the percentual shares of kerosene and aviation gasoline consumed during L/TO remain unrevised, changes in activity
data occur only as a result of the biennial routine revision of the National Energy Balances for all years as of 2003, and only
for aviation gasoline.

Recalculations

Table 5: Revised fuel consumption data 2003-2023, in terajoules

| 2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

JET KEROSENE
current submission |19,355|22,351|25,149(27,961|28,920|29,629|30,477|31,355(13,603|15,084|22,789|25,293
previous submission|19,355(22,351|25,149|27,961|28,920|29,629(30,477|31,355|13,603|15,084|22,789|25,293

absolute change 0.00f 0.00( 0.00f 0.00/ 0.00, 0.00; 0.00/ 0.00; 0.00] 0.00{ 0.00f 0.00
relative change 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%
AVGAS

current submission | 1.880| 1.814| 1.459| 1.365| 0.756| 0.828| 1.052| 0.947| 0.494| 2.398| 2.512| 0.437
previous submission| 1.882| 1.815| 1.460| 1.366| 0.757| 0.828| 1.053| 0.947| 0.494| 2.399| 2.514| 0.427
absolute change -0.001|-0.001|-0.001|-0.001| 0.000|-0.001|-0.001|-0.001| 0.000|-0.001|-0.002| 0.010
relative change -0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%| 2.34%

In contrast, all country-specific emission factors as well as values derived from defaults remain unaltered with the current
submission.

for Base Year and 2023, please see the recalculation tables following chapter

o For pollutant-specific information on recalculated emission estimates
9.1 - Recalculations.
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Uncertainties
For information on uncertainties, please see the main
chapter on civil aviation.

Planned improvements
For information on planned improvements, please see
main chapter on civil aviation.

FAQs

123130 Allekotte et al. (2025): TREMOD Aviation (TREMOD AV) - Revision des Modells zur Berechnung des Flugverkehrs
(TREMOD-AV). Ifeu Institut fiir Energie- und Umweltforschung Heidelberg GmbH & Oko-Institut e.V., on behalf of the
Umweltbundesamt, Heidelberg & Berlin / Dessau-RoRlau, 2025.

# Knérr, W., Schacht, A., & Gores, S. (2012): Entwicklung eines eigenstandigen Modells zur Berechnung des Flugverkehrs
(TREMOD-AV): Endbericht. Endbericht zum F+E-Vorhaben 360 16 029, URL:
https://www.umweltbundesamt.de/publikationen/entwicklung-eines-modells-zur-berechnung; on behalf of the
Umweltbundesamt, Heidelberg & Berlin / Dessau-RoRlau,2012.

® EMEP/EEA (2023): EMEP/EEA air pollutant emission inventory guidebook 2023, Chapter 1.A.3.a, 1.A.5.b Aviation,
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/
1-a-combustion/1-a-3-a-aviation-2023/@@download/file; Copenhagen, 2023


https://www.umweltbundesamt.de/publikationen/entwicklung-eines-modells-zur-berechnung
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/@@download/file
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/@@download/file
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1.A.3.a ii (i) - Domestic Civil Aviation: LTO

NFR-specific inventory

———— data

Short description

In NFR category 1.A.3.a i (i) - Domestic Civil Aviation: LTO emissions from domestic flights between German airports
occuring during LTO stage (Landing/Take-off: 0-3,000 feet) are reported.

Category Code Method AD EF
1.A.3.aii (i) T1,T2,T3 NS, M CS,D, M
Method(s) applied
D Default
Tl Tier 1 / Simple Methodology *
T2 Tier 2%
T3 Tier 3 / Detailed Methodology *
C CORINAIR
CS Country Specific
M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.
(source for) Activity Data

NS National Statistics
RS Regional Statistics
IS International Statistics
PS Plant Specific
As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled
C Confidential
(source for) Emission Factors
D Default (EMEP Guidebook)
CS Country Specific
PS Plant Specific
M Model / Modelled
C Confidential

NO, NMVOC|SO, NH;|PM, ; PM,, TSP|BC|CO(Pb|Cd /Hg|As|Cr|Cu|Ni|Se|Zn|PCDD/F|B(a)P|B(b)F|B(k)F|I(x)P/PAH1-4 HCB|PCBs
S| L L L [ o N T T [ [ [+ [NANA

L/- key source by Level only
-/T [key source by Trend only
L/T|key source by both Level and Trend
-/- [no key source for this pollutant
IE |emission of specific pollutant Included Elsewhere (i.e. in another category)
NE [emission of specific pollutant Not Estimated (yet)
NA [specific pollutant not emitted from this source or activity = Not Applicable
* no analysis done

In the following, information on sub-category specific AD, (implied) emission factors and emission estimates are provided.



https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/civil_aviation/iir-data_1.a.3.aii_i_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/civil_aviation/iir-data_1.a.3.aii_i_1990-2024_public.xlsx
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Methodology
Actitvity Data
Specific jet kerosene consumption during LTO-stage is calculated within TREMOD AV as described in the superordinate

chapter.

Table 1: Percentual annual fuel consumption during LTO-stage of domestic flights

1990/1995/2000/2005/2010/2015/2016/2017/2018/2019/2020/2021|2022/2023|2024
Jet Kerosene 30.0(29.3|27.8|27.5|27.5/27.6(28.0(28.1/28.3|28.1|27.5/32.9(31.8(28.5|27.8
Aviation Gasoline| 12.6(12.6 |12.6|13.0|12.8|12.6(12.6(12.3/12.8|12.8|12.7|21.7(21.9(21.0|17.7
source: Allekotte et al. (2025) "

As explained above, the use of aviation gasoline is - due to a lack of further information - assumed to entirely take place
within the LTO-range.

Table 2: annual LTO fuel consumption for domestic flights, in terajoule

1990|1995 2000 2005|2010 2015|2016 2017|2018 2019 |2020|2021 2022|2023 | 2024
Jet Kerosene 8,864 (8,782 (9,100 |8,331 (8,318 |7,612 |7,773 |7,569 |7,584 |7,784 |3,402 |3,140 | 4,429| 4,186| 4,091
Aviation Gasoline| 264| 123| 121| 78.2| 62.6| 62.0) 51.3| 49.7| 49.4| 40.5| 26.5| 31.9| 35.6| 22.1] 24.1
2(9,128/8,906/9,221 8,409 8,380/7,674/7,825/7,619|7,634|7,824/3,428|3,172|4,465|4,208(4,115

source: Allekotte et al. (2025)
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All country-specific emission factors used for emission reporting were basically ascertained within UBA project FKZ 360 16
029 (Kndrr, W., Schacht, A., & Gores, S. (2012)) ? and have since then been compiled, revised and maintained in TREMOD

AV.

Furthermore, the newly implemented EF(BC) have been estimated via f-BCs as provided in the 2023 EMEP/EEA

Guidebook *, Chapter 1.A.3.a, 1.A.5.b Aviation, page 49: “Conclusion”.

For more details, please see the superordinate chapter on civil aviation.

Table 3: Country-specific emission factors, in kg/TJ

| 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

JET KEROSENE

NH, 3.98 3.95| 3.95] 3.97] 3.97] 397/ 3.97] 3.97] 397 3.97] 3.97] 397 3.97] 3.97] 3.97
NMvoC| 36.1| 36.2] 38.8] 39.5| 386 44.8) 42.3| 446 480/ 502/ 804 922| 72.8] 487 494
NO, 290 320/ 282| 273 300/ 308 318 318 313 310 286| 272[ 288 305 307
so, 19.7] 195 195/ 19.6] 19.6] 19.6| 19.6] 19.6] 19.6] 19.6| 19.6| 19.6] 19.6] 19.6/ 19.6
BC 1.37| 151 1.49) 155 145 144 139 137 146 1.32) 138 144/ 139 1.25 1.28
PM,;,

PM,,, 2.86| 3.15| 3.10/ 3.23| 3.02| 3.01) 2.89| 2.85 3.04 275 2.87| 299 291 261 2.67
TSP?

co 227| 225] 203 305| 273 280 264 267| 280 289 402| 442 372| 369 367
AVIATION GASOLINE

NH, NE

NMvoc| 673] 672] 673 687] 675 672 663] 654] 674 669 666 667 663 668 649
NO, 97.2| 96.7| 96.7| 94.7] 95.4| 96.9] 97.8] 988 955 942 946/ 935 91.6] 982 989
SO, 0.46| 0.46| 0.46] 0.46| 0.46| 046 046/ 046/ 046 046/ 0.46] 046 046/ 0.46] 0.46
BC 426 432| 431 452 447 429 419 410 450 474 469 490 522/ 4.14] 410
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1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
:mz:; 28.4| 28.8 28.8/ 30.2| 29.8 28.6| 27.9) 27.3] 30.0/ 31.6| 31.3| 32.7| 34.8/ 27.6| 27.3
TSP® 43.5| 44.0) 43.9) 45.3| 45.0/ 43.8/ 43.1) 425 45.2| 46.8/ 46.4) 47.8/ 50.0f 428/ 425
co 16,026/16,098/16,095|15,647/16,133|16,131|16,436|16,740/16,287|16,667|16,761|16,948(17,407|16,236/16,766

! estimated via a f-BCs (avgas: 0.15, jet kerosene: 0.48) as provided in EMEP/EEA (2023) *, Chapter: 1.A.3.a, 1.A.5.b
Aviation, Annex 3, Table A3.2 and Conclusions

> EF(PM, ,) also applied for PM,, and TSP (assumption: > 99% of TSP from diesel oil combustion consists of PM, ;)

* also including TSP from lead: EF(TSP) = 1.6 x EF(Pb) - see road transport

o
o

Trend discussion for Key Sources

” NFR sub-category 1.A.3.a ii (i) is no key source for emissions.

For the country-specific emission factors applied for particulate matter, no clear indication is available,
whether or not condensables are included.

For information on the emission factors for heavy-metal and POP exhaust emissions, please refer to
Appendix 2.3 - Heavy Metal (HM) exhaust emissions from mobile sources and Appendix 2.4 - Persistent
Organic Pollutant (POP) exhaust emissions from mobile sources.

Basically, emission trends corespond directly with fuel consumption, resulting in a strong but temporary decline during an
right after the Covid-19 pandemic. Here, with fuel consumption and emissions showing a steady upwards trend again in
2021 and 2022 for international flights, this “recovery” is much slower for domestic flights.

Where, for example, nitrogen oxides and sulphur oxides emissions are dominated by jet kerosene due to the amount of
fuel used,...
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.. the majority of carbon monoxide stems from the consumption of avgas given the much higher emission factor applied
to this fuel, with the emission trend following the trend in avgas consumption:
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Annual carbon monoxide emissions

0,030

025

stimates im[kt)]
=}

slan

o

0,005

Lead emissions, on the other hand, with no emission factor available for jet kerosene, are only calculated for avgas. Based
on a stable fuel lead-content, the emission trend follows the trend in avgas consumption:

Annual lead emissions {from leaded avgas)
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Recalculations

As the percentual shares of kerosene and aviation gasoline consumed during L/TO remain unrevised, changes in activity
data occur only as a result of the biennial routine revision of the National Energy Balances for all years as of 2003, and only
for aviation gasoline.

Table 4: Revised fuel consumption data 2003-2023, in terajoules

| 2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

JET KEROSENE
current submission | 8,376/ 8,331 8,318 7,612| 7,773| 7,569| 7,584| 7,784| 3,402| 3,140| 4,429| 4,186
previous submission| 8,376| 8,331| 8,318| 7,612| 7,773| 7,569| 7,584| 7,784| 3,402| 3,140| 4,429| 4,186

absolute change 0.00f 0.00f 0.00f 0.00f 0.00, 0.00, 0.00/ 0.00; 0.00; 0.00; 0.00] 0.00
relative change 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%|0.00%
AVGAS

current submission 82.9| 78.2| 62.6| 62.0/ 51.3| 49.7 49.4| 40.5| 26.5| 31.9| 35.6| 22.1
previous submission, 83.0| 78.2| 62.6| 62.0/ 51.3| 49.7| 49.4| 40.5| 26.6] 32.0| 35.6/ 21.6
absolute change -0.05| -0.05| -0.04| -0.04| -0.03| -0.03/ -0.03| -0.03| -0.02| -0.02| -0.02| 0.51
relative change -0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|(2.34%

Furthermore, all country-specific emission factors as well as values derived from defaults remain unaltered, too, with the
current submission.

for Base Year and 2023, please see the recalculation tables following chapter

“ For pollutant-specific information on recalculated emission estimates
9.1 - Recalculations.

Uncertainties

“ For information on uncertainties, please see the main chapter on civil
aviation.

Planned improvements

For information on planned improvements, please see main chapter on
civil aviation.

Y Allekotte et al. (2025): TREMOD Aviation (TREMOD AV) - Revision des Modells zur Berechnung des Flugverkehrs (TREMOD-
AV). Ifeu Institut fir Energie- und Umweltforschung Heidelberg GmbH & Oko-Institut e.V., on behalf of the
Umweltbundesamt, Heidelberg & Berlin / Dessau-RoRlau, 2025.

2 Knérr, W., Schacht, A., & Gores, S. (2012): Entwicklung eines eigenstandigen Modells zur Berechnung des Flugverkehrs
(TREMOD-AV): Endbericht. Endbericht zum F+E-Vorhaben 360 16 029, URL:
https://www.umweltbundesamt.de/publikationen/entwicklung-eines-modells-zur-berechnung; on behalf of the
Umweltbundesamt, Heidelberg & Berlin / Dessau-RoRlau,2012.

-4 EMEP/EEA (2023): EMEP/EEA air pollutant emission inventory guidebook 2023, Chapter 1.A.3.a, 1.A.5.b Aviation,
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/
1-a-combustion/1-a-3-a-aviation-2023/@@download/file; Copenhagen, 2023


https://www.umweltbundesamt.de/publikationen/entwicklung-eines-modells-zur-berechnung
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/@@download/file
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/@@download/file
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1.A.3.a i (ii) - Internatinal Civil Aviation: Cruise

NFR-specific inventory

= data
Short description
Category Code Method AD EF
1.A.3.ai (ii) T1,T2, T3 NS, M CS,D,M
Method(s) applied
D Default
Tl Tier 1/ Simple Methodology *
T2 Tier 2*
T3 Tier 3 / Detailed Methodology *
C CORINAIR
CS Country Specific
M Model
* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.
(source for) Activity Data
NS National Statistics
RS Regional Statistics
IS International Statistics
PS Plant Specific
As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled
C Confidential
(source for) Emission Factors
D Default (EMEP Guidebook)
CS Country Specific
PS Plant Specific
M Model / Modelled
C Confidential
NO, NMVOC|SO, NH;|PM,; PM,, TSP|BC|CO(Pb|Cd /Hg|As|Cr|Cu|Ni|Se(Zn|PCDD/F|B(a)P|B(b)F|B(k)F|I(x)P/PAH1-4 HCB|PCBs
-/- -/- -\ ol | - | - - A - - | |- - NE -/ -/- - | - -/- NA | NA
L/-|key source by Level only
-/T|key source by Trend only
L/T|key source by both Level and Trend
-/- |no key source for this pollutant
IE |emission of specific pollutant Included Elsewhere (i.e. in another category)
NE [emission of specific pollutant Not Estimated (yet)
NA [specific pollutant not emitted from this source or activity = Not Applicable
* no analysis done

In NFR category 1.A.3.a i (ii) - Internatinal Civil Aviation: Cruise emissions from international flights from German airports

during cruise stage (above 3,000 feet of altitude) are reported.

In the following, information on sub-category specific activity data, (implied) emission factors and emission estimates are

provided.



https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/civil_aviation/iir-data_1.a.3.ai_ii_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/civil_aviation/iir-data_1.a.3.ai_ii_1990-2024_public.xlsx
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Methodology
Actitvity Data
Specific jet kerosene consumption during cruise-stage is calculated within TREMOD AV as described in the superordinate

chapter on civil aviation.

Table 1: annual jet kerosene consumption during cruise-stage, in terajoules

1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
Jk(::rosene 151,464/186,663|244,893|291,217|306,393|306,085|332,321|368,575(379,883|375,395|173,974|232,895|348,273|361,863|343,677
Avgas 334 158 153 94.4 76.5 77.2 10.4 11.6 13.1 11.5 4.94 9.07 10.1 27.2 32.5

source: Allekotte et al. (2025)
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After a strong decrease during the Covid-19 pandemic, flight activity and, hence, fuel consumption show a ongoing
“recovery” being close to pre-pandemic levels again in 2022.

Emission factors

All country specific emission factors used for emission reporting were basically ascertained within UBA project FKZ 360 16
029 ? and have since then been compiled, revised and maintained in TREMOD AV *.

For more information, please see the superordinate chapter on civil aviation.

Table 2: Annual country-specific emission factors, in kg/TJ

| 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
JET KEROSENE

NH, | 3.98 3.95/ 3.95 3.97/ 397| 3.97| 397/ 397 3.97] 397| 3.97] 397/ 397 3.97] 3.97
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1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
NMVOC| 135 9.09| 6.13| 5.33| 4.72| 4.44| 4.24| 430 4.41| 435 4.49| 4.13| 421 4.13| 3.85
NO, 313| 316/ 328/ 337 351| 365 370/ 372 373| 375 379 378 378 375 373
SO, 19.7 19.5| 19.5| 19.6/ 19.6/ 19.6/ 19.6| 19.6/ 19.6/ 19.6/ 19.6| 19.6/ 19.6/ 19.6/ 19.6
BC? 1.87| 1.94| 2.02| 192 1.80( 1.71| 1.72| 1.72| 1.73| 1.71| 1.68| 1.76| 1.77 1.79| 1.80
PM,;,
PM,,, 3.90| 4.04| 4.20/ 4.00 3.75/ 3.57| 3.59| 3.58/ 3.60, 3.57| 3.50| 3.67| 3.69| 3.73| 3.74
TSP'
co 744 62.1) 485 42.6/ 38.1| 36.5| 345/ 345 350/ 34.4| 351 348 346 37.4| 36.7
AVGAS
NH, NE
NMVOC| 593| 592/ 599, 601 600 602 594 593 572/ 563 543 589 591 601, 585
NO, 147\ 147| 148| 149| 148 150 150 149| 135/ 130| 118 146| 148 149| 142
SO, 0.46/ 0.46/ 0.46/ 0.46/ 0.46] 0.46/ 0.46/ 0.46/ 0.46| 0.46| 0.46| 0.46| 0.46| 0.46| 0.46
BC? 0.41| 0.41] 0.42| 042 0.42 042 041 042 042 0.42( 043 042 042 0.42( 043
:mi:' 2.75| 2.75| 2.78| 2.77) 2.78 2.77| 276 2.77| 280 2.82| 2.85| 2794 278 278 284
TSP® 17.9| 179 17.9| 179 179 179 17.9| 179 18.0f 18.0f 18.0/ 18.0/ 18.0/ 17.9| 18.0
co 19,837(20,022/20,502|20,378/20,563|20,217|20,287|20,390|22,290/22,963|24,691/|20,738/20,533|20,374|21,247
" EF(TSP) also applied for PM,, and PM, ; (assumption: > 99% of TSP consists of PM, ;)
? estimated via a f-BC of 0.48 as provided in the EMEP/EEA Guidebook 2023 ¥, Chapter: 1.A.3.a, 1.A.5.b Aviation, Annex 3,
Table A3.2 and Conclusion.
* also including TSP formed from lead: EF(TSP) = 1.6 x EF(Pb) - see road transport

1
1

Trend discussion for Key Sources

1

For the country-specific emission factors applied for particulate matter, no clear indication is available,

whether or not condensables are included.

For information on the emission factors for heavy-metal and POP exhaust emissions, please refer to
Appendix 2.3 - Heavy Metal (HM) exhaust emissions from mobile sources and Appendix 2.4 - Persistent
Organic Pollutant (POP) exhaust emissions from mobile sources.

NFR 1.A.3.ai (ii) - International Civil Aviation - Cruise is not included in the national emission totals and
hence not included in the key category analysis.

Recalculations

As the percentual shares of kerosene and aviation gasoline consumed during L/TO as well as the corresponding
consumptions during cruise stage remain unrevised, changes in activity data occur only as a result of the biennial routine
revision of the National Energy Balances for all years as of 2003.

Table 5: Revised fuel consumption data 2003-2023, in terajoules

| 2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

JET KEROSENE

current

submission

240,882

291,217

306,393

306,085

332,321

368,575

379,883

375,395

173,974

232,895

348,273(361,863
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2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

previous 240,882(291,217|306,393|306,085|332,321/368,575/379,883|375,395(173,974(232,895|348,273|362,152
submission

absolute 0.000 0.00 000 000 000 000 000 000 000 000 000 -289
change

relative change | 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| -0.08%

AVGAS

current
b 104| 94.4| 765 77.2| 104| 116 13.1| 115 494 907 101| 272
previous 104/ 945/ 765/ 77.3] 104/ 11.7] 131 115 494 9.07 101 266
submission
absolute 006/ -006 -0.05 -005 -001 -001 -0.01 -001] 000 -0.01 -001 062
change

relative change | -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| -0.06%| 2.34%

Furthermore, all country-specific emission factors as well as values derived from defaults remain unaltered, too, with the
current submission.

for Base Year and 2023, please see the recalculation tables following chapter

0 For pollutant-specific information on recalculated emission estimates
9.1 - Recalculations.

Uncertainties

0 For information on uncertainties, please see the main chapter on civil aviation.

Planned improvements

@ For information on planned improvements, please see main chapter on civil
aviation.

-3 Allekotte et al. (2025): TREMOD Aviation (TREMOD AV) - Revision des Modells zur Berechnung des Flugverkehrs
(TREMOD-AV). Ifeu Institut fiir Energie- und Umweltforschung Heidelberg GmbH & Oko-Institut e.V., on behalf of the
Umweltbundesamt, Heidelberg & Berlin / Dessau-RoRlau, 2025.

2 Knérr, W., Schacht, A., & Gores, S. (2012): Entwicklung eines eigenstandigen Modells zur Berechnung des Flugverkehrs
(TREMOD-AV): Endbericht. Endbericht zum F+E-Vorhaben 360 16 029, URL:
https://www.umweltbundesamt.de/publikationen/entwicklung-eines-modells-zur-berechnung; on behalf of the
Umweltbundesamt, Heidelberg & Berlin / Dessau-RoRlau,2012.

* EMEP/EEA (2023): EMEP/EEA air pollutant emission inventory guidebook 2023, Chapter 1.A.3.a, 1.A.5.b Aviation, Annex 3,
Table A3.2 and
Conclusionhttps:www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/
1-energy/1-a-combustion/1-a-3-a-aviation-2023/@@download/file; Copenhagen, 2023)] [[EUROCONTROL2022> Eurocontrol
(2022): Advanced emission model (AEM),; https://www.eurocontrol.int/model/advanced-emission-model; 2022.


https://www.umweltbundesamt.de/publikationen/entwicklung-eines-modells-zur-berechnung
http://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/@@download/file
http://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/@@download/file
https://www.eurocontrol.int/model/advanced-emission-model
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1.A.3.a ii (ii) - Domestic Civil Aviation: Cruise

NFR-specific inventory

= data
Short description
Category Code Method AD EF
1.A.3.aii (ii) T1,T2, T3 NS, M CS,D,M
Method(s) applied
D Default
Tl Tier 1/ Simple Methodology *
T2 Tier 2*
T3 Tier 3 / Detailed Methodology *
C CORINAIR
CS Country Specific
M Model
* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.
(source for) Activity Data
NS National Statistics
RS Regional Statistics
IS International Statistics
PS Plant Specific
As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled
C Confidential
(source for) Emission Factors
D Default (EMEP Guidebook)
CS Country Specific
PS Plant Specific
M Model / Modelled
C Confidential
NO, NMVOC|SO, NH;|PM,; PM,, TSP|BC|CO(Pb|Cd /Hg|As|Cr|Cu|Ni|Se(Zn|PCDD/F|B(a)P|B(b)F|B(k)F|I(x)P/PAH1-4 HCB|PCBs
-/- -/- -\ ol | - | - - A - - | |- - NE -/ -/- - | - -/- NA | NA
L/-|key source by Level only
-/T|key source by Trend only
L/T|key source by both Level and Trend
-/- |no key source for this pollutant
IE |emission of specific pollutant Included Elsewhere (i.e. in another category)
NE [emission of specific pollutant Not Estimated (yet)
NA [specific pollutant not emitted from this source or activity = Not Applicable
* no analysis done

In NFR category 1.A.3.a ii (ii) - Domestic Civil Aviation: Cruise emissions from domestic flights between German airports

during cruise stage (above 3,000 feet of altitude) are reported.

In the following, information on sub-category specific activity data, (implied) emission factors and emission estimates are

provided.



https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/civil_aviation/iir-data_1.a.3.aii_ii_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/civil_aviation/iir-data_1.a.3.aii_ii_1990-2024_public.xlsx
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Methodology
Actitvity Data

Specific fuel consumption during cruise-stage is calculated within TREMOD AV as described in the superordinate chapter.

Table 1: annual jet kerosene & avgas consumption during cruise-stage, in terajoules

1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 [2020(2021/2022( 2023 | 2024
Kerosene|20,637(21,207|23,646|21,929|21,892|19,993/20,010/19,366/19,259|19,956(8,952(6,401|9,485|10,490/10,619
Avgas 1,833| 858| 843| 523| 427| 429 356 353| 337 275/ 182| 115 127, 83,3 112
source: Allekotte et al. (2025) ¥

Here, with international flights coming close to pre-panemic levels again, fuel consumption of domestic flights shows a

rather slow “recovery”, reaching only about 50% of its pre-pandemic level in 2022:
.51"" = -.,'5:\

All country specific emission factors used for emission reporting were basically ascertained within UBA project FKZ 360 16
029 ? and have since then been compiled, revised and maintained in TREMOD AV (Allekotte et al. (2025)) *.

Annual kerosene consumption during cruise stage of domestic flights

20,000
15.000
10,000
5.000
o
v
K.

gy S gh ] m -, 5 & o A
‘:_-t I g -;t 7 a8 \3? I e .bé"- ,&« F &g s

25.000

cansumptian in [TI]

o

¥

Emission factors

For more information, please see the superordinate chapter on civil aviation.

Table 2: Annual country-specific emission factors, in kg/TJ

| 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
JET KEROSENE

NH, 3.98/ 3.95| 3.95 3.97( 3.97, 3.97| 3.97 3.97( 3.97| 3.97( 3.97, 3.97| 3.97| 3.97| 3.97
NMVOC| 16.0f 17.6/ 18.6/ 20.1} 21.1f 23.7f 19.0f 19.7/ 20.5| 23.7| 36.3] 35.8/ 28.2| 21.2| 23.9
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1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

NO, 330 367, 340/ 334, 368/ 379 391 392 388 390 357 358 375 376 373
SO, 19.7 19.5| 19.5| 19.6/ 19.6/ 19.6) 19.6/ 19.6/ 19.6/ 19.6) 19.6| 19.6/ 19.6/ 19.6/ 19.6
BC’ 1.87| 2.15| 2.03] 2.21 2.01 201 1.93] 196/ 2.004 173 1.79| 1.86] 1.82| 2.08 2.18
PM, s

PM,,, 3.89| 4.49| 4.23| 4.60/ 4.19| 4.18/ 4.02| 4.08 4.16/ 3.61| 3.74| 3.88| 3.79| 4.33| 4.54
TSP!

co 150 152 194] 205 198 217/ 157| 155 158 170 272 310/ 237| 305 364
AVGAS

NH, NE

NMvocC| 594 593 594 593 592[ 594 592[ 591] 591] 589 588 587 582[ 595/ 590
NO, 150 149 149 150 149 150] 149 149 149] 147| 147 147| 146 150 148
so, 0.46| 046/ 0.46] 0.46 046 046 046] 046 046 0.46] 046 046 0.46] 046/ 0.46
BC 042 0.42| 042 042 042 042 042] 042 042 042 042 042 042 042 043
:m“' 2.77| 2.78| 2.78| 2.77| 2.78| 2.77) 2.77| 2.77| 2.78| 2.78| 2.78| 2.78| 2.78| 2.78| 2.86

10
TSP? 17.9] 179 179 179 179 179 179 179 179 179/ 179 179 179/ 179 180

co 20,142|20,216(20,229|20,160(20,305|20,208(20,265|20,286(20,319|20,478(20,495|20,526|20,701|20,217(20,433

' EF(TSP) also applied for PM,, and PM, , (assumption: > 99% of TSP consists of PM,)

? estimated via a f-BC of 0.48 as provided in the EMEP/EEA Guidebook 2023 ¥, Chapter: 1.A.3.a, 1.A.5.b Aviation, Annex 3,
Table A3.2 and Conclusion.

* also including TSP formed from lead: EF(TSP) = 1.6 x EF(Pb) - see road transport

Appendix 2.3 - Heavy Metal (HM) exhaust emissions from mobile sources and Appendix 2.4 - Persistent

0 For information on the emission factors for heavy-metal and POP exhaust emissions, please refer to
Organic Pollutant (POP) exhaust emissions from mobile sources.

Trend discussion for Key Sources

NFR 1.A.3.aii (ii) - Domestic Civil Aviation - Cruise is not included in the national emission totals and
hence not included in the key category analysis.

Recalculations

As the percentual shares of kerosene and aviation gasoline consumed during L/TO as well as the corresponding
consumptions during cruise stage remain unrevised, changes in activity data occur only as a result of the biennial routine
revision of the National Energy Balances for all years as of 2003, and only for aviation gasoline.

Table 5: Revised fuel consumption data 2003-2023, in terajoules

| 2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

JET KEROSENE
current submission |21,857|21,929/21,892(19,993|20,010|19,366|19,259/19,956| 8,952| 6,401| 9,485/10,490
previous submission|21,857(21,929|21,892|19,993|20,010/19,366(19,259(19,956| 8,952| 6,401| 9,485|10,490

absolute change 0.00, 0.00/ 0.00f 0.00{ 0.00; 0.00; 0.00, 0.00f 0.00f{ 0.00] 0.00/ 0.00
relative change 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%
AVGAS

current submission 577 523 427 429 356 353 337 275 182 115 127, 83.3
previous submission| 577 523| 427 429, 356 353 337 275 182 115 127| 81.4
absolute change -0.36/ -0.32 -0.26| -0.27| -0.22| -0.22| -0.21| -0.17| -0.11| -0.07| -0.08| 1.91
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2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
relative change -0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%|-0.06%| 2.34%

Furthermore, all country-specific emission factors as well as values derived from defaults remain unaltered, too, with the
current submission.

for Base Year and 2023, please see the recalculation tables following chapter

@ For pollutant-specific information on recalculated emission estimates
9.1 - Recalculations.

Uncertainties
For information on uncertainties, please see the main
chapter on civil aviation.

Planned improvements

For information on planned improvements, please see
main chapter on civil aviation.

D3 Allekotte et al. (2025): TREMOD Aviation (TREMOD AV) - Revision des Modells zur Berechnung des Flugverkehrs
(TREMOD-AV). Ifeu Institut fiir Energie- und Umweltforschung Heidelberg GmbH & Oko-Institut e.V., on behalf of the
Umweltbundesamt, Heidelberg & Berlin / Dessau-RoRlau, 2025.

2 Knérr, W., Schacht, A., & Gores, S. (2012): Entwicklung eines eigenstandigen Modells zur Berechnung des Flugverkehrs
(TREMOD-AV): Endbericht. Endbericht zum F+E-Vorhaben 360 16 029, URL:
https://www.umweltbundesamt.de/publikationen/entwicklung-eines-modells-zur-berechnung; on behalf of the
Umweltbundesamt, Heidelberg & Berlin / Dessau-RoRlau,2012.

* EMEP/EEA (2023): EMEP/EEA air pollutant emission inventory guidebook 2023, Chapter 1.A.3.a, 1.A.5.b Aviation,
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/
1-a-combustion/1-a-3-a-aviation-2023/@@download/file; Copenhagen, 2023


https://www.umweltbundesamt.de/publikationen/entwicklung-eines-modells-zur-berechnung
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/@@download/file
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-a-aviation-2023/@@download/file
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1.A.3.b - Transport: Road Transport

Short description

In category 1.A.3.b - Road Transport emissions from fuel combustion activities as well as abrasive and fugitive emissions are
reported within the following categories:

NFR-Code Name of Category
Emissions from Fuel Combustion in Road Vehicles
1A3bi Passenger Cars - PCs
1.A3.bii Light Duty Vehicles - LDVs
1.A.3.biii Heavy Duty Vehicles - HDVs
1.A3biv Mopeds & Motorcycles - MPDs & MCs

Fugitive Emissions from Road Vehicles
1.A3bv |Gaso|ine Evaporation

Emissions from Tyre and Brake Wear & Road Abrasion
1.A3.bvi Automobile Tyre and Brake Wear
1.A.3.b vii Automobile Road Abrasion

Emissions from motorised road traffic in Germany are reported under this category. It includes traffic on public roads within
Germany, except for agricultural and forestry transports and military transports. Calculations are made for the vehicle
categories of passenger cars, motorcycles, light duty vehicles, heavy duty vehicles and buses. For calculation purposes, the
vehicle categories are broken down into so-called vehicle layers with the same emissions behaviour. To this end, vehicle
categories are also broken down by type of fuel used, vehicle size (trucks and buses by weight class; automobiles and
motorcycles by engine displacement) and pollution control equipment used, as defined by EU directives for emissions control
(“EURO norms”), and by regional traffic distribution (outside of cities, in cities and autobahn).

Since 1990, emissions of NO,, CO, NMVOC and SO, from road transports have decreased sharply, due to catalytic-converter
use and engine improvements resulting from continual tightening of emissions laws, and due to improved fuel quality.

For buses and heavy duty vehicles (over 3.5 t total permissible vehicle weight), maximum permissible levels of hydrocarbon
(HC, incl. NMVOC) emissions were lowered especially sharply (-40%) via the introduction of the EURO3 standard in 2000.
Since EURO3 vehicles were very quick to reach the market as of 2000, the emission factor for hydrocarbon emissions from
diesel fuel - and the relevant emissions themselves - decreased considerably after 2000.

Methodology

Emissions are calculated with the aid of the TREMOD, the “Transport Emission Estimation Model” maintained by Knérr et al.
1)

This model adopts a “bottom-up” (tier3) approach whereby mileage of the individual vehicle layers is multiplied by region-
specific emission factors. For passenger cars and light duty vehicles, a “cold start surplus” is also added. The total
consumption calculated on the basis of fuel type is compared with the consumption according to the Energy Balance. The
emissions are then corrected with the aid of factors obtained from this comparison process. For petrol-powered vehicles, the
evaporation emissions of VOC are calculated in keeping with the pollution-control technology used. From the emissions and
fuel consumption for the various vehicle layers, aggregated, fuelbased emission factors (kg of emissions per TJ of fuel
consumption) are derived, and then the emission factors are forwarded to the CSE via a relevant interface. In keeping with
the CORINAIR report structure, these factors are differentiated only by type of fuel, type of road (autobahn, rural road, city
road) and, within the vehicle categories, by “without/with emissions-control equipment”. The following emissions-control
categories are differentiated:

For calculation with TREMOD, extensive basic data from generally accessible statistics and special surveys were used, co-
ordinated, and supplemented. An overview of the principal sources and key assumptions is given below. Detailed
descriptions of the databases, including information on the sources used, and the calculation methods used in TREMOD, are
provided in the aforementioned IFEU report.
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Activity Data

The basis for CSE data collection for the road-transport sector consists of fuel consumption data provided by the Working
Group on Energy Balances (AGEB) 2. For each year, the sum of the activity rates for the various individual structural
elements must correspond to the Energy Balance data, in terajoule. The relevant basic Energy Balance data is shown in the

table below.

Table 1: Energy input in German road transport, in terajoules

Diesel oil| Gasoline | LPG Nztausrlal Petroleum’|Biodiesel |Biogasoline Biomethane |Lubricants®’| TOTAL
1990| 735,920 |1,330,479| 138 2,543 2,069,080
1991| 785,174 |1,332,285| 137 1,702 2,119,298
1992 853,502 (1,344,129| 229 1,299 2,199,159
1993| 907,787 |1,350,617| 184 473 872 2,259,933
1994 | 932,060 (1,276,637| 184 559 596 2,210,036
1995| 964,013 (1,299,982| 138 610 1,504 455 2,266,702
1996| 964,580 |1,299,879| 115 638 2,046 372 2,267,630
1997| 979,586 (1,297,487| 106 357 3,652 266 2,281,454
1998|1,022,794|1,300,463| 106 637 4,081 206 2,328,287
19991,097,036|1,300,602| 100 637 5,370 116 2,403,861
2000|1,108,105|1,237,055| 94,0 414 12,276 82,7 2,358,027
2001|1,097,416/1,199,318| 98,0 471 16,740 74,5 2,314,117
2002|1,105,842|1,166,381| 607 472 20,460 77,3 2,293,839
2003|1,069,729|1,107,428| 697 | 2,488 29,948 72,8 2,210,363
2004|1,102,318|1,073,174| 1,892 | 2,774 38,886 1,143 72,4 2,220,259
2005|1,081,211|1,002,361| 2,369 | 3,127 72,055 6,809 79,3 2,168,012
2006|1,125,137| 967,016 | 6,399 | 4,446 130,539 13,405 79,6 2,247,022
2007|1,065,886| 891,408 |10,519| 4,089 143,658 12,041 79,7 2,127,680
2008|1,090,704| 852,680 |17,732| 4,884 109,785 16,301 14,0 83,6 2,092,184
2009|1,113,086| 827,600 (23,777| 5,302 90,015 23,689 47,0 88,7 2,083,604
2010|1,155,828| 790,544 |22,987| 5,491 89,471 30,548 270 82,5 2,095,222
2011|1,182,061| 787,483 |23,337| 5,579 83,302 32,268 333 80,1 2,114,443
2012|1,211,695| 739,581 (20,860| 5,784 86,067 32,746 1,200 75,4 2,098,008
2013|1,267,041| 738,174 |22,682| 5,874 75,817 31,613 1,737 77,7 2,143,016
2014|1,287,335| 741,983 (20,247| 5,673 79,339 32,235 1,617 74,2 2,168,503
2015|1,342,885| 731,258 |18,709| 5,837 73,652 30,770 1,242 80,4 2,204,434
2016|1,380,618| 732,014 |17,767| 5,369 73,826 30,834 1,363 82,6 2,241,872
2017|1,427,136| 735,005 |15,775| 5,161 76,193 30,344 1,603 79,5 2,291,297
2018|1,385,288| 713,836 (16,966| 5,068 79,978 31,134 1,399 78,5 2,233,748
2019|1,391,411| 720,708 |14,747| 4,840 79,049 30,156 2,378 79,6 2,243,369
2020|1,244,496| 649,012 (10,205| 4,727 103,010 28,734 3,181 82,6 2,043,447
2021|1,255,404| 653,665 | 9,520 | 8,047 87,149 30,160 3,474 73,0 2,047,493
2022|1,252,038| 674,363 | 9,054 | 7,858 86,632 31,169 4,796 78,1 2,065,989
2023|1,189,167| 690,409 | 7,921 | 6,943 88,469 32,793 7,035 68,9 2,022,807
2024|1,175,978| 703,886 | 7,661 | 2,429 71,995 32,931 12,775 68,8 2,007,725
' including both CNG (Compressed Natural Gas) and LNG (Liquefied Natural Gas)
%: applied only from 1993 to 2002 in a small number of buses (se chapter on NFR 1.A.3.b iii)
*: amounts of lubricants unintentionally co-incinerated in road vehicles (lubricants intentionally co-incinerated in 2-stroke
road vehicles are taken into account in NFR 2.D.3.i Mobile Use of Lubricants

The following chart illustrates the trend to diesel vehicles operated in Germany, the so-called “Dieselization” with the
amounts of fossil diesel oil exceeing those of fossil gasoline fuels from 2004 onwards.
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For more information on the derivation of activity data and the emission factors applied, please refer to the sub-ordinate
chapters as well as Appendix 2.2.

Chart 2 illustrates the increase in annual mileage of electric road vehicles in 10° kilometers. Despite the exponential growth,
only about 1.8 per cent of annual mileage was “electric” in 2022 (13 Mio km of 682 Mio km).
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Table 2: Electric energy input as of 2012, in terajoules

2012(2013|2014/2015/2016(2017|2018/ 2019 | 2020 | 2021 | 2022 | 2023 | 2024
Passenger Cars 36.0f 60.7| 103| 164| 244| 399| 650|1,109| 2,097 4,943| 9,369| 14,806/ 19,250
Light-Duty Vehicles 17.3| 25.1| 34.1| 44.4| 61.2| 101| 163| 235| 285 450 692 1,023| 1,351
Heavy-Duty Vehicles | 83.5| 81.7 93.3| 103| 113| 128| 160, 243| 367 621 914| 1,389 2,230
Mopeds & Motorcycles| 2.84| 3.98| 4.80| 5.55 6.35| 7.16| 7.86| 8.80| 10.0/ 10.5| 20.5| 27.9) 30.7
140| 171 236| 316/ 425 635 981|1,596|2,759(6,024(10,995(17,246(22,862

Uncertainties

Uncertainty estimates for activity data of mobile sources derive from research project FKZ 360 16 023: “Ermittlung der
Unsicherheiten der mit den Modellen TREMOD und TREMOD-MM berechneten Luftschadstoffemissionen des landgebundenen
Verkehrs in Deutschland” by (Knérr et al. (2009)) 3

Uncertainty estimates for emission factors for all 1.A.3.b sub-categories were compiled during the PAREST research
project. Here, the final report has not yet been published.

Recalculations

Basically, recalculations result from a) the revision of the National Energy
. Balance (for most recent years) and b) routine revisions of the underlying
@ TREMOD model (recent years or entire time series, depending on outline of
revision).

For more details please refer to the related sub-chapters as linked above.

Planned improvements

Besides the routine revision of the TREMOD model, no specific improvements are planned.

' AGEB (2025): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz fiir
die Bundesrepublik Deutschland; https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xlIsx, (Aufruf: 04.12.2025), K6In
& Berlin, September 2025

¥ Knérr et al. (2009): Knérr, W., Heldstab, J., & Kasser, F.: Ermittlung der Unsicherheiten der mit den Modellen TREMOD und
TREMOD-MM berechneten Luftschadstoffemissionen des landgebundenen Verkehrs in Deutschland; final report;
https://www.umweltbundesamt.de/sites/default/files/medien/461/publikationen/3937.pdf, FKZ 360 16 023, Heidelberg &
Zirich, on behalf of the Umweltbundesamt, Dessau-RoRBlau, 2009.


https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xlsx
https://www.umweltbundesamt.de/sites/default/files/medien/461/publikationen/3937.pdf
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1.A.3.b i-iv - Emissions from fuel combustion in Road
Vehicles (OVERVIEW)

Short description

This overview chapter provides information on the emissions from fuel combustion activities in road transport sub-categories
1.A.3.b i, ii, iii, and iv.

NFR-Code| Name of Category
1.A3.bi |Passenger Cars
1.A.3.bii |Light Duty Vehicles
1.A.3.biii |Heavy Duty Vehicles
1.A.3.biv |[Mopeds & Motorcycles

Methodology

Activity data

Basically, total inland fuel deliveries are available from the National Energy Balances (NEBs) (AGEB, 2025) Y line 62:
StralBenverkehr (Road Transport).

Based upon these primary activity data, specific consumption data for the different types of road vehicles are generated
within TREMOD 2.

For further details see main chapter 1.A.3.b - Road Transport as wells as
the sub-category chapters linked above.

Emission factors

The majority of emissions factors for exhaust emissions from road transport are taken from the 'Handbook Emission Factors
for Road Transport' (HBEFA, version 4.2) ¥ where they are provided on a tier3 level mostly and processed within the TREMOD
software used by the party .

With respect to the emission factors applied for particulate matter, given the circumstances during test-bench
measurements, condensables are most likely included at least partly. ?

As it is not possible to present these tier3 values in a comprehendible way, the NFR sub-chapters linked above provide sets
of fuel-specific implied emission factors instead.

For heavy-metal (other then lead from leaded gasoline) and PAH exhaust-emissions, default emission factors from
(EMEP/EEA, 2023) ¥ have been applied. Regarding PCDD/F, tierl EF from (Rentz et al., 2008) ® are used instead.

Appendix 2.3 - Heavy Metal (HM) exhaust emissions from mobile sources and Appendix 2.4 - Persistent

i’ i For information on the emission factors for heavy-metal and POP exhaust emissions, please refer to
Organic Pollutant (POP) exhaust emissions from mobile sources.
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Trends of exhaust emissions from road transport vehicles

For ammonia emissions, the increasing use of catalytic converters in gasoline driven cars in the 1990s lead to a steep
increase whereas both the technical development of the converters and the ongoing shift from gasoline to diesel cars
resulted in decreasing emissions in the following years.

The observed trends for NO,, NMVOC and CO emissions represent the changes in legislatory emission limits and the
regarding implementation of mitigation technologies. The following table provides an overview of the implemetation of Euro
norms in Germany.

Table 1: Overview of Euro norms and their implementation in Germany

Type Approval for new vehicle types | Type Approval for new vehicles |Testing Cycle
PASSENGER CARS & LIGHT-DUTY VEHICLES”
Euro Norm 1 since 01. Juli 1992 since 01. Januar 1993 NEFZ
Euro 2 since 01. Januar 1996 since 01. Januar 1997 NEFZ
Euro 3 since 01. Januar 2000 since 01. Januar 2001 NEFZ
Euro 4 since 01. Januar 2005 since 01. Januar 2006 NEFZ
Euro 5a° since 01. September 2009 since 01. Januar 2011 NEFZ
Euro 5b* since 01. September 2011 since 01. Januar 2013 NEFZ
Euro 6b” since 01. September 2014 since 01. September 2015 NEFZ
Euro 6¢ since 01. September 2017 since 01. September 2018 WLTC
Euro 6d-Temp since 01. September 2017 since 01. September 2019 WLTC
Euro 6d Freiwillige Einstufung Freiwillige Einstufung WLTC
Euro 6d-ISC-FCM| since 01.01.2020 (36AP) / 10.01.2021 (36AQ-AR)|  A° 01012021 BOARNICLOLIOZH vy 7c
Ero 7*° as of 29.11.2026 as of 29.11.2027 WLTC
* only for gasoline
BUSES & TRUCKS"'
Euro | 01.Jan 92 ESC R-49
Euro Il 01. Okt 96 ESC R-49
Euro 1l 01. Okt 00 ESC&ELR, ETC
Euro IV 01. Okt 05 ESC&ELR, ETC
Euro V 01. Okt 08 ESC&ELR, ETC
Euro VI*? 01. Okt 13 WHTC, WHSC
Euro VII*® as of 29.05.2028 as of 29.05.2029
MOTORCYCLES"
Euro 1 since 17. Juni 1999 ECE R47
Euro 2 since 17. Juni 2002 ECE R47
Euro 4™ since 01. Januar 2017 since 01. Januar 2018  ECE R47
Euro 5*° since 01. Januar 2020 since 01. Januar 2021 WMTC
MOPEDS
Euro 1 since 17. Juni 1999 ECE R47
Euro 2 since 17. Juni 2002 ECE R47
Euro 4" 2016 2017

Trends for sulphur dioxide show charcteristics very different from those shown above. Here, the strong dependence on
increasing fuel qualities leads to an cascaded downward trend of SO, emissions, influenced only slightly by increases in
fuel consumption and mileage.

The following table provides the development of sulphur contents over the years for Old (OGL) and New German Lander
(NGL) and Germany (GER).

Table 2: Development of fuel sulphur contents in Germany
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Area covered Year(s) covered|Gasoline|Diesel oil
until 1988 500 ppm|6,000 ppm
EAST GERMANY (DDR) 1989-1990 500 ppm|6,000 ppm
until 1984 2,700 ppm
1985 2,500 ppm
1986
WEST GERMANY (BRD) 1987 250 ppmj2,100 ppm
1988
1989 1,700 ppm
1990 220 ppm
1991
1992
1993 220 PPM; 350 ppm
1994
1995
GERMANY 1996 180 ppm| 600 ppm
1997 400 ppm
1998-2000 70 ppm| 300 ppm
2001 55 ppm| 250 ppm
2002 25 ppm| 40 ppm
since 2003 8 ppm 8 ppm

For exhaust particulate matter emissions from diesel road vehicles, the party assumes that nearly all particles emitted
are within the PM, ; range, resulting in similar emission values for PM, ;, PM,,, and TSP. Excumptions can be observed for
gasoline road vehicles for the years until 1997 when additional TSP emissions resulted from the use of leaded
gasoline that was banned in 1997.

Furthermore, black carbon emissions are estimated via implied emission factors derived from fractions of PM as provided in
18)

For Heavy Metals tierl default EF from the EMEP/EEA Guidebook 2023 ** are applied resulting in trends that simply reflect
the annual fuel consumption. Here, the only excumption are lead emissions from leaded gasoline that was in use until
1996 with lead contents provided in the table below:

Table 3: Development of gasoline's lead content in Germany

Area covered Year(s) covered| Lead content |[EF applied
EAST GERMANY (GDR) 1989-1990 126 mg/I in [g/TJ]
WEST GERMANY (BRD) 1990 42 mg/l 1,203

1991 29 mg/I 976
1992 20 mg/I 778
1993 16 mg/l 691
1994 11 mg/l 521
GERMANY 1995 8 mg/l 440
1996 4 mg/l 278
since 1997 0 mg/l (banned) 4.00
as of 1998 0.0367*
* “natural” lead content (+ engine wear); no additives

Here, for the years as of 1998, the tierl default EFs for exhaust lead emissions from gasoline as provided in the EMEP/EEA
Guidebook 2023 *” are used.

For exhaust emissions of Benzo[a]Pyrene, Benzo[b]Fluoranthene, Benzo[k]Fluoranthene, and Indenol[1,2,3-
c,d]Pyrene the tier2 emission factors as provided in the 2023 EMEP/EEA Guidebook, Chapter 1.A.3.b i-iv(Update 2025),
Tables 3-18 to 3-26 have been implemented with the current submission, upgrading the estimation to a tier2 approach.

Table 4: tier2 emission factors for exhaust PAH emissions from road vehicles, in [g/km]
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VEHICLE EURO
NFR TYPE FUEL ctandard B[a]P B[b]F BLKIF I[123cd]P | PAH 1-4
diesel fuels  |as of pre-EUR0|0.000001740/0.000001950(0.000001530|0.000001620|0.000006840
soline fuels |PrEEURO 0.000000480/0.000000880(0.000000300/0.000001030/0.000002690
1.A3.b b 9 as of EUROL  |0.000000320/0.000000360(0.000000260/0.000000390/0.000001330
i LPG as of pre-EURO [0.000000010(0.000000000/0.000000010|0.000000010/0.000000030
natural gas,
bomethane  |3s of EURO4 |0.000000320/0.000000360(0.000000260|0.000000390|0.000001330
diesel fuels  |PreEURO 0.000002850/0.000003300(0.000002870|0.000002540/0.000011560
as of EURO1  |0.000000630/0.000000600(0.000000190/0.000000700/0.000002120
1.A3.b LDV —soline fuels |PrEEURO 0.000000480/0.000000880(0.000000300/0.000001030/0.000002690
i 9 as of EUROL  |0.000000320/0.000000360/0.000000260/0.000000390/0.000001330
natural gas, | o ¢ rURO4  (0.000000320]0.000000360|0.000000260/0.000000390(0.000001330
biomethane
La3p | Hpysg |dieselfuels as of pre-EURO|0.000000900|0.000005450/0.000006090/0.000001400/0.000013840
ii buses g?;r‘;gt'h%fe as of EUROV  [0.000000050/0.000000080|0.0000000400.000000030(0.000000200
.| Moeds pre-EURO 0.000000096/0.000000176(0.000000060|0.000000206/0.000000538
ilv'A'3' P gasoline fuels |as of EURO1  |0.000000064/0.000000072|0.0000000520.000000078|0.000000266
Motorcycles as of pre-EURO [0.000000320(0.000000360/0.000000260|0.000000390/0.000001330

(MS Excel

additional info:
derivation of tier2 EF

file)

Due to this improvement, the reported emissions especially for B[a]P and, hence, the sum for PAH 1-4 increased rather

strongly, by about %and % respectively, whereas the amounts of B[b]F, B[k]F, and I[x]P increased only slightly.

Regarding PCDD/F, a tierl EF from (Rentz et al., 2008) *"' is used instead.

o

Recalculations

o

For more details on the default EF from the EMEP/EEA Guidebook please
refer to the appendices 2.3 and 2.4 to this report.

Recalculations of exhaust-emissions are mainly based on (i) the finalisation of the most recent National
Energy Balance as well as (ii) the routine revision the underlying TREMOD model.

of 2003.

For more information, please see the specific chapters linked above.

However, for the current submission, recalculations have been carried out also due to the biennial in-depth
review of the Nationl Energy Balances for all years as of 2023, resulting in revised activity data for the last 21
years of the time series and affecting all fuel-combustion related emission estimates as reported as

Table 5: Revised domestic fossil fuel deliveries as provided in line 62 (road transportation) of the National Energy Balances

2003-2023, in terajoules [T]]

[ 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Diesel oil
;:;’nﬁ'i‘stsion 735,920| 964,013(1,108,105(1,081,211(1,155,828|1,342,885(1,380,618|1,427,136|1,385,288|1,391,411|1,244,496|1,255,404|1,252,038| 1,189,167
g:f,‘r":‘i’:s"'ion 735,920| 964,013(1,108,105(1,032,053|1,142,946(1,324,400|1,360,4561,395,407|1,420,095(1,393,821/1,261,942|1,241,273|1,248,164|1,195,950
absolute 0.00 0.00 0.00| 49,157| 12,883| 18,485 20,162| 31,729 -34,808 -2,409| -17,446| 14,131| 3,874| -6,783
change ' ' ' ' ' ' ' ' = e s ' ' e
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1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
:f"::g’: 0.00%| 0.00%| 0.00%| 4.76%| 1.13%| 1.40%| 1.48%| 2.27%| -2.45%| -0.17%| -1.38%| 1.14%| 0.31% -0.57%
Biodiesel

current 1,504 12,276| 72,055| 89,471| 73,652| 73,826 76,193 79,978/ 79,049 103,010/ 87,149 86,632 88,469
submission

previous 1,504| 12,276/ 71,956| 89,399 73,570/ 73,739 76,061 80,127| 79,063 103,219| 87,043| 86,588 88,638
submission

absolute

change 0.00 0.00 99.9 71.5 82.4 87.2 133 149 -13.29 -209 106 44.3 -169
:f"::';’: 0.00%| 0.00% 0.14% 0.08%| 0.11% 0.12% 0.17%| -0.19%| -0.02%| -0.20%| 0.12%| 0.05%| -0.19%
Gasoline

:ﬂ;’:‘?:sion 1,330,479|1,299,982|1,237,055/1,002,361| 790,544 731,258 732,014| 735,005 713,836 720,708| 649,012| 653,665 674,363 690,409
gl:f"r""‘i’::ion 1,330,479|1,299,982(1,237,055 982,008| 781,262 759,221| 752,476 740,633 716,959 729,626/ 638,820| 637,768 670,246 691,899
:E:z:;“:e 0.00 0.00 0.00 20,353 9,282| -27,963| -20,462| -5.628 -3,123| -8,918/ 10,192| 15,897| 4,117| -1,490
Zﬁ'::a’: 0.00%| 0.00%| 0.00%| 2.07%| 1.19%| -3.68%| -2.72%| -0.76%| -0.44%| -1.22%| 1.60%| 2.49%| 0.61% -0.22%
Biogasoline

current

cubmission 6,809| 30,548 30,770 30,834 30,344| 31,134| 30,156| 28,734| 30,160| 31,169 32,793
previous 6,807 30,350 30,646/ 30,717| 30,240/ 31,029 30,063 28,640| 30,050/ 31,064| 32,683
submission

absolute 247 199 124 116 104 105| 925 936 110 106 110
change

:f"::g’: 0.04%| 0.66% 0.40%| 0.38%| 0.34%| 0.34%| 0.31% 0.33% 037% 0.34%| 0.34%
LPG

current 138 138 94,0  2,369| 22,987| 18,709 17,767| 15,775| 16,966/ 14,747| 10,205 9,520 9,054 7,921
submission

previous

D bmiesion 138 138 94,0 2,369| 22,982| 18,709 17,767| 15,775| 16,922| 14,692| 10,213| 10,138 11,761| 7,927
absolute

change 0.00 0.00 0.00 0.00 4.51 0.00 0.00 0.00 43.4 551  -7.53 618 -2,706]  -5.86
:fl'::g’: 0.00%| 0.00% 0.00% 0.00%| 0.02%| 0.00%| 0.00% 0.00% 0.26% 0.37%| -0.07%| -6.10%| -23.0% -0.07%
NATURAL GAS (CNG & LNG)

current

cubmission 3,127 5491 5837 5369 5161] 5068 4,840 4,727 8,047 7,858 6,943
previous

D braission 3,127| 8498 4595 4,006 2,632| 3163 2377 2881 7,144/ 7,749 6,886
absolute

ehange 000 -3,007] 1,242 1,363 2529| 1,905| 2463 1,846 903 108 57.4
2?\:‘:3’: 0.00%| -35.4%| 27.0%| 34.0%| 96.1%| 60.2%|  104%| 64.1%| 12.6%| 1.40%| 0.83%
Biomethane

current 270/ 1,242| 1,363 1,603| 1,399 2,378 3,181 3474 4,796 7,035
submission

previous 270/  1,242| 1,363 1,603] 1,399 2,378 3,181 3474/ 3,821 5,218
submission

absolute 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 975| 1,817
change

:‘;'::;’: 0.00%| 0.00% 0.00% 0.00% 0.0%| 0.00% 0.00%| 0.00% 25.5% 34.8%
TOTAL 1.A.3.b i-iv

::’b’:‘?:sion 2,069,080(2,266,702(2,358,027/2,168,012/2,095,222(2,204,750|2,242,297|2,291,932(2,234,730|2,244,965|2,046,207|2,053,521|2,076,990(2,040,059
;’:ﬁ‘r’:“i’:;on 2,069,080(2,266,702(2,358,027/2,098,398(2,075,788/2,212,776|2,241,025(2,263,061(2,270,7512,253,689|2,051,750|2,022,985(2,070,471(2,046,386
:ﬁ:z:‘:e 0,00 0,00 0,000 69,614/ 19,434| -8026| 1,272| 28,871 -36,022| -8,724/ -5543| 30536| 6,519 -6,326
:‘;'::;’: 0.00%| 0.00% 0.00%| 3.32%| 0.94%| -0.36%| 0.06% 1.28%| -1.59%| -0.39%| -0.27%| 1.51%| 0.31% -0.31%

Furthermore, affecting the entire time series as of 1990, the default emission factors applied for exhaust heavy metal
and POP emissions have been checked and updated to the most recent information available from the
EMEP/EEA Guidebook 2003:

¢ Regarding exhaust heavy metals (taking into account the heavy metal contents of the fuel used as well as engine
wear), ....

¢ Regarding PAHSs, tier2 emission factors from chapter 1.A.3.b (Update 2024), tables 3-18 to 3-26 of the 2023

EMEP/EEA Guidebook have been implemented with the current submission, upgrading the estimation from a tierl- to
a tier2-approach. Due to this improvement, the reported emissions especially for Benzo[a]Pyrene and, hence, the
sum for PAH 1-4 increased rather strongly, by about %and % respectively, whereas the amounts of B[b]F, B[k]F, and
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I[123cd]P increased only slightly. (for details see pollutant-specific recalculation tables provided in chapter 10.1 of
this report).

Y AGEB (2025): Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen (Hrsg.), AGEB): Energiebilanz fiir
die Bundesrepublik Deutschland; https://ag-energiebilanzen.de/wp-content/uploads/EBD23e.xIsx, (Aufruf: 04.12.2025), KdIn
& Berlin, September 2025

2.9 knorr et al. (2025a): Kndrr, W., Heidt, C., Gores, S., & Bergk, F.: Fortschreibung des Daten- und Rechenmodells:
Energieverbrauch und Schadstoffemissionen des motorisierten Verkehrs in Deutschland 1960-2035, sowie TREMOD, Ifeu
Institut fir Energie- und Umweltforschung Heidelberg GmbH, on behalf of the Umweltbundesamt, Heidelberg & Berlin /
Dessau-RoRlau, 2025.

¥ Notter et al. (2022): Notter, B., Cox, B., Hausberger, S., Matzer, S., Weller, K., Dippold, M., Politschnig, N., Lipp, S. (IVT TU
Graz), Allekotte, M., Knérr, W. (ifeu), André, M. (IFSTTAR), Gagnepain, L. (ADEME), Hult, C., Jerksj6, M. (IVL): Handbook
Emission Factors for Road Transport, version 4.2 (Handbuch Emissionsfaktoren des StraRenverkehrs 4.2) URL:
https://assets-global.website-files.com/6207922a2acc01004530a67e/6217584903e9f9b63093c8c0_HBEFA42 Update Docum
entation.pdf - Dokumentation, Bern, 2022.

3).18).19).20) EMEP/EEA (2023): EMEP/EEA air pollutant emission inventory guidebook 2019;
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023; Copenhagen, 2023.

©-21 pentz et al. (2008): Nationaler Durchfiihrungsplan unter dem Stockholmer Abkommen zu persistenten organischen
Schadstoffen (POPs), im Auftrag des Umweltbundesamtes, FKZ 205 67 444, UBA Texte | 01/2008, January 2008 - URL:
http://www.umweltbundesamt.de/en/publikationen/nationaler-durchfuehrungsplan-unter-stockholmer

? UBA (2016): Themen > Verkehr > Emissionsstandards > Pkw und leichte Nutzfahrzeuge:
https://www.umweltbundesamt.de/sites/default/files/medien/376/bilder/dateien/tabelle_grenzwerte_fuer_schadstoffemissione
n_von_pkw.pdf; Umweltbundesamt, Dessau-RoRlau, 2016

89 EY (2007): REGULATION (EC) No 715/2007 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 20 June 2007 on
type approval of motor vehicles with respect to emissions from light passenger and commercial vehicles (Euro 5 and Euro 6)
and on access to vehicle repair and maintenance information - https://data.europa.eu/eli/reg/2007/715/0j

10130 EY (2024): Regulation (EU) 2024/1257 of the European Parliament and of the Council of 24 April 2024 on type-approval
of motor vehicles and engines and of systems, components and separate technical units intended for such vehicles, with
respect to their emissions and battery durability (Euro 7), amending Regulation (EU) 2018/858 of the European Parliament
and of the Council and repealing Regulations (EC) No 715/2007 and (EC) No 595/2009 of the European Parliament and of the
Council, Commission Regulation (EU) No 582/2011, Commission Regulation (EU) 2017/1151, Commission Regulation (EU)
2017/2400 and Commission Implementing Regulation (EU) 2022/1362; http://data.europa.eu/eli/reg/2024/1257/0j

) UBA (2024): Themen > Verkehr > Emissionsstandards > Schwere Nutzfahrzeuge:
https://www.umweltbundesamt.de/sites/default/files/medien/366/bilder/dateien/2024 tabelle_grenzwerte_snf busse.pdf;
Umweltbundesamt, Dessau-RoRlau, 2024

2 EU (2009): REGULATION (EC) No 595/2009 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 18 June 2009 on
type-approval of motor vehicles and engines with respect to emissions from heavy duty vehicles (Euro VI) and on access to
vehicle repair and maintenance information and amending Regulation (EC) No 715/2007 and Directive 2007/46/EC and
repealing Directives 80/1269/EEC, 2005/55/EC and 2005/78/EC - https://data.europa.eu/eli/reg/2009/595/0j

' UBA (2015): Themen > Verkehr > Emissionsstandards > Motorisierte Zweirdder:
https://www.umweltbundesamt.de/sites/default/files/medien/376/bilder/grenzwerte_fuer_schadstoffemissionen_motorisierter
_zweiraeder_1.png; Umweltbundesamt, Dessau-RoRBlau, 2015

1918170 £ (2013): Regulation (EU) No 168/2013 of the European Parliament and of the Council of 15 January 2013 on the
approval and market surveillance of two- or three-wheel vehicles and quadricycles - Consolidated text;
http://data.europa.eu/eli/reg/2013/168/2024-11-27

2)

During test-bench measurements, temperatures are likely to be significantly higher than under real-world conditions, thus
reducing condensation. On the contrary, smaller dillution (higher number of primary particles acting as condensation germs)
together with higher pressures increase the likeliness of condensation. So over-all condensables are very likely to occur but
different to real-world conditions.
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1.A.3.b i - Road transport: Passenger cars

. specific inventory data
for NFR 1.A.3.bi -
Passenger Cars

 —

Short description

In sub-category 1.A.3.b i - Road transport: Passenger cars emissions from fuel combustion in passenger cars (PCs) are
reported.

Category Code Method AD EF
1A3.bi T1, T3 NS, M CS, M, D
Method(s) applied
D Default
Tl Tier 1/ Simple Methodology *
T2 Tier 2%
T3 Tier 3 / Detailed Methodology *
C CORINAIR
(o) Country Specific
M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.
(source for) Activity Data

NS National Statistics
RS Regional Statistics
IS International Statistics
PS Plant Specific
As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled
C Confidential
(source for) Emission Factors
D Default (EMEP Guidebook)
CS Country Specific
PS Plant Specific
M Model / Modelled
C Confidential

NO, NMVOC|SO,NH; PM, ;|PM,, TSP|BC|CO|Pb |Cd/Hg|As|Cr|Cu(Ni|Se|Zn|PCDD/F |B(a)P|B(b)F|B(k)F|I(x)P|PAH1-4 HCB|PCBs

AL AR A A A AT

L/- |key source by Level only
-/T |key source by Trend only
L/T|key source by both Level and Trend
-/- |no key source for this pollutant
IE |emission of specific pollutant Included Elsewhere (i.e. in another category)
NE |emission of specific pollutant Not Estimated (yet)
NA [specific pollutant not emitted from this source or activity = Not Applicable
* no analysis done



https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/iir-data_1.a.3.bi_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/iir-data_1.a.3.bi_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/iir-data_1.a.3.bi_1990-2024_public.xlsx
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Methodology

Detailed information on the methods applied is provided in the superordinate chapter .

Activity data

Specific consumption data for passenger cars is generated within TREMOD .

The following table gives an overview of annual amounts of the fuels consumed by passenger cars in Germany.

Table 1: Annual energy input allocated to passenger cars, in terajoule [T]

1990 1995 2000 2005 2010 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Diesel oil 266,175| 321,615 348,554/ 469,954 499,195 622,273| 651,012| 664,870 638,874 636,275 527,503| 541,468 554,473| 531,094 527,138
Gasoline 1,273,347| 1,258,708| 1,194,743 967,730, 764,449 706,489 706,818 709,460 688,689 694,835 622,758 629,090/ 648,537 666,660, 679,914
LPG 138 138 94.0 2,369 22,987 18,709 17,767 15,775 16,966 14,747 10,205 9,520 9,054 7,921 7,661
Natural Gas 1,628 3,368 3,466 3,221 3,120 3,086 2,672 1,884 2,319 1,902 1,618 533
Biodiesel 502 3,861 31,319 38,642 34,129 34,812 35,497 36,885 36,148 43,663 37,588 38,366 39,511 32,272
‘Biogasoline 6,574 29,540 29,728 29,772 29,290 30,038 29,073 27,571 29,026 29,975 31,665 31,810
‘Boimethane 166 737 818 969 852 1,313 1,268 1,001 1,161 1,640 2,802
[2 1.A.3.bi |[1,539,661|1,580,963|1,547,252|1,479,575|1,358,346(1,415,532|1,444,219|1,458,981|1,415,389|1,415,063|1,234,851|1,250,013(1,283,469|1,280,110|1,282,129

Here, the following charts underline the ongoing shift from gasoline to diesel-powered passenger cars, that started around
1999/2000.
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Table 2: Annual mileage of electric light-duty vehicles, as of 2012, in [Mio km
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2014|2015
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2021

2022

2023

2024
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Annual mileage of electric passenger cars
25.000

I [Wlio k]

5.000

For further information on mileage and abrasion-related emissions, please refer to sub-chapters on emissions
from tyre & brake wear and road abrasion.

Emission factors

The majority of emission factors for exhaust emissions from road transport are taken from the 'Handbook Emission Factors
for Road Transport' (HBEFA, versions 4.1 and 4.2) ?,* where they are provided on a tier3 level mostly and processed within
TREMOD *.

However, it is not possible to present these highly specific tier3 values in a comprehendible way here.

With respect to the country-specific emission factors applied for particulate matter, given the circumstances
during test-bench measurements, condensables are most likely included at least partly. ?

For heavy-metal (other then lead from leaded gasoline) exhaust-emissions, default emission factors from the 2025
Update of the 2023 EMEP/EEA Guidebook, Table 3-82: “Heavy metal emission factors for all vehicle categories in ppm/wt
fuel”have been applied * (see super-ordinate chapter here ). (see table 3 below)

In contrast, for exhaust PAH emissions, emission factors were derived from tier2 values as provided in EMEP/EEA
guidebook 2023 (Update 2025) ?, Table 3-18: “Tier 2 exhaust emission factors for passenger cars, NFR 1.A.3.b.i". (see table
4 below)

Regarding PCDD/F, tierl EF from (Rentz et al., 2008) ” are used instead. (see table 4)
The following tables provide an overview of non-annual emission factors for exhaust emissions of heavy metals and POPs.

Table 3: Overview of tierl EF applied for heavy metals exhaust-emissions, in [g/T]]
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Pb Cd Hg As Cr Cu Ni Se Zn
Diesel oil 0.012 0.001 0.123 0.002 0.198 0.133 0.005 0.002 0.419
Biodiesel 0.013 0.001 0.142 0.003 0.228 0.153 0.005 0.003 0.483
Gasoline fuels 0.037 0.005 0.200 0.007 0.145 0.103 0.053 0.005 0.758
CNG & Biomethane NE NE NE NE NE NE NE NE NE
LPG NE NE NE NE NE NE NE NE NE

NOTE: values derived from the EMEP/EEA defaults provided Table 3-82: “Heavy metal emission factors for all vehicle
categories in ppm/wt fuel”

! Biodiesel: values differ from EFs applied for fossil diesel oil to take into account the specific NCV of biodiesel

For exhaust emissions of Benzo[a]Pyrene, Benzo[b]Fluoranthene, Benzo[k]Fluoranthene, and Indeno[1,2,3-

c,d]Pyrene the tier2 emission factors as provided in the 2025 Update of the EMEP/EEA guidebook 2023 ¥, Chapter 1.A.3.bi-
iv; Table 3-18: Tier 2 exhaust emission factors for passenger cars, NFR 1.A.3.b.i with the current submission, upgrading the
estimation to a tier2-approach.

Table 4: Overview of tier2 EF applied for PAH exhaust-emissions, in [g/km]

FUEL

EURO standard

B[alP

B[b]F

BLkIF

I[123cd]P

PAH 1-4

diesel fuels

as of pre-EURO

0.000001740

0.000001950

0.000001530

0.000001620

0.000006840

gasoline fuels

pre-EURO

0.000000480

0.000000880

0.000000300

0.000001030

0.000002690

as of EURO1

0.000000320

0.000000360

0.000000260

0.000000390

0.000001330

LPG

as of pre-EURO

0.000000010

0.000000000

0.000000010

0.000000010

0.000000030

natural gas, bio

methane|as of EURO4

0.000000320

0.000000360

0.000000260

0.000000390

0.000001330

additional info:

(MS Excel file)

derivation of tier2 EF

Discussion of emission trends

Table 4: Outcome of Key Category Analysis

key source for:

NO,

NMVOC

PM,;

PM,,|BC

co

Pb

by:

Level & Trend of emissions

LT

LT

L/T LT

LT

LT

Non-methane volatile organic compounds, nitrogen oxides, and carbon monoxide

Since 1990, exhaust emissions of nitrogen oxides, NMVOC, and carbon monoxide have decreased sharply due to
catalytic-converter use and engine improvements resulting from ongoing tightening of emissions laws and improved fuel

quality.



https://iir.umweltbundesamt.de/2026/_media/general/appendices/derivation_tier2-ef_for_exhaust-pah_from_1.a.3.b.xlsx
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Annual nitrogen oxides emissions from pasenger cars

emissions in [kt]
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Table 5: EURO norms and their effect on limit values of NO, emissions from passenger cars, in [mg/km

exhaust emission standard (EURO norm)|Euro 1|Euro 2|Euro 3|Euro 4|Euro 5/Euro 6a/b|Euro 6c|Euro 6d
Diesel - - 500 | 250 | 180 80
Gasoline - - 150 80 60 60
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Annual NMYOC emissions* from passenger cars
1.400

* excluding emission from fuel evaporation
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Annual carbon monoxide emissions from passenger cars
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Table 6: EURO norms and their effect on limit values of CO emissions from passenger cars, in [mg/km

& g

8§ '&

&

5
of
+

exhaust emission standard (EURO norm)| Euro 1  |Euro 2|Euro 3|Euro 4|Euro 5|Euro 6a/b|Euro 6c|Euro 6d
Diesel 2,720/3,160| 1,000 | 640 | 500 | 500 500
Gasoline 2,720/ 3,160/ 2,200 | 2,300 | 1,000 | 1,000 1,000
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Ammonia and sulphur dioxide
As for the entire road transport sector, the trends for sulphur dioxide and ammonia exhaust emissions from passenger
cars show charcteristics very different from those shown above.

Here, the strong dependence on increasing fuel qualities (sulphur content) leads to an cascaded downward trend of
emissions , influenced only slightly by increases in fuel consumption and mileage.

Annual sulphur oxides emissions from passenger cars
an

P
=

emissions in [kt]

For ammonia emissions, the increasing use of catalytic converters in gasoline driven cars in the 1990s lead to a steep
increase whereas both the technical development of the converters and the ongoing shift from gasoline to diesel cars
resulted in decreasing emissions in the following years.
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Annual ammonia emissions from passenger cars
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(from fuel combustion only; no wear/abrasion included)
Starting in the middle of the 1990s, a so-called “diesel boom” began, leading to a switch from gasoline to diesel powered
passenger cars. As the newly registered diesel cars had to meet the EURO2 standard (in force since 1996/'97) with a PM limit
value less than half the EURO1 value, the growing diesel consumption was overcompensated gickly by the mitigation
technologies implemented due to the new EURO norm. During the following years, new EURO norms came into force. With
the still ongoing “diesel boom” those norms led to a stabilisation (EURO3, 2000/'01) of emissions and to another strong
decrease of PM emissions (EURO4, 2005/'06), respectively. Over-all, the increased consumption of diesel in passenger cars
was overastimated by the implemented mitigation technologies. The table below shows the evolution of the limit value for
particle emissions from passenger cars with diesel engines.
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With this submission, Black Carbon (BC) emissions are reported for the first time. Here, EF are estimated based on as
fractions of PM as provided in . Due to this fuel-specific fractions, the trend of BC emissions reflects the ongoing shift from
gasoline to diesel (“dieselisation”).
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emissions in [kt
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Table 7: EURO norms and their effect on limit values of PM emissions from passenger cars

exhaust emission standard (EURO norm)|Euro 1| Euro 2 |Euro 3|Euro 4|Euro 5|Euro 6a/b|Euro 6c|Euro 6d

limit values in [mg/km]

Diesel 180 |80/100'| 50 25 4.5 4.5
Gasoline - - - - 4.5 4.5
limit values in [number of particles]

Diesel - - - - 6 x 10"
Gasoline - - - - - 6 x 10"

! for direct injection engines

Recalculations

Compared to submission 2025, recalculations result mainly from the biennual routine revision of the underlying National
Energy Balances (NEB) for all years as of 2003 and the routine revision of the underlying TREMOD model used for
dustributing the inland fuel deliveries to road transport on the different vehicle types and mitigation technologies (Euro
standards) as required for emission reporting .

Table 8: Revised energy input data 2003-2023, in terajoules [T]]

| 2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
DIESEL OIL
current | 419448 469,054 499,195 622,273 651,012 664,870 638,874 636,275 527,503 541,468 554,473 531,094
Submission
Previous | 419,746| 459,150, 493,060| 644,577| 667,913| 668,958/ 642,258/ 643,791| 520,027| 528,230/ 550,835 532,067
Submission
:::::L“:e -1,299| 10,804/  6,135| -22,304| -16,901| -4,088| -3,384| -7,516| 7,476 13,238 3,638 -973
relative 0.31%| 2.35%| 1.24%| -3.46%| -2.53% -0.61% -0.53%| -1.17%| 1.44%| 2.51% 0.66%| -0.18%
change -uU. (] . (] . (] =J. 0 =L, 0 =U. 0 =U. (] % (] . (] . 0 . 0 -U. 0
BIODIESEL
current
- 11,715| 31,319 38,642 34,129 34,812 35497 36,885 36,148 43,663 37,588/ 38,366/ 39,511
Submission
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2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
previous 12,143| 32,012 38,566 35,806 36,202| 36,464 36,239 36,518| 42,535/ 37,042 38,213 39,434
Submission
absolute
ehange 428 -693 755 -1.677| -1.390 -967 646 370 1128 546 153 77,1
relative 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
change 352%| -2,16%| 0,20%| -4,68%| -3,84%| -2,65%| 1,78%| -1,01%  2,65%| 1,48%| 0,40%  0,20%
GASOLINE
current 1, 170,480 967,730| 764,449 706,480 706,818| 709,460 688,689 694,835 622,758/ 629,090 648,537 666,660
Submission
Previous |1 574,786/ 948,080 755,474 733,505 726,576 714,892| 691,702 703,555/ 613,047| 613,541 644,312 667,928
Submission
2,'::%“:‘* -4,297| 19,650| 8,976/ -27,016| -19,758  -5433| -3,013| -8,720 9,710, 15549 4,225 -1,268
relative 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
changs 0.40%| 2.07%| 1.19% -3.68%| -2.72%| -0.76%| -0.44%| -1.24%  1.58%| 2.53%| 0.66%| -0.19%
BIOGASOLINE
gg'z’;“'ss'“ 6,574/ 29,540 29,728| 29,772| 29,290 30,038 29,073| 27,571 29,026| 29,975 31,665
gg‘z’;"ss'“ 6,572| 29,348 29,608 29,660| 29,189 29,936 28,989 27,485| 28,909| 29,862| 31,551
absolute 2.39 192 1198 1124 1006 101 84 867 118 113.9 114
change
relative 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
changs 0.04%| 0.66%| 0.40%| 0.38%| 0.34% 0.34%  0.29%| 0.32%| 0.41% 0.38%  0.36%
LPG (LIQUEFIED PETROLEUM GAS)
current 697|  2,369| 22,987 18,709 17,767| 15,775| 16,966/ 14,747 10,205 9,520/ 9,054/ 7,921
Submission
previous 697|  2,369] 22,982| 18,709 17,767| 15,775| 16,922| 14,692 10,213| 10,138 11,761 7,927
Submission
absolute
ehange 0.00 0.00 4.51 0.00 0.00 0.00 43.4 551 -7.53 618 2,706  -5.86
relative 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
change 0.00%| 0.00%| 0.02%| 0.00% 0.00% 0.00%  0.26%| 0.37%| -0.07%| -6.10% -23.0% -0.07%
NATURAL GAS
current

- 1,296| 1,628 3,368 3,466  3,221| 31200 3,086 2672 1,884 2319 1,902 1,618
Submission
previous
B bmicsion| 1296 1628 5213 2720| 2,403 1591 1926 1314 1151 2,045 1855 1573
absolute 0.00 0.00[ -1,844 737 g18| 1,529 1,160/ 1,358 733 275 47.5 45.6
change
relative 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
changs 0.00%|  0.0% -35.4%| 27.0%| 34.0%| 96.1%| 60.3% 103.4%| 63.7% 13.4%| 2.56%  2.90%
BIOMETHANE
current
Submission 166 737 818 969 852 1,313 1,268 1,001 1,161] 1,640
previous 166 738 818 969 852| 1,314 1,271 994 914/ 1,192
Submission
absolute
change 000  -0.09| -0.05 0.01 010 -120 -3.36 6.98 247 448
2‘:"::3’: 0.00%| -0.01%| -0.01%| 0.00%| 0.01%| -0.09% -0.26% 0.70%| 27.0%| 37.6%
TOTAL ENERGY INPUT as allocated to NFR 1.A.3.b i
g:g;?stsion 1,502,644|1,479,575|1,358,346|1,415,6961,444,463|1,459,379|1,416,039|1,416,172|1,236,947|1,254,956|1,292,837|1,294,916
g;i‘::ﬂ;’:ion 1,508,668|1,449,811|1,344,808|1,465,835|1,481,583|1,468,237|1,420,485|1,431,283|1,217,847|1,225,841|1,287,120| 1,296,344
::::'g“:e -6,024| 29,763| 13,539| -50,140| -37,120| -8,858| -4,446| -15,112| 19,100, 29,115 5,718 -1,428
relative 0.40%| 2.05%| 1.01%| -3.42%| -2.51% -0.60% -0.31%| -1.06%| 1.57%| 2.38% 0.44%| -0.11%
Change -U. (] . (] . 0 =J. 0 =L, 0 =U. (] VN (] =1, (] . 0 . 0 . 0 -U. 0

A

Due to the variety of tier3 emission factors applied, it is not possible to display
any changes in these data sets in a comprehendible way.
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for Base Year and 2023, please see the recalculation tables following chapter

ﬁ For pollutant-specific information on recalculated emission estimates
9.1 - Recalculations.

Planned improvements

Besides a routine revision of the underlying model, no specific improvements are planned.

D4 knorr et al. (2025a): Kndrr, W., Heidt, C., Gores, S., & Bergk, F.: Fortschreibung des Daten- und Rechenmodells:
Energieverbrauch und Schadstoffemissionen des motorisierten Verkehrs in Deutschland 1960-2035, sowie TREMOD, im
Auftrag des Umweltbundesamtes, Heidelberg [u.a.]: Ifeu Institut fUr Energie- und Umweltforschung Heidelberg GmbH,
Heidelberg & Berlin, 2025.

? Keller et al. (2019): Keller, M., Hausberger, S., Matzer, C., Wiithrich, P., & Notter, B.: Handbook Emission Factors for Road
Transport, version 4.1 (Handbuch Emissionsfaktoren des Strafenverkehrs 4.1) URL:
https://assets-global.website-files.com/6207922a2acc01004530a67e/625e8c74c30e26e022b319c8 HBEFA41 Development_
Report.pdf - Dokumentation, Bern, 2019.

* Notter et al. (2022): Notter, B., Cox, B., Hausberger, S., Matzer, S., Weller, K., Dippold, M., Politschnig, N., Lipp, S. (IVT TU
Graz), Allekotte, M., Knérr, W. (ifeu), André, M. (IFSTTAR), Gagnepain, L. (ADEME), Hult, C., Jerksj6, M. (IVL): Handbook
Emission Factors for Road Transport, version 4.2 (Handbuch Emissionsfaktoren des StraBenverkehrs 4.2) URL:
https://assets-global.website-files.com/6207922a2acc01004530a67¢e/6217584903e9f9b63093c8c0 _HBEFA42 Update Docum
entation.pdf - Dokumentation, Bern, 2022.

56819 EMEP/EEA (2023): EMEP/EEA air pollutant emission inventory guidebook 2023;
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/
1-a-combustion/1-a-3-b-i; Copenhagen, 2025.

” Rentz et al. (2008): Otto Rentz, 0., Karl, U., Haase, M., Koch, M., Deutsch-Franzésisches Institut fiir Umweltforschung,
Universitat Karlsruhe (TH): Nationaler Durchfihrungsplan unter dem Stockholmer Abkommen zu persistenten organischen
Schadstoffen (POPs), im Auftrag des Umweltbundesamtes, FKZ 205 67 444, UBA Texte 01/2008,

http://www.umweltbundesamt.de/en/publikationen/nationaler-durchfuehrungsplan-unter-stockholmer; Dessau-RoRlau, 2008
3)

During test-bench measurements, temperatures are likely to be significantly higher than under real-world conditions, thus
reducing condensation. On the contrary, smaller dillution (higher number of primary particles acting as condensation germs)
together with higher pressures increase the likeliness of condensation. So over-all condensables are very likely to occur but
different to real-world conditions.


https://assets-global.website-files.com/6207922a2acc01004530a67e/625e8c74c30e26e022b319c8_HBEFA41_Development_Report.pdf
https://assets-global.website-files.com/6207922a2acc01004530a67e/625e8c74c30e26e022b319c8_HBEFA41_Development_Report.pdf
https://assets-global.website-files.com/6207922a2acc01004530a67e/6217584903e9f9b63093c8c0_HBEFA42_Update_Documentation.pdf
https://assets-global.website-files.com/6207922a2acc01004530a67e/6217584903e9f9b63093c8c0_HBEFA42_Update_Documentation.pdf
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-i
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-i
http://www.umweltbundesamt.de/en/publikationen/nationaler-durchfuehrungsplan-unter-stockholmer
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1.A3.b ii - Transport: Road Transport: Light Duty
Vehicles

' specific inventory data
for NFR 1.A.3.b ii - Light-

duty vehicles

Short description

In sub-category 1.A.3.b ii - Road Transport: Light Duty Vehicles emissions from fuel combustion in Light Duty Vehicles (LDVs)
are reported.

Category Code Method AD EF
1.A3.bii T1, T3 NS, M CS, M, D
Method(s) applied
D Default
Tl Tier 1 / Simple Methodology *
T2 Tier 2*
T3 Tier 3 / Detailed Methodology *
C CORINAIR
CSs Country Specific
M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.
(source for) Activity Data

NS National Statistics

RS Regional Statistics

IS International Statistics

PS Plant Specific

As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled

C Confidential

(source for) Emission Factors

D Default (EMEP Guidebook)

CS Country Specific

PS Plant Specific

M Model / Modelled

C Confidential

NO,[NMVOC|SO, NH;|PM, ;|PM,, TSP BC|CO|Pb|Cd|Hg|As|Cr|Cu|Ni|Se(Zn|PCDD/F|B(a)P|B(b)F B(k)F|I(x)P|PAH1-4|HCB|PCBs
L/- -/- - | -I- | LT [ LT | ~[- \LIT| /- |~[-|~/-| -]~ |-]-|~1-| 1= |-1-| - | 1| - -/- -/- /- | -I- -/- NE | -/-
L/- |key source by Level only
-/T|key source by Trend only
L/T|key source by both Level and Trend

-/- [no key source for this pollutant

IE |emission of specific pollutant Included Elsewhere (i.e. in another category)
NE [emission of specific pollutant Not Estimated (yet)

NA [specific pollutant not emitted from this source or activity = Not Applicable
* no analysis done



https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/iir-data_1.a.3.bii_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/iir-data_1.a.3.bii_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/iir-data_1.a.3.bii_1990-2024_public.xlsx
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Methodology

Activity data

Specific consumption data for light-duty vehicles (LDV) are generated within TREMOD ". - The following table provides an
overview of annual amounts of fuels consumed by LDV in Germany.

Table 1: Annual energy input allocated to light duty vehicles, in terajoules

1990 | 1995 2000 2005 2010 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Diesel oil 32,966 88,993| 123,189 121,992| 113,851| 135,747| 143,949| 150,252| 150,076/ 153,960 145,892| 156,311| 159,575| 155,894 158,596
Gasoline 34,782 21,433| 18,095 11,196 6,892 6,304 6,447 6,677 6,903 7,397 7.339 7.844| 8,087 8,041 8,216
Natural Gas 355 792 894 831 801 761 621 453 554 435 346 109
Biodiesel 139 1,365 8,130, 8,813 7,445 7,697 8,022 8,664 8,747| 12,076/ 10,851 11,042 11,598 9,709
Biogasoline 76 266 265 272 276 301 309 325 362 374 382 384
Biomethane 39 190 211 249 210 305 305 239 265 351 573
2 1.A.3.bii (67,748/110,566/142,649|141,750(130,652(150,846|159,407/166,277/166,915/171,338(166,390(176,161|179,777|176,611(177,588
Annual energy input of light-duty vehicles
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Table 2: Annual mileage of electric light-duty vehicles, as of 2012, in [km

2010

2011

2012

2013/2014

2015

2016

2017(2018|2019

2020

2021

2022(2023|2024

0.00

0.00

13.1

19.1

24.5(30.6 | 43.

6|75.4
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Annual mileage of electric LDVs

BO0U00H0.000

F00.000.000

»  GO00.0D0D.0D0

100.000.000

For further information on mileage and abrasion-related emissions, please refer to sub-chapters on emissions
from tyre & brake wear and road abrasion.

Emission factors

The majority of emission factors for exhaust emissions from road transport are taken from the 'Handbook Emission Factors
for Road Transport' (HBEFA, versions 4.1 and 4.2) ?,* where they are provided on a tier3 level mostly and processed within
TREMOD *.

However, it is not possible to present these highly specific tier3 values here in a comprehendible way .

With respect to the country-specific emission factors applied for particulate matter, given the circumstances
during test-bench measurements, condensables are most likely included at least partly. ?

For heavy-metal (other then lead from leaded gasoline) exhaust-emissions, default emission factors from the 2025
Update of the 2023 EMEP/EEA Guidebook, Table 3-82: “Heavy metal emission factors for all vehicle categories in ppm/wt
fuel”have been applied * (see super-ordinate chapter here ). (see table 3 below)

In contrast, for exhaust PAH emissions, emission factors were derived from tier2 values as provided in EMEP/EEA
guidebook 2023 (Update 2025) ?, Table 3-18: “Tier 2 exhaust emission factors for passenger cars, NFR 1.A.3.b.i". (see table
4 below)

Regarding PCDD/F, tierl EF from (Rentz et al., 2008) ” are used instead. (see table 4)
The following tables provide an overview of non-annual emission factors for exhaust emissions of heavy metals and POPs.

Table 3: Overview of tierl EF applied for heavy metals exhaust-emissions, in [g/T]]
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Pb Cd Hg As Cr Cu Ni Se Zn
Diesel oil 0.012 0.001 0.123 0.002 0.198 0.133 0.005 0.002 0.419
Biodiesel 0.013 0.001 0.142 0.003 0.228 0.153 0.005 0.003 0.483
Gasoline fuels 0.037 0.005 0.200 0.007 0.145 0.103 0.053 0.005 0.758
CNG & Biomethane NE NE NE NE NE NE NE NE NE
LPG NE NE NE NE NE NE NE NE NE

NOTE: values derived from the EMEP/EEA defaults provided Table 3-82: “Heavy metal emission factors for all vehicle
categories in ppm/wt fuel”

! Biodiesel: values differ from EFs applied for fossil diesel oil to take into account the specific NCV of biodiesel

For exhaust emissions of Benzo[a]Pyrene, Benzo[b]Fluoranthene, Benzo[k]Fluoranthene, and Indeno[1,2,3-
c,d]Pyrene the tier2 emission factors provided in the 2025 Update of the EMEP/EEA guidebook 2023 ®, Chapter 1.A.3.bi-iv;
Table 3-18: “Tier 2 exhaust emission factors for passenger cars, NFR 1.A.3.b.i" are implemented with the current submission,
upgrading the estimation to a tier2-approach.

Table: tier2 emission factors for exhaust PAH emissions from road vehicles, in [g/km]

FUEL EURO standard B[a]P B[b]F BIK]F 1[123cd]P | PAH 1-4

diesel fuels pre-EURO 0.000002850/0.000003300/0.000002870(0.000002540(0.000011560
as of EURO1 0.000000630/0.000000600/0.000000190(0.000000700|0.000002120

gasoline fuels pre-EURO 0.000000480/0.000000880/0.000000300(0.000001030{0.000002690
as of EURO1 0.000000320/0.000000360/0.000000260(0.000000390|0.000001330

natural gas, biomethane|as of EURO4 0.000000320/0.000000360/0.000000260(0.000000390|0.000001330

additional info:

derivation of tier2 EF

(MS Excel file)

Discussion of emission trends

Table 4: Outcome of Key Category Analysis

key source for:

NO,

PM,;

PM,,

BC

by:

Level of emissions|Level &

Trend| L/T

Nitrogen oxides

NO, emissions increased steadily until 2002 following the shift to diesel engines. During the last ten years, emissions decline

steadily due to catalytic-converter use and engine improvements resulting from ongoing tightening of emissions laws and
improved fuel quality.


https://iir.umweltbundesamt.de/2026/_media/general/appendices/derivation_tier2-ef_for_exhaust-pah_from_1.a.3.b.xlsx
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Annual nitrogen oxides emissions from light-duty vehicles

t]

emissions in |k
o

Ammonia and sulphur dioxide

As for the entire road transport sector, the trends for sulphur dioxide and ammonia exhaust emissions from passenger
cars show charcteristics very different from those shown above.

Here, the strong dependence on increasing fuel qualities (sulphur content) leads to an cascaded downward trend of
emissions, influenced only slightly by increases in fuel consumption and mileage.
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Annual sulphur oxides emissions from light-duty vehicles
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For ammonia emissions the increasing use of catalytic converters in gasoline driven cars in the 1990s lead to a steep
increase whereas both the technical development of the converters and the ongoing shift from gasoline to diesel cars
resulted in decreasing emissions in the following years.
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Annual ammonia emissions from light-duty vehicles
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Particulate matter & Black carbon

Starting in the middle of the 1990s, a so-called “diesel boom” began, leading to a switch from gasoline to diesel powered
passenger cars. As the newly registered diesel cars had to meet the EURO2 standard (in force since 1996/'97) with a PM limit
value less than half the EURO1 value, the growing diesel consumption was overcompensated gickly by the mitigation
technologies implemented due to the new EURO norm. During the following years, new EURO norms came into force.

With the still ongoing “diesel boom” those norms led to a stabilisation (EURO3, 2000/'01) of emissions and to another strong
decrease of PM emissions (EURO4, 2005/'06), respectively. Over-all, the increased consumption of diesel in passenger cars
was over-estimated by the implemented mitigation technologies.

Annual exhaust particle emissions from light-duty vehicles

Black carbon
Particulate matter <2.5 um
Particulate matter <10 um

W Total suspended particles

emissions in [kt

& . a A B B y 2 £ 3 ’, B 8 A o LR I T~ T T, T T Y
Rl g I TN R S S ; S R R L L S L L P L

Recalculations

As already described, compared to submission 2024, recalculations result maindly from the biennial routine revision of the
National Energy Balances for all years as of 2003:

Table 4: Revised energy input data 2003-2023, in terajoules [T]]

| 2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

Diesel oil

current
submission

previous
submission

absolute
change

relative change | -0.31%| 2.35%| 1.24%| -3.46%| -2.53%| -0.61%| -0.53%| -0.60%| 2.15%| 1.61%| -0.20%| -1.05%
Biodiesel

current
submission

125,118|121,992(113,851|135,747|143,949(150,252|150,076|153,960(145,892|156,311|159,575|155,894

125,506/119,188(112,451/140,613|147,686(151,176|150,871|154,885(142,818|153,829|159,891|157,548

-388| 2,805/ 1,399/ -4,866( -3,737 -924 -795 -925| 3,074| 2,482 -315| -1,654

3,503| 8,130| 8,813| 7,445 7,697 8,022| 8,664| 8,747 12,076/ 10,851| 11,042| 11,598
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2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
previous 3,631| 8,310/ 8,796/ 7,811 8,005| 8,240/ 8,513 8,786 11,682| 10,787| 11,092| 11,677
submission
absolute 28| -180| 17.2) -366| -307| -218] 152/ -38.8] 394| 638 -505 -78.8
change
relative change | -3.52%| -2.16%| 0.20%| -4.68%| -3.84%| -2.65%| 1.78%| -0.44%| 3.37%| 0.59%| -0.45%| -0.67%
Gasoline
current 13,330| 11,196/ 6,892| 6,304| 6,447| 6,677 6,903| 7,397 7,339| 7,844/ 8,087 8,041
submission ! ! ! ! ! ! ! ' ' ! ! !
previous 13,384 10,969| 6,811/ 6,545/ 6,627| 6,729| 6,934 7,465 7,194 7,718 8,104 8,126
submission
absolute 535 227/ 809 -241/ -180| -51.1 -30.2| -67.9] 145 126/ -17.2| -85.2
change
relative change | -0.40%| 2.07%| 1.19%| -3.68%| -2.72%| -0.76%| -0.44%| -0.91%| 2.01%| 1.63%| -0.21%| -1.05%
Biogasoline
current 76.1| 266/ 265 272|276/ 301| 309 325 362| 374 382
submission
previous 76.00 265 264/ 271 275 300 308 323| 364/ 376| 384
submission
absolute 0.03) 173 107 1.03 095 1.01 192 238 -174[ -1.82| -1.93
change
relative change 0.04%| 0.66%| 0.40%| 0.38%| 0.34%| 0.34%| 0.63%| 0.74%)| -0.48%| -0.48% -0.50%
Natural Gas
current 283 355 792| 894| 831 801 761| 621  453] 554| 435 346
submission
previous 283| 355 1.225| 704 620 409  475| 304 276| 493 427 339
submission
absolute 0.00, 0.0 -434 190 211 393 286| 317 178 613 7.8 6.81
change
relative change | 0.00%| 0.0%| -35.4%| 27.0%| 34.0%| 96.1%| 60.3%| 104%| 64.4%| 12.4%| 1.68%| 2.01%
Biomethane
current 389 190, 211| 249 210/ 305 305 239 265 351
submission
previous
D braission 38,9] 190 211| 249 210 304| 304/ 240 211 257
absolute 0.000 -0.02] -0.01 000 002 086 061 -0.44] 545 935
change
relative change 0.00%| -0.01%| -0.01%| 0.00%| 0.01%| 0.28%| 0.20%| -0.18%| 25.9%| 36.4%
TOTAL ENERGY INPUT allocated to NFR 1.A.3.b i
current 142,234/141,750/130,652|150,846|159,407|166,277|166,915|171,338|166,390|176,161|179,777|176,611
submission
previous 142,804|138,898|129,587|156,127(163,420/167,077|167,302/172,050|162,596|173,431/180,100|178,330
submission
absolute -570| 2,852 1,065 -5281| -4,013| -800| -386| -712| 3,794 2,731  -323| -1,720
change
relative change | -0.40%| 2.05%| 0.82%| -3.38%| -2.46%| -0.48%| -0.23%| -0.41%| 2.33%| 1.57%| -0.18%| -0.96%

A
o

For pollutant-specific information on recalculated emission estimates
for Base Year and 2023, please see the recalculation tables following chapter
9.1 - Recalculations.

Due to the variety of tier3 emission factors applied, it is not possible to display
any changes in these data sets in a comprehendible way.
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Planned improvements

Besides a routine revision of the underlying model, no specific improvements are planned.

D4 knorr et al. (2025a): Kndrr, W., Heidt, C., Gores, S., & Bergk, F.: Fortschreibung des Daten- und Rechenmodells:
Energieverbrauch und Schadstoffemissionen des motorisierten Verkehrs in Deutschland 1960-2035, sowie TREMOD, im
Auftrag des Umweltbundesamtes, Heidelberg [u.a.]: Ifeu Institut fUr Energie- und Umweltforschung Heidelberg GmbH,
Heidelberg & Berlin, 2025.

? Keller et al. (2019): Keller, M., Hausberger, S., Matzer, C., Wiithrich, P., & Notter, B.: Handbook Emission Factors for Road
Transport, version 4.1 (Handbuch Emissionsfaktoren des Strafenverkehrs 4.1) URL:
https://assets-global.website-files.com/6207922a2acc01004530a67e/625e8c74c30e26e022b319¢8 HBEFA41 Development_
Report.pdf - Dokumentation, Bern, 2019.

* Notter et al. (2022): Notter, B., Cox, B., Hausberger, S., Matzer, S., Weller, K., Dippold, M., Politschnig, N., Lipp, S. (IVT TU
Graz), Allekotte, M., Knérr, W. (ifeu), André, M. (IFSTTAR), Gagnepain, L. (ADEME), Hult, C., Jerksj6, M. (IVL): Handbook
Emission Factors for Road Transport, version 4.2 (Handbuch Emissionsfaktoren des StraBenverkehrs 4.2) URL:
https://assets-global.website-files.com/6207922a2acc01004530a67¢e/6217584903e9f9b63093c8c0_HBEFA42 Update Docum
entation.pdf - Dokumentation, Bern, 2022.

3168 EMEP/EEA (2023): EMEP/EEA air pollutant emission inventory guidebook 2023;
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/
1-a-combustion/1-a-3-b-i/@@download/file; Table 3-82: Heavy metal emission factors for all vehicle categories in ppm/wt
fuel; Copenhagen, 2023.

? Rentz et al. (2008): Otto Rentz, 0., Karl, U., Haase, M., Koch, M., Deutsch-Franzésisches Institut fiir Umweltforschung,
Universitat Karlsruhe (TH): Nationaler Durchfiihrungsplan unter dem Stockholmer Abkommen zu persistenten organischen
Schadstoffen (POPs), im Auftrag des Umweltbundesamtes, FKZ 205 67 444, UBA Texte 01/2008,

http://www.umweltbundesamt.de/en/publikationen/nationaler-durchfuehrungsplan-unter-stockholmer; Dessau-Rollau, 2008
3)

During test-bench measurements, temperatures are likely to be significantly higher than under real-world conditions, thus
reducing condensation. On the contrary, smaller dillution (higher number of primary particles acting as condensation germs)
together with higher pressures increase the likeliness of condensation. So over-all condensables are very likely to occur but
different to real-world conditions.


https://assets-global.website-files.com/6207922a2acc01004530a67e/625e8c74c30e26e022b319c8_HBEFA41_Development_Report.pdf
https://assets-global.website-files.com/6207922a2acc01004530a67e/625e8c74c30e26e022b319c8_HBEFA41_Development_Report.pdf
https://assets-global.website-files.com/6207922a2acc01004530a67e/6217584903e9f9b63093c8c0_HBEFA42_Update_Documentation.pdf
https://assets-global.website-files.com/6207922a2acc01004530a67e/6217584903e9f9b63093c8c0_HBEFA42_Update_Documentation.pdf
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-i/@@download/file
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-i/@@download/file
http://www.umweltbundesamt.de/en/publikationen/nationaler-durchfuehrungsplan-unter-stockholmer
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1.A.3.b iii - Transport: Road Transport: Heavy Duty
Vehicles and Buses

' specific inventory data
—  for1.A.3.biii - Heavy-

duty Vehicles and Buses

Short description

In sub-category 1.A.3.b iii - Road Transport: Heavy Duty Vehicles and Buses emissions from fuel combustion in trucks,
lorries, buses etc. are reported.

Category Code Method AD EF
1.A.3.b iii T1, T3 NS, M CS, M, D
Method(s) applied
D Default
Tl Tier 1 / Simple Methodology *
T2 Tier 2*
T3 Tier 3 / Detailed Methodology *
C CORINAIR
Cs Country Specific
M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.
(source for) Activity Data

NS National Statistics
RS Regional Statistics
IS International Statistics
PS Plant Specific
As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled
C Confidential
(source for) Emission Factors
D Default (EMEP Guidebook)
CS Country Specific
PS Plant Specific
M Model / Modelled
C Confidential

NO,[NMVOC|SO, NH;|PM, ;|PM,, TSP BC|CO|Pb|Cd|Hg|As|Cr|Cu|Ni|Se(Zn|PCDD/F|B(a)P|B(b)F B(k)F|I(x)P|PAH1-4|HCB|PCBs
ur| - o Lo [ o e e e e e e T T e [NE



https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/iir-data_1.a.3.biii_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/iir-data_1.a.3.biii_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/iir-data_1.a.3.biii_1990-2024_public.xlsx
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NO,

NMVOC|SO,|NH,[PM, ,[PM,,[TSP| BC|CO|Pb|Cd|Hg|As|Cr|Cu|Ni|Se|zn|PCDD/F|B(a)P|B(b)F |B(k)F|I(x)P|PAH1-4| HCB|PCBs

L/

key source by Level only

-/T |key source by Trend only

L/T|key source by both Level and Trend

-/

no key source for this pollutant

IE |emission of specific pollutant Included Elsewhere (i.e. in another category)

N

m

emission of specific pollutant Not Estimated (yet)

NA [specific pollutant not emitted from this source or activity = Not Applicable

no analysis done

Methodology

Activity data

Specific consumption data for heavy-duty vehicles (trucks and lorries) and buses are generated within TREMOD ”. - The
following tables provide an overview of annual amounts of fuels consumed by these vehicles in Germany.

Table 1: Annual energy input allocated to trucks and lorries, in terajoules

| 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
thereof: Buses
Diesel oil 54,436] 46,012 45,864 37,361 43,243 46,964] 47,664] 47,999] 45,863 47,228] 31,292 31,780 35,906 36,590 35,973
Biodiesel 71.8]  508] 2,490] 3347 2576] 2549] 2563 2648 2,683 2590 2,206 2,484 2,722 2,202
Natural Gas
(CNG & 1,144/ 1331| 1209 1,079 975  874| 690 482 544/ 416|316 103
LNG)
Biomethane 654/ 257 274 303 241] 339 324 235 254 320 539
Petroleum 610 414
% Buses 54,436 46,694| 46,786 40,995| 47,987 51,007| 51,567 51,840 49,626| 50,940| 34,688| 34,765 39,060/39,948 | 38,817
thereof: Trucks & Lorries
Diesel oil | 382,343[ 507,393| 590,498] 451,903| 499,541| 537,900| 537,993 564,015 550,475 553,949] 539,809] 525,845 502,084| 465,589| 454,272
Biodiesel 792| 6,542| 30,116] 38,669 29,502 28,768[ 30,112 31,781| 31,471 44,681 36,504 34,741 34,638 27,811
Natural Gas
(CNG & 268 237|  264| 348  857| 1,908 4,629 5105 4,663 1,685
LNG)
Biomethane 56.9 602 82.0 96.0] 421] 1,284 1,999] 3,116 4,725 8,861
E o";rr‘i‘ec:s & 1382,343|508,185/597,040(482,019|538,209|567,727 567,059 (594,473|582,700| 586,699 587,682 568,977 |545,045|509,615|492,628
HDVs over-all
Diesel oil [ 436,779| 553,405| 636,362| 489,264| 542,783| 584,864| 585,657| 612,014] 596,338] 601,177| 571,101 557,625| 537,989] 502,179| 490,245
Biodiesel 863 7,050/ 32,606 42,016/ 32,078 31,317| 32,675 34,429| 34,154 47,271 38,710| 37,225 37,360 30,013
Natural Gas
(CNG & 1,144 1,331 1477| 1317 1240 1,221 1,548/ 2,390 5174/ 5521 4,979 1,788
LNG)
Biomethane 65.4  314] 334 385 337 760 1,608/ 2,233| 3,370] 5,045 9,400
Petroleum 610 414
% 1.A.3.b iii |436,779|554,878|643,825(523,014/586,196|618,733|618,625/646,313/632,326/637,639/622,370/603,742(584,105(549,563(531,446

source: TREMOD 2025 ?
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consumption in [T1]
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Table 2: Annual mileage of electric buses and trucks, as of 2012, in [km]

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

e-buses

8,

487,329

9,845,760

10,876,484

12,152,006

16,751,955

22,652,366

44,265,774

73,852,059

17,202,225

18,705,389

46,436,326

e-trucks

16,

622,028

17,425,009

19,612,927

26,890,851

44,461,550

70,219,861

103,916,921

132,048,817

53,621,255

53,399,717

78,383,254

mileage in [km]
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For more information on mileage and abrasion-related emisisons, please refer to sub-chapters on emissions
from tyre & brake wear and road abrasion.

Emission factors

The majority of emission factors for exhaust emissions from road transport are taken from the 'Handbook Emission Factors
for Road Transport' (HBEFA, versions 4.1 and 4.2) ¥, ¥ where they are provided on a tier3 level mostly and processed within
the TREMOD software used by the party °.

However, it is not possible to present these tier3 values in a comprehendible way here.

With respect to the country-specific emission factors applied for particulate matter, given the circumstances
during test-bench measurements, condensables are most likely included at least partly. *

For heavy-metal (other then lead from leaded gasoline) exhaust-emissions, default emission factors from the 2025
Update of the 2023 EMEP/EEA Guidebook, Table 3-82: “Heavy metal emission factors for all vehicle categories in ppm/wt
fuel”have been applied ¥ (see super-ordinate chapter here ). (see table 3 below)

In contrast, for exhaust PAH emissions, emission factors were derived from tier2 values as provided in EMEP/EEA
guidebook 2023 (Update 2025) ”, Table 3-18: “Tier 2 exhaust emission factors for passenger cars, NFR 1.A.3.b.i". (see table
4 below)

Regarding PCDD/F, tierl EF from (Rentz et al., 2008) ® are used instead.

The following table provides an overview of the EF. Please note, that the values for heavy-metal (in [g/TJ]) and PAH (in
[mg/T]]) exhaust-emissions have been estimated from the EMEP/EEA defaults provided in [ppm/wt].

Table 3: Overview of tierl EF applied for heavy metals and POPs exhaust-emissions

Pb cd Hg As | cr | cu Ni | Se | zn PCDD/F
[9/T)] [ng/km]

Diesel oil 0.012 0.001 0.123 0.002 0.198 0.133 0.005 0.002 0.419
Biodiesel 0.013 0.001 0.142 0.003 0.228 0.153 0.005 0.003 0.483
g?:)(r;nse(thane NE NE NE NE NE NE NE NE NE
Petroleum NE NE NE NE NE NE NE NE NE
all fuels: buses 0.000019
all fuels: trucks & lorries 0.000016
NOTE: values derived from the EMEP/EEA defaults provided Table 3-82: “Heavy metal emission factors for all vehicle
categories in ppm/wt fuel”
! Biodiesel: values differ from EFs applied for fossil diesel oil to take into account the specific NCV of biodiesel

For exhaust emissions of Benzo[a]Pyrene, Benzo[b]Fluoranthene, Benzo[k]Fluoranthene, and Indenol[1,2,3-
c,d]Pyrene the tier2 emission factors as provided in the 2023 EMEP/EEA Guidebook, Chapter 1.A.3.b i-iv (Update 2025),
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Table 3-18 have been implemented with the current submission, upgrading the estimation to a tier2 approach.

Table 4: Tier2 emission factors for exhaust PAH emissions from road vehicles, in [g/km]

FUEL EURO standard B[alP B[b]F BLKIF I[123cd]P | PAH 1-4
diesel fuels as of pre-EURO |{0.000000900|0.000005450/0.000006090|0.000001400(0.000013840
natural gas, biomethane|as of EUROV 0.000000050{0.000000080{0.000000040(0.000000030/|0.000000200

additional info:
derivation of tier2 EF
(MS Excel file)

Discussion of emission trends

Table 5: Outcome of Key Category Analysis

key source for: NO, PM,PM,,BC
by:|Level & Trend of emissions| L/T | L/T |L/T

Nitrogen oxides

Until 2005, NO, emissions followed mileage and fuel consumption. Since 2006, in contrast to nearly unchanged fuel
consumption, emissions have decreased due to controlled catalytic-converter use and engine improvements resulting from
continual tightening of emissions laws.

Table 6: EURO norms and their effect on limit values of NO, emissions from diesel heavy-duty vehicles, in [g/kWh]

pre-Euro|Euro I|Euro Il|Euro lll|Euro IV|Euro V|Euro VI®*®
14.4 8/9 7 5 3.5 2 0.4/0.46

Annual nitrogen oxides emissions

emissions im [kt]


https://iir.umweltbundesamt.de/2026/_media/general/appendices/derivation_tier2-ef_for_exhaust-pah_from_1.a.3.b.xlsx
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Non-methane volatile organic compounds (NMVOC) and carbon monoxide

Since 1990, exhaust emissions of NMVOC and carbon monoxide have decreased sharply due to catalytic-converter use
and engine improvements resulting from ongoing tightening of emissions laws and improved fuel quality.

Table 7: EURO norms and their effect on limit values of CO emissions from diesel heavy-duty vehicles, in [g/kWh

pre-Euro| Euro | [Euro ll|Euro Ill|Euro IV|Euro V|Euro VI
11.2 |(45/49| 4 2.1 1.5 15 1.5

Annual NMYOC emissions®

a

* excluding emission from fuel evaporation

- o
=] -

emissions in [kt]
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Annual carbon monoxide emissions
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Ammonia and sulphur dioxide

As for the entire road transport sector, the trends for sulphur dioxide (SO,) and ammonia (NH,) exhaust emissions from
heavy duty vehicles show charcteristics different from those shown above: Here, the strong dependence on increasing fuel
qualities (sulphur content) leads to an cascaded downward trend of SO, emissions , influenced only slightly by increases in
fuel consumption and mileage. For ammonia emissions the increasing use of catalytic converters in gasoline driven cars in
the 1990s lead to a steep increase whereas both the technical development of the converters and the ongoing shift from
gasoline to diesel cars resulted in decreasing emissions in the following years.
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Annual sulphur oxides emissions

$5100N5 1IN

Particulate matter & Black carbon

As for all reported exhaust PM emissions from mobile diesel vehicles the Party assumes that nearly all particles emitted are
within the PM, ; range, resulting in similar emission values for PM, 5, PM,,, and TSP.

Annual particulate matter emissions

Black carbon
Particulate matter <2.5 pum
Particulate matter <10 pm

W Taotal suspended particles

pmissio

A
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Recalculations

Compared to submission 2025, recalculations in activity data result mainly from the biennial routine revision of the
National Energy Balances (NEB) as of 2003, the finalization of the NEB for 2023 and the annual routine revision of the
underlying model (TREMOD).

Table 8: Revised energy input data 2003-2023, in terajoules [T]]

| 2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Diesel oil
current 526,164|489,264(542,783|584,864|585,657|612,014|596,338|601,177|571,101|557,625|537,989(502,179
submission
g:%‘;?:;on 489,987|453,716(537,434|539,210|544,857|575,273|626,967|595,144(599,097|559,214|537,439/506,335
:ﬁzzg‘:e 36,177| 35,549| 5,349 45,654 40,800 36,741/-30,629 6,032|-27,996| -1,589|  550| -4,156
relative change | 7.38%| 7.84%| 1.00%| 8.47%| 7.49%| 6.39%| -4.89%| 1.01%| -4.67%| -0.28%| 0.10%| -0.82%
Biodiesel
current 14,730| 32,606| 42,016 32,078 31,317| 32,675 34,429 34,154| 47,271| 38,710| 37,225| 37,360
submission
previous 14,175| 31,633| 42,037| 29,953| 29,532| 31,357| 35,376/ 33,759 49,002| 39,215/ 37,283 37,527
submission
absolute 556/ 973 -212| 2,125| 1,785 1,318 -947| 395 -1,731 -505| -582| -167
change
relative change | 3.92%| 3.08%| -0.05%| 7.09%| 6.04%| 4.20%| -2.68%| 1.17%| -3.53%| -1.29%| -0.16%| -0.44%
Natural Gas
current 910/ 1,144| 1,331| 1,477 1,317 1,240/ 1,221| 1,548/ 2,390/ 5,174/ 5,521 4,979
submission
previous 910/ 1,144 2,060 1,162 982 632| 763| 760 1,454| 4,607| 5,468 4,974
submission
absolute 0.000 0.00 -729 315 334/ 607| 459 788 936| 567| 53.7| 4.96
change
relative change | 0.00%| 0.00%| -35.4%| 27.1%| 34.1%| 96.1%| 60.2%| 103.7%| 64.4%| 12.3%| 1.0%| 0.10%
Biomethane
current 65.4| 314/ 334/ 385  337| 760 1,608 2,233| 3,370 5,045
submission
previous
D braission 65.4 314 334/ 385 337 760 1,606 2,240 2,696 3,769
absolute 0.000 011 006 -0.02 -0.12| 034 275 -6.54| 674| 1,276
change
relative change 0.00%| 0.03%| 0.02%| 0.00%| -0.04%| 0.05%| 0.17%| -0.29%| 25.0%| 33.8%
 1.A.3.b iii
current 541,804(523,014(586,196(618,733|618,625(646,313(632,326(637,639/622,370/603,742|584,105|549,563
submission
gzi‘r’:'?:ssion 505,072|486,493(581,597|570,639(575,706(607,647|663,443|630,423|651,159|605,275|582,886|552,605
::::L“:e 36,733| 36,522| 4,599 48,094 42,920 38,666/ -31,117 7,216/ -28,789| -1,533| 1,220/ -3,042
relative change | 7.27%| 7.51%| 0.79%| 8.43%| 7.46%| 6.36%| -4.69%| 1.14%| -4.42%| -0.25%| 0.21%| -0.55%

A

6 For pollutant-specific information on recalculated emission estimates

Due to the variety of tier3 emission factors applied, it is not possible to display
any changes in these data sets in a comprehendible way.
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: for Base Year and 2023, please see the recalculation tables following chapter
@ 9.1 - Recalculations.

Planned improvements

Besides a routine revision of the underlying model, no specific improvements are planned.

D23 kngrr et al. (2025a): Knérr, W., Heidt, C., Gores, S., & Bergk, F.: Fortschreibung des Daten- und Rechenmodells:
Energieverbrauch und Schadstoffemissionen des motorisierten Verkehrs in Deutschland 1960-2035, sowie TREMOD, im
Auftrag des Umweltbundesamtes, Heidelberg [u.a.]: Ifeu Institut fir Energie- und Umweltforschung Heidelberg GmbH,
Heidelberg & Berlin, 2025.

¥ Keller et al. (2019): Keller, M., Hausberger, S., Matzer, C., Wiithrich, P., & Notter, B.: Handbook Emission Factors for Road
Transport, version 4.1 (Handbuch Emissionsfaktoren des StraBenverkehrs 4.1) URL:
https://assets-global.website-files.com/6207922a2acc01004530a67e/625e8c74c30e26e022b319c8 HBEFA41 Development_
Report.pdf - Dokumentation, Bern, 2019.

* Notter et al. (2022): Notter, B., Cox, B., Hausberger, S., Matzer, S., Weller, K., Dippold, M., Politschnig, N., Lipp, S. (IVT TU
Graz), Allekotte, M., Knérr, W. (ifeu), André, M. (IFSTTAR), Gagnepain, L. (ADEME), Hult, C., Jerksj6, M. (IVL): Handbook
Emission Factors for Road Transport, version 4.2 (Handbuch Emissionsfaktoren des StraRenverkehrs 4.2) URL:
https://assets-global.website-files.com/6207922a2acc01004530a67¢e/6217584903e9f9b63093c8c0_HBEFA42 Update Docum
entation.pdf - Dokumentation, Bern, 2022.

7 EMEP/EEA (2023): EMEP/EEA air pollutant emission inventory guidebook 2023;
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/
1-a-combustion/1-a-3-b-i/@@download/file; Table 3-82: Heavy metal emission factors for all vehicle categories in ppm/wt
fuel; Copenhagen, 2023.

® Rentz et al. (2008): Otto Rentz, 0., Karl, U., Haase, M., Koch, M., Deutsch-Franzésisches Institut fir Umweltforschung,
Universitat Karlsruhe (TH): Nationaler Durchflhrungsplan unter dem Stockholmer Abkommen zu persistenten organischen
Schadstoffen (POPs), im Auftrag des Umweltbundesamtes, FKZ 205 67 444, UBA Texte 01/2008,
http://www.umweltbundesamt.de/en/publikationen/nationaler-durchfuehrungsplan-unter-stockholmer; Dessau-Rofllau, 2008
* EU (2009): REGULATION (EC) No 595/2009 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 18 June 2009 on type-
approval of motor vehicles and engines with respect to emissions from heavy duty vehicles (Euro VI) and on access to
vehicle repair and maintenance information and amending Regulation (EC) No 715/2007 and Directive 2007/46/EC and
repealing Directives 80/1269/EEC, 2005/55/EC and 2005/78/EC - https://data.europa.eu/eli/reg/2009/595/0j; Brussels, 18 June
2009.

19 EU (2011): REGULATIONS COMMISSION REGULATION (EU) No 582/2011 implementing and amending Regulation (EC) No
595/2009 of the European Parliament and of the Council with respect to emissions from heavy duty vehicles (Euro VI) and
amending Annexes | and Il to Directive 2007/46/EC of the European Parliament and of the Council;
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R0582&qid=1744032326229;
http://data.europa.eu/eli/reg/2011/582/oj; Brussels, 25 May 2011

4)

During test-bench measurements, temperatures are likely to be significantly higher than under real-world conditions, thus
reducing condensation. On the contrary, smaller dillution (higher number of primary particles acting as condensation germs)
together with higher pressures increase the likeliness of condensation. So over-all condensables are very likely to occur but
different to real-world conditions.


https://assets-global.website-files.com/6207922a2acc01004530a67e/625e8c74c30e26e022b319c8_HBEFA41_Development_Report.pdf
https://assets-global.website-files.com/6207922a2acc01004530a67e/625e8c74c30e26e022b319c8_HBEFA41_Development_Report.pdf
https://assets-global.website-files.com/6207922a2acc01004530a67e/6217584903e9f9b63093c8c0_HBEFA42_Update_Documentation.pdf
https://assets-global.website-files.com/6207922a2acc01004530a67e/6217584903e9f9b63093c8c0_HBEFA42_Update_Documentation.pdf
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-i/@@download/file
https://www.eea.europa.eu/en/analysis/publications/emep-eea-guidebook-2023/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-i/@@download/file
http://www.umweltbundesamt.de/en/publikationen/nationaler-durchfuehrungsplan-unter-stockholmer
https://data.europa.eu/eli/reg/2009/595/oj
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R0582&qid=1744032326229
http://data.europa.eu/eli/reg/2011/582/oj
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1.A.3.b iv - Road Transport: Mopeds & Motorcycles

Short description

In sub-categories 1.A.3.b iv - Road Transport: Mopeds & Motorcycles emissions from fuel combustion in motorised two-

wheelers are reported.

Category Code Method AD EF
1.A3.biv T1, T3 NS, M CS. M, D
Method(s) applied
D Default
Tl Tier 1/ Simple Methodology *
T2 Tier 2*
T3 Tier 3 / Detailed Methodology *
C CORINAIR
Cs Country Specific
M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2019, in category chapters.

(source for) Activity Data

NS National Statistics

RS Regional Statistics

IS International Statistics

PS Plant Specific

As Associations, business organisations
Q specific Questionnaires (or surveys)
M Model / Modelled

C Confidential

(source for) Emission Factors

D

Default (EMEP Guidebook)

CS

Country Specific

Plant Specific

Model / Modelled

PS
M
C

Confidential

specific inventory data
for NFR 1.A.3.b iv -
Mopeds & Motorcycles



https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/iir-data_1.a.3.bi_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/iir-data_1.a.3.bi_1990-2024_public.xlsx
https://iir.umweltbundesamt.de/2026/_media/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/iir-data_1.a.3.bi_1990-2024_public.xlsx
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NO, NMVOC

SO,

NH;|PM, ;

PM,,

TSP

BC

CO|Pb|Cd

Hg|As

Cr|Cu

Se|Zn

PCDD/F|B(a)P

B(b)F

B(k)F

I(x)P

PAH1-4 HCB

PCBs

-/- -/-

-/-

-/- -/-

-/-

-/-

-/-

|-

-/-

-/-

-/-

-/-

-/ NE

L/-

key source by Level only

-/T

key source by Trend only

L/T

key source by both Level and Trend

no key source for this pollutant

emission of specific pollutant Included Elsewhere (i.e. in another category)

emission of specific pollutant Not Estimated (yet)

specific pollutant not emitted from this source or activity = Not Applicable

no analysis done

Methodology

Activity data

Specific consumption data for mopeds and motorcycles is generated within the TREMOD model (Knérr, 2025a) *.

The following table provides an overview of annual amounts of gasoline fuels consumed by motorized two-wheelers in

Germany.

Table 1: Annual fuel consumption of mopeds and motorcycles, in terajoules

| 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
MOPEDS
Gasoline 5.143) 3,206 3,223| 3,156/ 3,344| 3,311 3,320/ 3,260| 3,230] 3,272 3,432 3,029 3,240/ 2,857 2,860
Biogasoline 214/ 129 139] 140] 135 141 137] 152| 140] 150 136 134
Z Mopeds | 5,143| 3,206 3,223| 3,177| 3,474| 3,450 3,460| 3,394| 3,371 3,408 3,584| 3,168 3,390 2,993| 2,994
MOTORCYCLES
Gasoline | 17,206 16,634| 20,995| 20,280| 15,859| 15,154 15,429| 15,608| 15,013| 15,205 15,484| 13,702| 14,499| 12,851| 12,895
Biogasoline 138) 613 638 650] 644| 655 636 686 632] 670| 610/ 603
fa 17,206(16,634(20,995|20,418(16,472|15,792(16,079|16,252|15,668 15,841 16,169 |14,335|15,169|13,46113,499

otorcycles

MOTORIZED 2-WHEELERS: Mopeds & Motorcycles
Gasoline | 22,350| 19,840 24,218| 23,436/ 19,203| 18,465 18,749| 18,867| 18,244/ 18,476 18,916/ 16,731| 17,739| 15,708| 15,755
Biogasoline 159] 742[ 777] 790] 779] 796] 773 837] 772| 820 746] 737
Z 1.A.3.b iv [22,350/19,840(24,218|23,595(19,945(19,242(19,539|19,646/19,040/19,250(19,753(17,503|18,559|16,454/16,492
source: TREMOD ?
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energy input in [T1]
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Table 2: Annual mileage of electric mopeds and motorcycles, as of 2012, in [km]
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
e-mopeds 4,893,858 7,081,254 8,286,339| 9,349,275(10,473,058(11,684,376/|12,603,833|14,405,436|17,202,225|18,705,389(46,436,326
e-motorcycles|14,288,683/19,091,180(23,913,479(28,696,175(33,478,875|38,107,442|42,529,340(47,620,933(53,621,255|53,399,717(78,383,254

mileage in [km]
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For further information on mileage as well as abrasion-related emissions, please refer to sub-chapters on
emissions from tyre & brake wear and road abrasion.

1

Emission factors

The majority of emission factors for exhaust emissions from road transport are taken from the 'Handbook Emission Factors
for Road Transport' (HBEFA, versions 4.1 and 4.2) *,* where they are provided on a tier3 level mostly and processed within
TREMOD .

However, it is not possible to present these highly specific tier3 values in a comprehendible way here.

o

With respect to the country-specific emission factors applied for
particulate matter, given the circumstances during test-bench
measurements, condensables are most likely included at least partly.

For heavy-metal (other then lead from leaded gasoline) and PAH exhaust-emissions, default emission factors from the 2023
EMEP/EEA Guidebook (EMEP/EEA, 2023), Table 3-86 have been applied ® (see super-ordinate chapter here ).

Regarding PCDD/F, tierl EF from (Rentz et al., 2008) 7 are used instead.

The following table provides an overview of the EF. Please note, that the values for heavy-metal (in [g/TJ]) and PAH (in
[mg/T]]) exhaust-emissions have been estimated from the EMEP/EEA defaults provided in [ppm/wt].

Table 3: Overview of tierl EF applied for heavy metals and POPs exhaust-emissions

As | Cd | Cr | Cu | Hg | Ni | Pb | Se | Zn | PCDD/F
[9/T)] [ng/km]
0.007|0.005/0.145(0.103(0.200|0.053(0.037/0.005/0.758/0.0000027

For exhaust emissions of Benzo[a]Pyrene, Benzo[b]Fluoranthene, Benzo[k]Fluoranthene, and Indenol[1,2,3-
c,d]Pyrene the tier2 emission factors as provided in the 2023 EMEP/EEA Guidebook, Chapter 1.A.3.b i-iv (Update 2025),
Tables 3-18 have been implemented with the current submission, upgrading the estimation to a tier2 approach.

Table: tier2 emission factors for exhaust PAH emissions from road vehicles, in [g/km]

FUEL |EURO standard B[alP BI[b]F BIkIF I[123cd]P | PAH 1-4
Mopeds pre-EURO 0.000000096|0.000000176|0.000000060|0.000000206{0.000000538
as of EURO1 0.000000064|0.000000072(0.000000052|0.000000078{0.000000266
Motorcycles|as of pre-EURO |0.000000320{0.000000360{0.000000260{0.000000390{0.000001330

additional info:
derivation of tier2 EF
(MS Excel file)

Discussion of emission trends

NFR 1.A.3.b iv is no key category.

Since 1990, exhaust emissions of NO,, NMVOC, and CO have decreased due to technical improvements.


https://iir.umweltbundesamt.de/2026/_media/general/appendices/derivation_tier2-ef_for_exhaust-pah_from_1.a.3.b.xlsx
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Annual nitrogen oxides emissions from motorized two-wheelers
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* excluding emission from fuel evaporation
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Annual carbon monoxide emissions from motorized two-wheelers
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As for the entire road transport sector, the trends for sulphur dioxide exhaust emissions from two-wheelers shows
charcteristics very different from those shown above: Here, the strong dependence on increasing fuel qualities (sulphur
content) leads to an cascaded downward trend of emissions , influenced only slightly by increases in fuel consumption and
mileage.

Annual sulphur oxides emissions from motorized two-wheelers
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Particle emissions result from the comusbtion of gasoline and bioethanol. Here, due to the assumption that nearly all TSP
emitted is formed by particles in the PM, . range, similar estimates are provided for all three fractions. (Exception: Until
1997, additional TSP emissions from use of leaded gasoline are included.)

Annual exhaust particulate matter emissions from motorized two-wheelers

Black carbon
Particulate matter <2.5 pm
Particulate matter <10 pum

B Total suspended particles

15

emizsions im [kt]

Recalculations

As described earlier, compared to the previous submission, recalculations result mainély from the biennial routine revision of
the National Energy Balances for all years as of 2003:

Table 4: Revised energy input data 2003-2023, in terajoules [T]]

| 2003 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

GASOLINE
current submission |23,608|23,436|19,203|18,465|18,749|18,867(18,244(18,476|18,916(16,731|17,739|15,708
previous submission|23,703(22,960(18,978/19,171|19,273|19,012|18,324|18,606|18,579|16,509|17,831|15,845

absolute change -94.8/ 476| 225 -706| -524| -144| -79.8| -130| 337, 222| -91.2| -137
relative change -0.40%| 2.07%| 1.19%|-3.68%|-2.72%|-0.76%|-0.44%|-0.70%| 1.81%| 1.34%|-0.51%|-0.87%
BIOGASOLINE

current submission 159, 742\ 777\ 790| 779 796 773| 837 772 820, 746
previous submission 159\ 737, 774| 787 776 793| 767 833| 778 826 748
absolute change 0.06| 4.83| 3.13] 2.98| 2.68/ 2.68 6.44| 4.51| -5.91| -6.47| -2.39
relative change 0.04%| 0.66%| 0.40%| 0.38%| 0.34%| 0.34%| 0.84%| 0.54%|-0.76%|-0.78%|-0.32%

TOTAL<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>