CLIMATE CHANGE

Submission under the
United Nations
Framework Convention
on Climate Change and
the Kyoto Protocol 2023

National Inventory Report for the German Greenhouse
Gas Inventory 1990 - 2021

Umwelt
Bundesamt







CLIMATE CHANGE 29/2023

Submission under the United Nations
Framework Convention on Climate Change
and the Kyoto Protocol 2023

National Inventory Report for the German Greenhouse
Gas Inventory 1990 — 2021



Imprint

Publisher

Umweltbundesamt

Worlitzer Platz 1

06844 Dessau-RoRlau

Tel: +49 340-2103-0

Fax: +49 340-2103-2285
buergerservice@uba.de

Internet: www.umweltbundesamt.de

El/umweltbundesamt.de
W /umweltbundesamt

eport completed in:
April 2023

Edited by:
Section V 1.6 Emission Situation
Dirk Ginther (Section Lead), Patrick Gniffke, Yaman Tarakji (support)

Publication as pdf:
http://www.umweltbundesamt.de/publikationen

ISSN 1862-4359

Dessau-RoRlau, June 2023



CLIMATE CHANGE National Inventory Report, Germany — 2023

Contact

This report was produced in the framework of work of the National Co-ordination Agency (Single Entity) for the National System of

Emissions Inventories (Nationales System Emissionsinventare; NaSE), sited within the German Environment Agency (UBA).

Contributions for the chapters on agriculture, and on land use, land-use changes and forestry, were prepared by the Thiinen Institute

(TD).

The electronic version of this report, along with the pertinent emissions data in the Common Reporting Format (CRF) (Version 1.0,

based on the CSE database, and with trend tables last revised as of 30 November 2022), is available on the website of the German

Environment Agency:

http://www.umweltbundesamt.de /themen /klima-energie /treibhausgas-emissionen

Management of the report as a whole: Dirk Giinther, Patrick Gniffke (UBA V 1.6)

Supporting editor: Yaman Tarakji (UBAV 1.6)

For the individual chapters:

Part I: Annual deliveries for the inventories [ip = in part]:

Chapter 1.1

Chapters 1.2.1 & 1.2.2

Chapters 1.3.2,1.3.3, 1.6 ip

Chapters 1.3.3.1.8, 1.6.2

Chapters 1.3.2.4, 2, 3.2.1, 3.2.3&5, 3.2.13
Chapter 1.4

Chapter 1.5
Chapters 1.7, 1.8

Chapter 3.2

Chapter 3.2.2.2

Chapter 3.2.2.3

Chapter 3.4

Chapters 3.2.6 - 3.2.8,3.2.9.7.2

Chapter 3.2.9.1

Chapters 3.2.9.2 - 3.2.9.3,3.2.9.5,3.29.7 - 3.2.9.11
Chapter 3.2.9.4

Chapter 3.2.10.1

Chapters 3.2.10.2 - 3.2.10.4
Chapter 3.2.10.5

Chapters 3.2.11 + 3.2.13
Chapters 3.2.12 + 3.2.14
Chapter 3.3.1

Chapter 3.3.2

Chapters 4.2.1 - 4.2.2
Chapter 4.2.3
Chapter 4.2.4.1

Dirk Glinther (UBA V 1.6); Thomas Voigt (UBAV 1.1)

Dirk Giinther (UBAV 1.6)

Stephan Schiller (UBA V 1.6)

Robert Kludt (UBA 'V 1.6)

Dirk Giinther (UBAV 1.6)

Dirk Glinther (UBA V 1.6) and the relevant specialised contact persons
(Fachliche Ansprechpartner (FAP))

David Kuntze (UBAV 1.6)

Kevin Hausmann (UBA V 1.6)

Petra Icha Jens Langenfeld (UBA V 1.5), Marion Dreher (UBA V 1.5),
Kristina Juhrich (UBA III 2.1)

Sabine Gores (Oko-Institut Berlin), Michael Kotzulla (UBA V 1.6), Frank
Wetzel (UBA12.2)

Katharina Koppe (UBA I 2.2), Michael Kotzulla (UBA V 1.6)

Michael Kotzulla (UBA V 1.6)

Petra Icha, Jens Langenfeld (UBA V 1.5), Kristina Juhrich (UBA III 2.1)
Petra Icha (UBA V 1.5), Sebastian Plickert (UBA III 2.2)

Petra Icha (UBAV 1.5)

Petra Icha (UBA V 1.5), Almut Reichart (UBA III 2.1)

Sabine Gores (Oko-Institut Berlin), Michael Kotzulla (UBA V 1.6), Frank
Wetzel (UBA12.2)

Gunnar Gohlisch (UBA I 2.2), Michael Kotzulla (UBA V 1.6)

Kristina Juhrich (UBA III 2.1)

Christian Liesegang (UBA III 2.1), Detlef Drosihn (UBA V 1.5)

Michael Kotzulla (UBA V 1.6)

Christian Bottcher (UBA V 1.6)

Christian Bottcher (UBA V.1.6), Christopher Proske (UBA III 2.1), Karen

Pannier (UBA III 2.1); Andreas Bertram (UBA V 1.3); Charlotte Grosse (DBI

GuT)

Maja Bernicke (UBA III 2.2)
Sandra Leuthold (UBA III 2.2)
Til Bolland (UBAIII 2.2)

3 of 974
14/04/2023


http://www.umweltbundesamt.de/themen/klima-energie/treibhausgas-emissionen

CLIMATE CHANGE National Inventory Report, Germany — 2023

Chapters 4.2.4.2 - 4.2.4.4
Chapters 4.3.1 & 4.3.2
Chapter 4.3.3

Chapter 4.3.4

Chapters 4.3.5-4.3.6
Chapter 4.3.7

Chapters 4.3.8 & 4.3.10

Chapter 4.3.9
Chapter 4.4.1
Chapter 4.4.2
Chapter 4.4.3

Chapter 4.4.4
Chapters 4.5.1 & 4.5.2
Chapter 4.5.3
Chapters 4.5.4 & 4.5.5
Chapter 4.5.6
Chapter 4.6

Chapter 4.7

Chapters 4.8.1,4.8.2 & 4.8.4
Chapter 4.8.5
Chapter 4.9.3
Chapter 5

Chapter 6.1

Chapters 6.2 through 6.3

Chapter 6.4

Chapters 6.5 through 6.9 and 6.11

Chapter 6.10
Chapter 7.2
Chapter 7.3
Chapter 7.4.1
Chapter 7.4.2
Chapter 7.5.1
Chapter 7.5.2
Chapter 7.6.1
Chapter 9
Chapter 10

Robert Kludt (UBA V 1.6)

Anna Koska (UBAIII 2.1)

Jens Reichel (UBA V 1.6), Traute Fiedler (UBA III 2.1)

Jens Reichel (UBA V 1.6), Traute Fiedler (UBA 11l 2.1)

Anna Koska (UBA Il 2.1)

Robert Kludt (UBA V 1.6)

Jens Reichel (UBAV 1.6), Traute Fiedler (UBA III 2.1), Christian Bottcher
(V.1.6)

Cornelia Elsner (UBA 111 1.4)

Sebastian Plickert (UBA 111 2.2)

Christian Lehmann (UBA 111 2.2)

Christian Lehmann (UBA III 2.2), Cornelia Elsner (UBA III 1.4), Kerstin
Martens (UBA 111 1.4)

Cornelia Elsner (UBA III 1.4), Kerstin Martens (UBA 11 1.4)

Jens Reichel (UBA V 1.6), Michael Kotzulla (UBAV 1.6)

Folke Dettling, Conrad Dorer (UBA III 1.4), David Kuntze (UBA V 1.6)
Robert Kludt (UBAV 1.6

Michael Kotzulla (UBA 'V 1.6)

Cornelia Elsner (UBA III 1.4), Kerstin Martens (UBA I1I 1.4)

Kerstin Martens (UBA III 1.4), Cornelia Elsner (UBA III 1.4)

Cornelia Elsner (UBA III 1.4), Kerstin Martens (UBA I1I 1.4)

Jens Reichel (UBA V 1.6)

Kerstin Martens (UBA III 1.4), Cornelia Elsner (UBA III 1.4)

Thiinen Institute of Climate-Smart Agriculture (TI-AK): Cora Vos, Claus
Rosemann, Roland Fufs; Ulrike Doring (UBA V 1.6)

Johann Heinrich von Thiinen Institute, Federal Research Institute for Rural
Areas, Forestry and Fisheries (TI): Andreas Gensior, Roland Fuf3, Karsten

Dunger, Wolfgang Stiimer; Ulrike Déring (UBA V 1.6)

Johann Heinrich von Thiinen Institute (TI): Andreas Gensior, Roland Fuf,
Andreas Laggner, Birgit Laggner, Wolfgang Stiimer, Sascha Adam, Karsten
Dunger; Ulrike Doring (UBA V 1.6)

Thiinen Institute of Forest Ecosystems (TI-WO): Wolfgang Stiimer, Karsten
Dunger, Thomas Riedel, Daniel Ziche, Erik Griineberg, Nicole Wellbrock,
Katja Oehmichen, Sascha Adam; Ulrike Doring (UBA V 1.6)

Thiinen Institute of Climate-Smart Agriculture (TI-AK): Andreas Gensior,

Roland Fuf}, Andreas Laggner; Ulrike Doring (UBA V 1.6)

Thiinen Institute of Wood Research (TI-HF): Sebastian Riiter
Wolfgang Butz (UBA 111 2.4)

Tim Hermann (UBA III 2.4)

Sue-Martina Starke (UBA 111 2.4)

Robert Kludt (UBA V 1.6)

Kai Kessler (UBA III 2.5), Stephan Schiller (UBAV 1.6)

Ulrich Gromke (UBA 111 2.1)

Wolfgang Butz (UBA 11 2.4)

Dirk Giinther (UBA 'V 1.6)

Michael Kotzulla (UBA V 1.6)

4 of 974
14/04/2023



CLIMATE CHANGE National Inventory Report, Germany — 2023

Part II: Supplementary information as required pursuant to Article 7 (1) of the Kyoto Protocol

Chapters 11

Annexes:

Annex 1

Annex 2

Annex 2, Chapter 15.7
Annex 3

Annex 3, Chapter 16.1.2
Annex 3, Chapter 16

Annex 4
Annex 5

Annex 6

Annex 6, Chapter 19.1.2
Annex 6, Chapter 19.1.3
Annex 6, Chapters 19.1.4 & 5
Annex 6, Chapter 19.4

Annex 7

German Emissions Trading Authority (DEHSt):

Christian Mielke (UBA V 1.6)

Marion Dreher (UBA V 1.5),

Kristina Juhrich (UBA III 2.1), Christian Boéttcher (UBA V 1.6)
Authors in keeping with specialised responsibility in Chapters 3-15
Michael Kotzulla (V 1.6)

Johann Heinrich von Thiinen Institute (TI): Cora Vos, Claus Résemann,
Roland Fuf}

Michael Kotzulla (UBA 'V 1.6)

Robert Kludt (UBA V 1.6)

Dirk Giinther (UBA V 1.6), Authors in keeping with specialised
responsibility

Stephan Schiller (UBA V 1.6)

Kevin Hausmann (UBA V 1.6)

Christian Mielke (UBA V 1.6)

Michael Kotzulla (UBA 'V 1.6)

Kevin Hausmann (UBA V 1.6)

50f 974
14/04/2023



CLIMATE CHANGE National Inventory Report, Germany — 2023

Contents

List of Figures

List of Tables

List of Abbreviations

Units and Sizes

Reading the introductory information tables

0 Summary (ES)

0.1 Background information on greenhouse-gas inventories and climate change (ES.1)
0.1.1 Background information about climate change (ES.1.1)
0.1.2 Background information about greenhouse-gas inventories (ES.1.2)

0.2 Summary overview of emissions of greenhouse gases and their removals in sinks (ES.2)
0.3 Summary of emissions estimates, and of trends for source and sink groups (ES.3)

1 Introduction

1.1 Background information on greenhouse-gas inventories and climate change
1.1.1 Background information about climate change
1.1.2 Background information about greenhouse-gas inventories

1.2 Description of institutionalisation of inventory preparation, including the legal and
procedural definitions relative to the planning, preparation and management of the

inventory
1.2.1 Overview of the institutional, legal and procedural arrangements made for preparation

of greenhouse-gas inventories
1.2.1.1 The National Co-ordinating Committee
1.2.1.2 Single National Entity (co-ordination agency) for the National System
1.2.13 Working Group on Emissions Inventories, in the German Environment Agency
1.2.1.4 Co-operation by the Single National Entity with other federal institutions and with

non-governmental organisations, in the framework of reporting
1.2.15 Binding schedule for productionof emissions inventories
1.2.2 Overview of inventory planning
1.2.3 Overview of inventory preparation and management
1.3 Inventory preparation
1.3.1 Greenhouse-gas inventory

13.1.1 Preliminary/upstream processes

1.3.1.1.1 Improvement of the national institutional arrangements

1.3.1.1.2 Implementation of improvements in inventory planning and inventory
preparation

1.3.1.1.3 Determination of key categories (pursuant to Tier 1)

1.3.1.14 Calculation and aggregation of uncertainties relative to emissions

1.3.1.1.5 Expanded determination of key categories

1.3.2 Data collection, processing and storage

1.3.2.1 Definition of bases for calculation

1.3.2.2 Data collection

1.3.2.3 Data preparation and emissions calculation

1324 Report preparation

1.3.3 Procedures for quality assurance and quality control (QA/QC), and detailed review of

greenhouse-gas inventories

1.3.3.1 The Quality System for Emissions Inventories

1.3.3.1.1 Directive 11/2005 of the German Environment Agency

1.3.3.1.2 Minimum requirements pertaining to a system for quality control and assurance

1.3.3.1.3 Start-up organisation for establishing the Quality System for Emissions
Inventories

1.3.3.14 The process organisation of the Quality System for Emissions Inventories

1.3.3.1.5 Execution of QC/QA measures, and control and documentation of such measures
within the Quality System for Emissions Inventories

1.3.3.1.6 The QSE handbook

1.3.3.1.7 Support for the UNFCCC review

1.3.3.1.8 Use of EU ETS monitoring data for improvement of GHG-emissions inventories

1.4 Short, general description of the methods and data sources used
1.4.1 Data sources

6 of 974
14/04/2023

29
34
52
59
60

61
62
62
62
63
66

69

69
69

72

73
74
74
76

76
78
79
80
81
81
81
81

82
82
82

83
83

84
85

86
86
87

87
90

90
93
93
93
95
95



CLIMATE CHANGE National Inventory Report, Germany — 2023

14.1.1 Energy

1.4.1.2 Industrial processes

1.4.1.3 Agriculture

1.4.1.4 Land-use changes and forestry

1.4.1.5 Waste and wastewater

1.4.2 Methods

1.5 Brief description of key categories

1.5.1 Greenhouse-gas inventory (with and without LULUCF)

1.6 Information regarding the quality assurance and quality control plan, the inventory plan
(including verification) and management of confidential information

1.6.1 AQuality assurance and quality control procedures

1.6.1.1 QC/QA plan

1.6.1.2 QC/QA checklists

1.6.1.3 Inventory plan

16.14 Audit

1.6.1.5 Workshops on the National System (Peer Review)

1.6.1.6 Cross-Country Review on fluorinated gases

1.6.2 Activities for verification

1.6.2.1 Verification in selected categories

1.6.2.2 Verification of the national inventory with the help of independent data

1.6.2.3 Procedure for using monitoring data from European emissions trading

1.6.3 Handling of confidential information

1.7 General estimation of uncertainties

1.7.11 Procedures for uncertainties determination

1.7.1.2 Results of uncertainties assessment

1.8 General checking of completeness

2 Trends in Greenhouse Gas Emissions

2.1 Description and interpretation of trends in aggregated greenhouse-gas emissions

2.2 Description and interpretation of emission trends, by greenhouse gases

2.2.1 Carbon dioxide (CO,)

2.2.2 Nitrous oxide N,O

2.2.3 Methane (CHy)

2.2.4 Fgases

2.3 Description and interpretation of emission trends, by greenhouse gases

2.4 Description and interpretation of trends in emissions of indirect greenhouse gases and of
SO,

3 Energy (CRF Sector 1)
3.1 Overview (CRF Sector 1)
3.2 Combustion of fuels (1.A)

3.2.1 Verification of the sectoral approach for CRF 1.A

3.2.11 Comparison with the CO, Reference Approach

3.2.1.2 Verification with other data sets available for Germany

3.2.2 International bunker fuels

3.2.2.1 Emissions from international transports (1.D.1.a/1.D.1.b)

3.2.2.2 Emissions from international civil aviation (1.D.1.a)

3.2.2.2.1 Category description (1.D.1.a)

3.2.2.2.2 Methodological issues (1.D.1.a)

3.2.2.2.3 Uncertainties and time-series consistency (1.D.1.a)

3.2.2.24 Category-specific quality assurance / control and verification (1.D.1.a)
3.2.2.2.5 Category-specific recalculations (1.D.1.a)

3.2.2.2.6 Category-specific planned improvements (1.D.1.a)

3.2.2.3 Emissions from international water-borne navigation (1.D.1.b)

3.2.2.3.1 Category description (1.D.1.b)

3.2.2.3.2 Methodological issues (1.D.1.b)

3.2.2.3.3 Uncertainties and time-series consistency (1.D.1.b)

3.2.2.34 Category-specific quality assurance / control and verification (1.D.1.b)
3.2.2.3.5 Category-specific recalculations (1.D.1.b)

3.2.2.3.6 Category-specific planned improvements (1.D.1.b)

3.2.3 Analysis of CO, emissions from non-energy-related use of fuels
3.2.4 Public electricity and heat production (1.A.1.a)

7 of 974
14/04/2023

95

98
101
102
103
104
104
104

109
109
109
110
110
113
115
116
116
116
116
117
118
119
120
122

122

125
127

128
128
130
130
130

131

133

136
136

136
140
140
141
143
143
143
143
143
144
144
144
145
146
146
146
147
147
147
148
148
151



CLIMATE CHANGE National Inventory Report, Germany — 2023

3.241
3.2.4.2
3.2.43
3.2.4.3.1
3.24.3.2
3.2.4.3.3
3.24.3.4
3.244
3.2.45
3.2.46

Category description (1.A.1.a)
Methodological issues (1.A.1.a)
Uncertainties and time-series consistency (1.A.1.a)
Methods for determining uncertainties of emission factors
Result for N;O
Result for CH,4
Time-series consistency of the emission factors
Category-specific quality assurance / control and verification (1.A.1.a)
Category-specific recalculations (1.A.1.a)
Category-specific planned improvements (1.A.1.a)

3.2.5 Petroleum refining (1.A.1.b)

3.251
3.25.2
3.2.5.3
3.2.5.3.1
3.2.5.3.2
3.25.3.3
3.254
3.255
3.2.5.6

Category description (1.A.1.b)
Methodological issues (1.A.1.b)
Uncertainties and time-series consistency (1.A.1.b)
Result for N,O
Result for CH,4
Time-series consistency of emission factors
Category-specific quality assurance / control and verification (1.A.1.b)
Category-specific recalculations (1.A.1.b)
Category-specific planned improvements (1.A.1.b)

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

3.2.6.1
3.2.6.2
3.2.6.3
3.2.6.3.1
3.2.6.3.2
3.2.6.3.3
3.2.64
3.2.6.5
3.2.6.6

Category description (1.A.1.c)
Methodological issues (1.A.1.c)
Uncertainties and time-series consistency (1.A.1.c)
Result for N;O
Result for CH,
Time-series consistency of emission factors
Category-specific quality assurance / control and verification (1.A.1.c)
Category-specific recalculations (1.A.1.c)
Planned improvements (category-specific) (1.A.1.c)

3.2.7 Manufacturing industries and construction (1.A.2)

3.2.71

3.2.7.1.1
3.2.7.1.2
3.2.7.1.3
3.2.7.14
3.2.7.1.5
3.2.7.1.6
3.2.7.2

3.2.7.2.1
3.2.7.2.2
3.2.7.2.3
3.2.7.24
3.2.7.2.5
3.2.7.2.6
3.2.7.3

3.2.74

3.2.7.4.1
3.2.7.4.2
3.2.7.4.3
3.2.7.4.4
3.2.74.5
3.2.7.4.6
3.2.7.5

3.2.7.5.1
3.2.7.5.2
3.2.7.5.3
3.2.7.5.4
3.2.7.5.5
3.2.7.5.6
3.2.7.6

3.2.7.6.1
3.2.7.6.1

Manufacturing industries and construction —iron and steel (1.A.2.a)
Category description (1.A.2.a)
Methodological issues (1.A.2.a)
Uncertainties and time-series consistency (1.A.2.a)
Category-specific quality assurance / control and verification (1.A.2.a)
Category-specific recalculations (1.A.2.a)
Category-specific planned improvements (1.A.2.a)
Manufacturing industries and construction — non-ferrous metals (1.A.2.b)
Category description (1.A.2.b)
Methodological issues (1.A.2.b)
Uncertainties and time-series consistency (1.A.2.b)
Category-specific quality assurance / control and verification (1.A.2.b)
Category-specific recalculations (1.A.2.b)
Category-specific planned improvements (1.A.2.b)
Manufacturing industries and construction — Chemicals (1.A.2.c)
Manufacturing industries and construction — Pulp, paper and print (1.A.2.d)
Category description (1.A.2.d)
Methodological issues (1.A.2.d)
Uncertainties and time-series consistency (1.A.2.d)
Category-specific quality assurance / control and verification (1.A.2.d)
Category-specific recalculations (1.A.2.d)
Category-specific planned improvements (1.A.2.d)
Manufacturing industries and construction — Sugar production (1.A.2.e)
Category description (1.A.2.e)
Methodological issues (1.A.2.e)
Uncertainties and time-series consistency (1.A.2.e)
Category-specific quality assurance / control and verification (1.A.2.e)
Category-specific recalculations (1.A.2.e)
Category-specific planned improvements (1.A.2.e)
Manufacturing industries and construction — Non-metallic minerals industry (1.A.2.f)
Category description (1.A.2.f, Non-metallic minerals industry)
Methodological issues (1.A.2.f, Non-metallic minerals industry)

8 of 974
14/04/2023

151
153
158
159
159
159
160
160
160
161
161
161
162
163
163
163
163
164
164
164
165
165
167
168
168
168
169
169
169
169
169
170
171
172
173
173
173
173
173
173
174
174
174
174
174
174
175
175
176
176
176
176
176
177
177
177
177
177
177
178
178
178
179



CLIMATE CHANGE National Inventory Report, Germany — 2023

3.2.7.6.2

3.2.7.6.3

3.2.7.64
3.2.7.6.5

3.2.7.7

3.2.7.7.1
3.2.7.7.2
3.2.7.7.3
3.2.7.7.4

3.2.7.7.5
3.2.7.7.6
3.2.7.8

3.2.7.8.1
3.2.7.8.2
3.2.7.8.3
3.2.7.84
3.2.7.8.5
3.2.7.8.6

Uncertainties and time-series consistency (1.A.2.f, Non-metallic minerals
industry)
Category-specific quality assurance / control and verification (1.A.2.f, Non-
metallic minerals industry)
Category-specific recalculations (1.A.2.f, Non-metallic minerals industry)
Planned improvements (category-specific) (1.A.2.f, Non-metallic minerals
industry)
Manufacturing industries and construction — Other energy production (1.A.2.g,
Other, stationary + mobile)
Category description (1.A.2.g Other, stationary)
Methodological issues (1.A.2.g Other, stationary)
Uncertainties and time-series consistency (1.A.2.g, Other, stationary)

Category-specific quality assurance / control and verification (1.A.2.g, Other,

stationary)

Category-specific recalculations (1.A.2.g, Other, stationary)

Planned improvements (category-specific) (1.A.2.g, Other, stationary)
Construction-sector transports (1.A.2.g vii)

Category description (1.A.2.g vii)

Methodological issues (1.A.2.g vii)

Uncertainties and time-series consistency (1.A.2.g vii)

Category-specific quality assurance / control and verification (1.A.2.g vii)

Category-specific recalculations (1.A.2.g vii)

Planned improvements (category-specific) (1.A.2.g vii)

3.2.8 Transport (1.A.3)

3.28.1

3.2.8.1.1
3.28.1.2
3.28.1.3
3.28.14
3.28.1.5
3.2.8.1.6
3.2.8.2

3.2.8.2.1
3.2.82.2
3.28.2.3
3.28.24
3.28.2.5
3.2.8.2.6
3.2.8.3

3.2.8.3.1
3.2.8.3.2
3.2.8.3.3
3.2.8.34
3.28.3.5
3.2.8.3.6
3.2.84

3.2.84.1
3.2.84.2
3.2.84.3
3.2.84.4
3.2.84.5
3.2.8.4.6
3.2.85

3.2.8.5.1
3.2.8.5.2
3.2.8.5.3
3.2854
3.28.5.5
3.2.8.5.6

3.2.9 Other: Residential, commercial/institutional, agriculture, forestry and fisheries (1.A.4

Transport — Domestic aviation (1.A.3.3)
Category description (1.A.3.a)
Methodological issues (1.A.3.a)
Uncertainties and time-series consistency (1.A.3.a)
Category-specific quality assurance / control and verification (1.A.3.a)
Category-specific recalculations (1.A.3.a)
Category-specific planned improvements (1.A.3.a)
Transport — Road transportation (1.A.3.b)
Category description (1.A.3.b)
Methodological issues (1.A.3.b)
Uncertainties and time-series consistency (1.A.3.b)
Category-specific quality assurance / control and verification (1.A.3.b)
Category-specific recalculations (1.A.3.b)
Category-specific planned improvements (1.A.3.b)
Transport — Railways (1.A.3.c)
Category description (1.A.3.c)
Methodological issues (1.A.3.c)
Uncertainties and time-series consistency (1.A.3.c)
Category-specific quality assurance / control and verification (1.A.3.c)
Category-specific recalculations (1.A.3.c)
Category-specific planned improvements (1.A.3.c)
Transport — Water-borne navigation (1.A.3.d)
Category description (1.A.3.d)
Methodological issues (1.A.3.d)
Uncertainties and time-series consistency (1.A.3.d)
Category-specific quality assurance / control and verification (1.A.3.d)
Category-specific recalculations (1.A.3.d)
Category-specific planned improvements (1.A.3.d)
Transport — Other transportation (1.A.3.e)
Category description (1.A.3.e)
Methodological issues (1.A.3.e)
Uncertainties and time-series consistency (1.A.3.e)
Category-specific quality assurance / control and verification (1.A.3.e)
Category-specific recalculations (1.A.3.e)
Category-specific planned improvements (1.A.3.e)

Stationary)

3.29.1
3.29.2

Category description (1.A.4 stationary)
Methodological issues (1.A.4, stationary)
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3.2.9.3 Uncertainties and time-series consistency (1.A.4, stationary)

3.29.4 Category-specific QA/QC and verification (1.A.4, stationary)

.9.5 Category-specific recalculations (1.A.4, stationary)

.9.6 Planned improvements, category-specific (1.A.4, stationary)

.10 Other: Residential, commercial/institutional, agrlculture, forestry and fisheries (1.A.4
mobile)

W W W
NNN

3.2.10.1 Category description (1.A.4 mobile)

3.2.10.2 Methodological issues (1.A.4 mobile)

3.2.10.3 Uncertainties and time-series consistency (1.A.4 mobile)
3.2.10.4 Category-specific QA/QC and verification (1.A.4 mobile)
3.2.10.5 Category-specific recalculations (1.A.4 mobile)

3.2.10.6  Category-specific planned improvements (1.A.4 mobile)
3.2.11 Other sectors (1.A.5.a stationary)

3.2.11.1 Category description (1.A.5.a stationary)

3.2.11.2 Methodological issues (1.A.5.a, stationary)

3.2.11.3 Uncertainties and time-series consistency (1.A.5.a, stationary)
3.2.11.4 Category-specific QA/QC and verification (1.A.5.3, statlonary)
3.2.11.5 Category-specific recalculations (1.A.5.a, stationary)

3.2.11.6  Planned improvements, category-specific (1.A.5.a, stationary)
3.2.12 Other (1.A.5.b Mobile)

3.2.12.1 Category description (1.A.5.b mobile)

3.2.12.2 Methodological issues (1.A.5.b mobile)

3.2.12.3 Uncertainties and time-series consistency (1.A.5.b mobile)
3.2.12.4 Category-specific QA/QC and verification (1.A.5.b mobile)
3.2.12.5 Category-specific recalculations (1.A.5.b Mobile)

3.2.12.6 Category-specific planned improvements (1.A.5.b Mobile)

3.2.13 Military

3.3 Fugitive emissions from fuels (1.B)

3.3.1 Solid fuels — coal mining and handling (1.B.1)
3.3.11 Underground mining — hard coal

3.3.1.2 Open-pit mining — lignite

3.3.1.2.1 Category description (open-pit mining — lignite)

3.3.1.2.2 Methods (open-pit mining — lignite)

3.3.1.2.3 Uncertainties and time-series consistency (open-pit mining — lignite)

3.3.1.24 Category-specific quality assurance/control and verification (open-pit mining —
lignite)

3.3.1.3 Decommissioned hard-coal mines
3.3.14 Solid fuel transformation

3.3.1.4.1 Category description (solid fuel transformation)

3.3.1.4.2 Methodological aspects (solid fuel transformation)

3.3.1.4.3 Uncertainties and time-series consistency (solid fuel transformation)

3.3.1.44 Category-specific quality assurance / control and verification (solid fuel
transformation)

3.3.15 Category-specific recalculations (1.B.1 all)

3.3.16 Planned improvements, category-specific (1.B.1 all)

3.3.2 Oil and natural gas and fugitive emissions from energy production (1.B.2)
3.3.21 Oil (1.B.2.a)

3.3.2.1.1 "Oil, Exploration" (1.B.2.a.i)

3.3.21.1.1 Category description, "Qil, exploration" (1.B.2.a.i)

3.3.2.1.1.2 Methodological aspects of the category "Qil, exploration" (1.B.2.a.i)

3.3.2.1.13 Uncertainties and time-series consistency, category "Qil, exploration" (1.B.2.a.i)

3.3.2.1.1.4 Category-specific quality assurance / control and verification, category "Qil,
exploration" (1.B.2.a.i)

3.3.2.1.2 "0il, production and preprocessing" (1.B.2.a.ii)

3.3.2.1.211 Category description, "Qil, production and preprocessing" (1.B.2.a.ii)

3.3.2.1.2.2 Methodological aspects of the category "Qil, production and preprocessing"
(1.B.2.a.ii)

3.3.2.1.23 Uncertainties and time-series consistency in the category "Qil, production and
preprocessing" (1.B.2.a.ii)

3.3.2.1.24 Category-specific quality assurance / control and verification for the category "Qil,

production and preprocessing" (1.B.2.a.ii)
3.3.2.1.3 "Oil, transport" (1.B.2.a.iii)
3.3.21.3.1 Category description, "Qil, transport" (1.B.2.a.iii)
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3.3.2.13.2
3.3.2133

3.3.2.1.34

33214

332141
3.3.2.1.4.2
3.3.2143

33.2.14.4

3.3.2.1.5
3.3.21.51
3.3.2.1.5.2

3.3.2.153

3.3.2.1.54

3.3.2.2
3.3.2.2.1
33.2.21.1
3.3.2.21.2
3.3.2.213

3.3.22.14

3.3.2.2.2

33.2.221
3.3.2.2.2.2
3.3.2.2.23

3.3.22.24

3.3.2.2.3
33.2231
3.3.2.23.2
3.3.2.233
3.3.2234
3.3.2.24
332241
3.3.2.24.2
3.3.2.243
3.3.2244
3.3.2.2.5
3.3.2.251
3.3.2.25.2
3.3.2.253
3.3.2254
3.3.2.2.6
3.3.2.26.1
3.3.2.2.6.2
3.3.2.263
3.3.2.26.4
3.3.2.3
3.3.23.1.1
3.3.23.1.2
3.3.23.13

33.23.1.4

3.3.24

Methodological aspects of the category "Qil, transport" (1.B.2.a.iii) 250
Uncertainties and time-series consistency in the category "Qil, transport" (1.B.2.a.iii)
251
Category-specific quality assurance / control and verification for the category "QOil,
transport" (1.B.2.a.iii) 251
"Oil, refining and storage" (1.B.2.a.iv) 251
Category description, "Qil, refining and storage" (1.B.2.a.iv) 251
Methodological aspects of the category "Qil, refining and storage" (1.B.2.a.iv) 253
Uncertainties and time-series consistency in the category "Qil, refining and storage"
(1.B.2.a.iv) 254
Category-specific quality assurance / control and verification for the category "Qil,
refining and storage" (1.B.2.a.iv) 254
"Oil, distribution of oil products" (1.B.2.a.v) 255
Category description, "Qil, distribution of oil products" (1.B.2.a.v) 255
Methodological aspects of the category "Qil, distribution of oil products" (1.B.2.a.v)
256

Uncertainties and time-series consistency in the category "Qil, distribution of oil
products" (1.B.2.a.v) 258
Category-specific quality assurance / control and verification for the category "Qil,
distribution of oil products" (1.B.2.a.v) 258

Natural gas (1.B.2.b) 259
"Natural gas, exploration” (1.B.2.b.i) 259
Category description, "Natural gas, exploration" (1.B.2.b.i) 259
Methodological aspects of the category "Natural gas, exploration" (1.B.2.b.i) 259
Uncertainties and time-series consistency of the category "Natural gas, exploration"
(1.B.2.b.i) 259
Category-specific quality assurance / control and verification, category "Natural gas,
exploration" (1.B.2.b.i) 259
"Natural gas, production” (1.B.2.b.ii) 259
Category description, "Natural gas, production" (1.B.2.b.ii) 259
Methodological aspects of the category "Natural gas, production" (1.B.2.b.ii) 260
Uncertainties and time-series consistency of the category "Natural gas, production”
(1.B.2.b.ii) 260
Category-specific quality assurance / control and verification, category "Natural gas,
production" (1.B.2.b.ii) 260
Natural gas, processing (1.B.2.b.iii) 261
Category description (1.B.2.b.iii) 261
Methodological issues (1.B.2.b.iii) 262
Uncertainties and time-series consistency (1.B.2.b.iii) 262
Category-specific quality assurance / control and verification (1.B.2.b.iii) 262
Gas, transmission (1.B.2.b.iv) 263
Category description (1.B.2.b.iv) 263
Methodological issues (1.B.2.b.iv) 264
Uncertainties and time-series consistency (1.B.2.b.iv) 265
Category-specific quality assurance / control and verification (1.B.2.b.iv) 265
Natural gas, distribution (1.B.2.b.v) 266
Category description (1.B.2.b.v) 266
Methodological issues (1.B.2.b.v) 267
Uncertainties and time-series consistency (1.B.2.b.v) 268
Category-specific quality assurance / control and verification (1.B.2.b.v) 268
Natural gas, other leakage (1.B.2.b.vi) 268
Category description (1.B.2.b.vi) 269
Methodological issues (1.B.2.b.vi) 269
Uncertainties and time-series consistency (1.B.2.b.vi) 270
Category-specific quality assurance / control and verification (1.B.2.b.vi) 270

Venting and flaring (1.B.2.c) 270
Category description, "Venting and flaring" (1.B.2.c) 270
Methodological aspects of the category "Venting and flaring" (1.B.2.c) 272
Uncertainties and time-series consistency for the category "Venting and flaring"
(1.B.2.c) 273
Category-specific quality assurance / control and verification, category "Venting and
flaring" (1.B.2.c) 273

Geothermal energy (1.B.2.d) 273
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3.3.24.1
3.3.24.2
3.3.24.3
3.3.24.4
3.3.25
3.3.2.6

Category description (1.B.2.d)

Methodological issues (1.B.2.d)

Uncertainties and time-series consistency (1.B.2.d)

Category-specific quality assurance / control and verification (1.B.2.d)
Category-specific recalculations (1.B.2 all)
Planned improvements, category-specific (1.B.2 all)

3.4 CO; capture and storage (CCS) (CRF 1.C)

4 Industrial processes (CRF Sector 2)
4.1 Overview (CRF Sector 2)

4.2 Mineral industry (2.A)
4.2.1 Mineral industry: Cement production (2.A.1)

42.1.1
4.2.1.2
4.2.13
42.1.4
4.2.15
4.2.1.6

Category description (2.A.1)

Methodological issues (2.A.1)

Uncertainties and time-series consistency (2.A.1)

Source-specific quality assurance / control and verification (2.A.1)
Category-specific recalculations (2.A.1)

Category-specific planned improvements (2.A.1)

4.2.2 Mineral industry: Lime production (2.A.2)

4221
4.2.2.2
4.2.2.3
4.2.2.4
4.2.2.5
4.2.2.6

Category description (2.A.2)

Methodological issues (2.A.2)

Uncertainties and time-series consistency (2.A.2)

Source-specific quality assurance / control and verification (2.A.2)
Category-specific recalculations (2.A.2)

Category-specific planned improvements (2.A.2)

4.2.3 Mineral industry: Glass production (2.A.3)

4.23.1
4.2.3.2
4.2.3.3
4234
4.2.3.5
4.2.3.6

Category description (2.A.3 Glass production)
Methodological issues (2.A.3 Glass production)
Uncertainties and time-series consistency (2.A.3 Glass production)

Category-specific quality assurance / control and verification (2.A.3 Glass production)

Category-specific recalculations (2.A.3 Glass production)
Planned improvements, category-specific (2.A.3 Glass production)

4.2.4 Mineral industry: Other process uses of carbonates (2.A.4)

42.4.1

4.2.4.1.1
4.2.4.1.2
4.2.4.1.3
4.2.4.1.4
4.2.4.1.5
4.2.4.1.6
4.2.4.2

4.2.4.2.1
4.2.4.2.2
4.2.4.2.3
4.2.4.2.4
4.2.4.2.5
4.2.4.2.6
4.2.4.3

4.2.4.3.1
4.2.4.3.2
4.2.4.3.3
4.2.4.3.4
4.2.4.3.5
4.2.4.3.6
4.2.4.4

4.2.4.4.1
4.2.4.4.2
4.2.4.4.3
4.2.4.4.4
4.2.4.4.5
4.2.4.4.6

Mineral industry: Ceramics (2.A.4.a)
Category description (2.A.4.a Ceramics)
Methodological issues (2.A.4.a Ceramics)
Uncertainties and time-series consistency (2.A.4.a Ceramics)
Category-specific quality assurance / control and verification (2.A.4.a Ceramics)
Category-specific recalculations (2.A.4.a Ceramics)
Planned improvements, category-specific (2.A.4.a Ceramics)
Non-metallic minerals industry: other soda ash use (2.A.4.b)
Category description (2.A.4.b)
Methodological issues (2.A.4.b)
Uncertainties and time-series consistency (2.A.4.b)
Source-specific quality assurance / control and verification (2.A.4.b)
Category-specific recalculations (2.A.4.b)
Category-specific planned improvements (2.A.4.b)
Production of non-metallurgical magnesium products (2.A.4.c)
Category description (2.A.4.c)
Methodological issues (2.A.4.c)
Uncertainties and time-series consistency (2.A.4.c)
Source-specific quality assurance / control and verification (2.A.4.c)
Category-specific recalculations (2.A.4.c)
Category-specific planned improvements (2.A.4.c)
Non-metallic minerals industry: other limestone and dolomite use (2.A.4.d)
Category description (2.A.4.d)
Methodological issues (2.A.4.d)
Uncertainties and time-series consistency (2.A.4.d)
Source-specific quality assurance / control and verification (2.A.4.d)
Category-specific recalculations (2.A.4.d)
Category-specific planned improvements (2.A.4.d)

4.3 Chemical industry (2.B)
4.3.1 Chemical industry: Ammonia production (2.B.1)
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43.1.1 Category description (2.B.1)

43.1.2 Methodological issues (2.B.1)

43.1.3 Uncertainties and time-series consistency (2.B.1)

43.1.4 Source-specific quality assurance / control and verification (2.B.1)
4.3.15 Category-specific recalculations (2.B.1)

4.3.1.6 Category-specific planned improvements (2.B.1)

4.3.2 Chemical industry: Nitric acid production (2.B.2)

43.2.1 Category description (2.B.2)

43.2.2 Methodological issues (2.B.2)

4323 Uncertainties and time-series consistency (2.B.2)

43.2.4 Source-specific quality assurance / control and verification (2.B.2)
4.3.2.5 Category-specific recalculations (2.B.2)

4.3.2.6 Category-specific planned improvements (2.B.2)

4.3.3 Chemical industry: Adipic acid production (2.B.3)

43.3.1 Category description (2.B.3)

4332 Methodological issues (2.B.3)

4.3.3.3 Uncertainties and time-series consistency (2.B.3)

4334 Source-specific quality assurance / control and verification (2.B.3)
4335 Category-specific recalculations (2.B.3)

4336 Planned improvements, category-specific (2.B.3)

4.3.4 Chemical industry: Caprolactam, glyoxal and glyoxylic acid (2.B.4)
43.4.1 Category description (2.B.4)

4.3.4.2 Methodological issues (2.B.4)

4.3.4.3 Uncertainties and time-series consistency (2.B.4)

43.4.4 Source-specific quality assurance / control and verification (2.B.4)
4.3.4.5 Category-specific recalculations (2.B.4)

4.3.4.6 Category-specific planned improvements (2.B.4)

4.3.5 Chemical industry: Carbide production (2.B.5)

4.3.5.1 Category description (2.B.5)

4.3.5.2 Methodological issues (2.B.5)

4.3.5.3 Uncertainties and time-series consistency (2.B.5)

4354 Source-specific quality assurance / control and verification (2.B.5)
4355 Category-specific recalculations (2.B.5)

4.3.5.6 Category-specific planned improvements (2.B.5)

4.3.6 Chemical industry: Titanium dioxide production (2.B.6)

4.3.7 Chemical industry: Soda-ash production (2.B.7)

43.7.1 Category description (2.B.7)

43.7.2 Methodological issues (2.B.7)

4373 Uncertainties and time-series consistency (2.B.7)

43.7.4 Source-specific quality assurance / control and verification (2.B.7)
4.3.7.5 Category-specific recalculations (2.B.7)

4.3.7.6 Category-specific planned improvements (2.B.7)

4.3.8 Chemical industry: Petrochemical and carbon black production (2.B.8)
4338.1 Chemical industry: Petrochemicals (2.B.8 Petrochemicals)

4.3.8.1.1 Category description (2.B.8 Petrochemicals)

4.3.8.1.2 Methodological issues (2.B.8 Petrochemicals)

4.3.8.1.3 Uncertainties and time-series consistency (2.B.8 Petrochemical industry)

4.3.8.1.4 Category-specific quality assurance / control and verification (2.B.8
Petrochemical industry)

4.3.8.1.5 Category-specific recalculations (2.B.8 Petrochemical industry)

4.3.8.1.6 Planned improvements, category-specific (2.B.8 Petrochemical industry)

4.3.8.2 Chemical industry: Carbon black production (2.B.8 Carbon black)

4.3.8.2.1 Category description (2.B.8 Carbon black)

4.3.8.2.2 Methodological issues (2.B.8 Carbon black)

4.3.8.2.3 Uncertainties and time-series consistency (2.B.8 Carbon black)

4.3.8.2.4 Category-specific quality assurance / control and verification (2.B.8 Carbon
black)

4.3.8.2.5 Category-specific recalculations (2.B.8 Carbon black)

4.3.8.2.6 Planned improvements, category-specific (2.B.8 Carbon black)

4.3.9 Chemical industry: Production of halocarbons and SF; (2.B.9)
4.3.9.1 By-product emissions (2.B.9.a)

4.3.9.1.1 Category description (2.B.9.a)

4.3.9.1.2 Methodological issues (2.B.9.a)
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4.3.9.1.3
4.3.9.1.4
4.3.9.1.5
4.3.9.1.6
4.3.9.2

4.3.9.2.1
4.3.9.2.2
4.3.9.2.3
4.3.9.2.4
4.3.9.2.5
4.3.9.2.6

Uncertainties and time-series consistency (2.B.9.a)

Source-specific quality assurance / control and verification (2.B.9.a)

Category-specific recalculations (2.B.9.a)

Category-specific planned improvements (2.B.9.a)
Production-related emissions (2.B.9.b)

Category description (2.B.9.b)

Methodological issues (2.B.9.b)

Uncertainties and time-series consistency (2.B.9.b)

Source-specific quality assurance / control and verification (2.B.9.b)

Category-specific recalculations (2.B.9.b)

Category-specific planned improvements (2.B.9.b)

4.3.10 Chemical industry — other: Emissions from other production processes (2.B.10)

4.3.10.1
4.3.10.2
4.3.10.3
4.3.10.4
4.3.10.5
4.3.10.6

Category description (2.B.10)

Methodological issues (2.B.10)

Uncertainties and time-series consistency (2.B.10)

Source-specific quality assurance / control and verification (2.B.10)
Category-specific recalculations (2.B.10)

Category-specific planned improvements (2.B.10)

4.4 Metal production (2.C)
4.4.1 Metal production: Iron and steel production (2.C.1)

44.1.1
44.1.2
44.1.3
4414
44.15
44.1.6

Category description (2.C.1)

Methodological issues (2.C.1)

Uncertainties and time-series consistency (2.C.1)

Source-specific quality assurance / control and verification (2.C.1)
Category-specific recalculations (2.C.1)

Category-specific planned improvements (2.C.1)

4.4.2 Metal production: Ferroalloys production (2.C.2)

4421
4.4.2.2
4.4.2.3
4424
4425
4.4.2.6

Category description (2.C.2)

Methodological issues (2.C.2)

Uncertainties and time-series consistency (2.C.2)

Source-specific quality assurance / control and verification (2.C.2)
Category-specific recalculations (2.C.2)

Category-specific planned improvements (2.C.2)

4.4.3 Metal production: Aluminium production (2.C.3)

4431
4.4.3.2
4433
4434
4.43.5
4.4.3.6

Category description (2.C.3)

Methodological issues (2.C.3)

Uncertainties and time-series consistency (2.C.3)

Source-specific quality assurance / control and verification (2.C.3)
Category-specific recalculations (2.C.3)

Category-specific planned improvements (2.C.3)

4.4.4 Metal production: Magnesium production (2.C.4)

44.4.1
44.4.2
4443
4444
4.4.4.5
4.4.4.6

Category description (2.C.4)

Methodological issues (2.C.4)

Uncertainties and time-series consistency (2.C.4)

Source-specific quality assurance / control and verification (2.C.4)
Category-specific recalculations (2.C.4)

Category-specific planned improvements (2.C.4)

4.4.5 Metal production: Lead (2.C.5)

4.45.1
4.4.5.2
4453
4454
4.4.5.5
4.4.5.6

Category description (2.C.5)

Methodological issues (2.C.5)

Uncertainties and time-series consistency (2.C.5)
Category-specific recalculations (2.C.5)

Source-specific quality assurance / control and verification (2.C.5)
Category-specific planned improvements (2.C.5)

4.4.6 Metal production: Zinc (2.C.6)

4.4.6.1
4.4.6.2
44,63
44.6.4
4.4.6.5
4.4.6.6

Category description (2.C.6)

Methodological issues (2.C.6)

Uncertainties and time-series consistency (2.C.6)
Category-specific recalculations (2.C.6)

Source-specific quality assurance / control and verification (2.C.6)
Category-specific planned improvements (2.C.6)

4.4.7 Metal production: Other (2.C.7)

44.7.1

Category description (2.C.7)

14 of 974
14/04/2023

316
316
317
317
317
317
317
318
318
318
318
318
318
319
319
319
319
319
320
320
320
320
325
326
327
327
327
327
327
328
328
328
328
328
328
329
331
332
332
332
332
332
333
333
334
334
334
334
334
334
335
335
335
335
335
335
335
335
336
336
336
336
336



CLIMATE CHANGE National Inventory Report, Germany — 2023

4.4.7.2 Methodological issues (2.C.7)

44.7.3 Uncertainties and time-series consistency (2.C.7)

4.4.7.4 Category-specific recalculations (2.C.7)

4.4.7.5 Source-specific quality assurance / control and verification (2.C.7)

4.4.7.6 Category-specific planned improvements (2.C.7)

4.5 Use of non-energy-related products from fuels and solvents (2.D)

4.5.1 Lubricant use (2.D.1)

45.1.1 Category description (2.D.1)

45.1.2 Methodological issues (2.D.1)

45.1.3 Uncertainties and time-series consistency (2.D.1)

45.1.4 Category-specific recalculations (2.D.1)

45.1.5 Source-specific quality assurance / control and verification (2.D.1)

45.1.6 Category-specific planned improvements (2.D.1)

4.5.2 Paraffin wax use (2.D.2)

45.2.1 Category description (2.D.2)

4.5.2.2 Methodological issues (2.D.2)

45.2.3 Uncertainties and time-series consistency (2.D.2)

4524 Category-specific recalculations (2.D.2)

45.2.5 Source-specific quality assurance / control and verification (2.D.2)

45.2.6 Category-specific planned improvements (2.D.2)

4.5.3 Other: Solvents — NMVOC (2.D.3 Solvents)

453.1 Category description (2.D.3 Solvents)

4532 Methodological issues (2.D.3 Solvents)

4533 Uncertainties and time-series consistency (2.D.3 Solvents)

4534 Category-specific quality assurance / control and verification (2.D.3 Solvents)

4535 Category-specific recalculations (2.D.3 Solvents)

4536 Planned improvements, category-specific (2.D.3 Solvents)

4.5.4 Other: Bitumen for roofing (2.D.3 Bitumen)

4541 Category description (2.D.3 Bitumen)

45.4.2 Methodological issues (2.D.3 Bitumen)

45.4.3 Uncertainties and time-series consistency (2.D.3 Bitumen)

45.4.4 Category-specific quality assurance / control and verification (2.D.3 Bitumen)

4.5.4.5 Category-specific recalculations (2.D.3 Bitumen)

4.5.4.6 Planned improvements, category-specific (2.D.3 Bitumen)

4.5.5 Other: Road paving with asphalt (2.D.3 Asphalt)

455.1 Category description (2.D.3 Asphalt)

455.2 Methodological aspects (2.D.3 Asphalt)

455.3 Uncertainties and time-series consistency (2.D.3 Asphalt)

4554 Category-specific quality assurance / control and verification (2.D.3 Asphalt)

4.5.5.5 Category-specific recalculations (2.D.3 Asphalt)

4.5.5.6 Planned improvements, category-specific (2.D.3 Asphalt)

4.5.6 CO; emissions from use of AdBlue® in road transports and off-road vehicles (2.D.3
Other: AdBlue®)

456.1 Category description (2.D.3 Other: AdBlue)

45.6.2 Methodological issues (2.D.3 Other: AdBlue)

4.5.6.3 Uncertainties and time-series consistency (2.D.3 Other: AdBlue®)

45.6.4 Category-specific quality assurance / control and verification (2.D.3 Other: AdBlue®)

4.5.6.5 Category-specific recalculations (2.D.3 Other: AdBlue®)

4.5.6.6 Planned improvements, category-specific (2.D.3 Other: AdBlue®)

4.6 Electronics industry (2.E)

4.6.1 Semiconductor and circuit-board production (2.E.1)

46.1.1 Category description (2.E.1)

46.1.2 Methodological issues (2.E.1)

4.6.1.3 Uncertainties and time-series consistency (2.E.1)

4.6.1.4  Category-specific recalculations (2.E.1)

4.6.1.5 Source-specific quality assurance / control and verification (2.E.1)

4.6.1.6 Category-specific planned improvements (2.E.1)

4.6.2 TFT(2.E.2)

4.6.3 Photovoltaics (2.E.3)

4.6.3.1 Category description (2.E.3)

4.6.3.2 Methodological issues (2.E.3)

4.6.3.3 Uncertainties and time-series consistency (2.E.3)

4.6.3.4 Category-specific recalculations (2.E.3)
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4.6.3.5
4.6.3.6

Source-specific quality assurance / control and verification (2.E.3)
Category-specific planned improvements (2.E.3)

4.6.4 Heat transfer fluids (2.E.4)

46.4.1
4.6.4.2
4.6.4.3
4.6.4.4
4.6.4.5
4.6.4.6

Category description (2.E.4)

Methodological issues (2.E.4)

Uncertainties and time-series consistency (2.E.4)
Category-specific recalculations (2.E.4)

Source-specific quality assurance / control and verification (2.E.4)
Category-specific planned improvements (2.E.4)

4.7 Product uses as substitutes for ODS (2.F)
4.7.1 Refrigeration and air conditioning systems (2.F.1)

4.7.1.1
4.7.1.2
4.7.1.2.1
4.7.1.2.2
4.7.1.2.3
4.7.1.2.4
4.7.1.2.5
4.7.1.2.6
4.7.1.2.6.1
4.7.1.2.6.2
4.7.1.2.6.3
4.7.1.2.6.4
4.7.1.2.6.5
4.7.1.3
4.7.1.4
4.7.1.5

Category description (2.F.1)
Methodological issues (2.F.1)
Commercial refrigeration (2.F.1.a)
Household refrigeration (2.F.1.b)
Industrial refrigeration (2.F.1.c)
Transport refrigeration (refrigerated vehicles and containers) (2.F.1.d)
Mobile air-conditioning systems (2.F.1.e)
Stationary air conditioning systems (2.F.1.f)
Room air conditioners
Chillers
Heat-pump systems
Heat-pump clothes dryers
Dishwashers with heat-pump systems
Uncertainties and time-series consistency (2.F.1 all)
Category-specific recalculations (2.F.1 all)
Planned improvements, category-specific (2.F.1 all)

4.7.2 Foam blowing (2.F.2)

4.7.2.1
4.7.2.1.1
4.7.2.1.2
4.7.2.2
4.7.2.2.1
4.7.2.2.2
4.7.2.3
4.7.2.3.1
4.7.2.3.2
4.7.2.4
4.7.2.4.1
4.7.2.4.2
4.7.2.5
4.7.2.6
4.7.2.7

Closed-cell polyurethane hard foam products (2.F.2 PU hard foam)
Category description (2.F.2 PU hard foam)

Methodological aspects (2.F.2 PU hard foam)

Closed-cell and open-cell XPS hard foam (2.F.2 XPS)
Category description (2.F.2 XPS)
Methodological issues (2.F.2 XPS)

Open-cell polyurethane integral foam (2.F.2 PU integral foam)
Category description (2.F.2 PU integral foam)

Methodological aspects (2.F.2 PU integral foam)

Open-cell one-component polyurethane foam (2.F.2 one-component PU foam)
Category description (2.F.2 one-component PU foam)
Methodological aspects (2.F.2 one-component PU foam)

Uncertainties and time-series consistency (2.F.2 all)

Category-specific recalculations (2.F.2 all)

Planned improvements, category-specific (2.F.2 all)

4.7.3 Fire extinguishers (2.F.3)

4.73.1
4.7.3.2
4733
4734
4.7.3.5

Category description (2.F.3)

Methodological issues (2.F.3)

Uncertainties and time-series consistency (2.F.3)
Category-specific recalculations (2.F.3)
Category-specific planned improvements (2.F.3)

4.7.4 Aerosols (2.F.4)

4.7.4.1
4.7.4.1.1
4.7.4.1.2
4.7.4.2
4.7.4.2.1
4.7.4.2.2
4.7.4.3
4.7.4.3.1
4.7.4.3.2

Metered-dose inhalers (2.F.4.a)
Category description (2.F.4.a)
Methodological issues (2.F.4.a)
Other aerosols (2.F.4.b)
Category description (2.F.4.b)
Methodological issues (2.F.4.b)
Uncertainties and time-series consistency (2.F.4 all)
Category-specific recalculations (2.F.4 all)
Planned improvements, category-specific (2.F.4 all)

4.7.5 Solvents (2.F.5)

4.75.1
4.7.5.2
4.7.5.3

Category description (2.F.5)
Methodological issues (2.F.5)
Uncertainties and time-series consistency (2.F.5)
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4.7.5.4 Category-specific recalculations (2.F.5)

4.7.5.5 Category-specific planned improvements (2.F.5)
4.7.6 Other applications that use ODS substitutes (2.F.6)
4.7.7 Category-specific QA/QC and verification (2.F all)
4.8 Other product manufacture and use (2.G)

4.8.1 Electrical equipments (2.G.1)

48.1.1 Category description (2.G.1)

4.8.1.2 Methodological issues (2.G.1)

4.8.1.3 Uncertainties and time-series consistency (2.G.1)
4814 Category-specific recalculations (2.G.1)

4.8.1.5 Source-specific quality assurance / control and verification (2.G.1)
4.8.1.6 Category-specific planned improvements (2.G.1)
4.8.2 SFs; and PFC from other product use (2.G.2)

4821 Military AWACS maintenance (2.G.2.a)

4.8.2.1.1 Category description (2.G.2.a)

4.8.2.1.2 Methodological issues (2.G.2.a)

4.8.2.2 Particle accelerators (2.G.2.b)

4.8.2.2.1 Category description (2.G.2.b)

4.8.2.2.2 Methodological issues (2.G.2.b)

4.8.2.3 Sound-proof glazing (2.G.2.c)

4.8.2.3.1 Category description (2.G.2.c)

4.8.2.3.2 Methodological issues (2.G.2.c)

4.8.2.4 Adiabatic behaviour — Automobile tyres (2.G.2.d)
4.8.2.4.1 Category description (2.G.2.d)

4.8.2.4.2 Methodological issues (2.G.2.d)

4.8.2.5 Adiabatic behaviour — Athletic shoes (2.G.2.d)
4.8.2.5.1 Category description (2.G.2.d)

4.8.2.5.2 Methodological issues (2.G.2.d)

4.8.2.6 Other: Trace gas (2.G.2.e)

4.8.2.6.1 Category description (2.G.2.e)

4.8.2.6.2 Methodological issues (2.G.2.e)

4.8.2.7 Other: Welding (2.G.2.e)

4.8.2.7.1 Category description (2.G.2.e)

4.8.2.7.2 Methodological issues (2.G.2.e)

4.8.2.8 Other: Optical glass fibre (2.G.2.e)

4.8.2.8.1 Category description (2.G.2.e)

4.8.2.8.2 Methodological issues (2.G.2.e)

4.8.2.9 Other: Medical and cosmetic applications (2.G.2.e)
4.8.2.9.1 Category description (2.G.2.e)

4.8.2.9.2 Methodological issues (2.G.2.e)

4.8.2.10 Uncertainties and time-series consistency (2.G.2 all)

4.8.2.11 Category-specific quality assurance / control and verification (2.G.2 all)

4.8.2.12 Category-specific recalculations (2.G.2 all)

4.8.2.13 Planned improvements, category-specific (2.G.2 all)

4.8.3 Use of N,0 (2.G.3)

4.8.3.1 Category description (2.G.3)

4.83.2 Methodological issues (2.G.3)

4.83.3 Uncertainties and time-series consistency (2.G.3)

4.83.4 Source-specific quality assurance / control and verification (2.G.3)

4.8.3.5 Category-specific recalculations (2.G.3)

4.8.3.6 Planned improvements, category-specific (2.G.3)

4.8.4 Other product manufacture and use: Other — ORC systems (2.G.4 ORC systems)

4.8.4.1 Category description (2.G.4 ORC systems)

4.8.4.2 Methodological issues (2.G.4 ORC systems)

4.8.4.3 Uncertainties and time-series consistency (2.G.4 ORC systems)

4.8.4.4 Category-specific quality assurance / control and verification (2.G.4 ORC systems)

4.8.4.5 Category-specific recalculations (2.G.4 ORC systems)

4.8.4.6 Planned improvements, category-specific (2.G.4 ORC systems)

4.8.5 Other product manufacture and use: Other — Container fumigation (2.G.4 Container
fumigation)

4.8.5.1 Category description (2.G.4 Container fumigation)

4.8.5.2 Methodological issues (2.G.4 Container fumigation)

4.8.5.3 Uncertainties and time-series consistency (2.G.4 Container fumigation)
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4.8.5.4 Category-specific QA/QC and verification (2.G.4 Container fumigation)
4.8.5.5 Category-specific recalculations (2.G.4 Container fumigation)

4.8.5.6 Planned improvements, category-specific (2.G.4 Container fumigation)

4.8.6 Other product manufacture and use: Other, charcoal use (2.G.4 Charcoal)
4.8.6.1 Category description (2.G.4 Charcoal)

4.8.6.2 Methodological issues (2.G.4 Charcoal)

4.8.6.3 Uncertainties and time-series consistency (2.G.4 Charcoal)

4.8.6.4 Category-specific quality assurance / control and verification (2.G.4 Charcoal)
4.8.6.5 Category-specific recalculations (2.G.4 Charcoal)

4.8.6.6 Planned improvements, category-specific (2.G.4 Charcoal)

4.8.7 Other product manufacture and use: Other, nitrous oxide from explosives (2.G.4

Explosives)
4.8.7.1 Category description (2.G.4 Explosives)
4.9 Other production (2.H)
4.9.1 Other production: Pulp and paper (2.H.1)
49.1.1 Category description (2.H.1)
49.1.2 Methodological issues (2.H.1)
49.1.3 Uncertainties and time-series consistency (2.H.1)
49.1.4 Source-specific quality assurance / control and verification (2.H.1)
49.15 Category-specific recalculations (2.H.1)
49.1.6 Category-specific planned improvements (2.H.1)
4.9.2 Other production: Food and drink (2.H.2)
49.2.1 Category description (2.H.2)
49.2.2 Methodological issues (2.H.2)
49.2.3 Uncertainties and time-series consistency (2.H.2)
49.2.4 Source-specific quality assurance / control and verification (2.H.2)
49.2.5 Category-specific recalculations (2.H.2)
4.9.2.6 Category-specific planned improvements (2.H.2)
4.9.3 Other sectors (2.H.3)

5 Agriculture (CRF Sector 3)

5.1 Overview (CRF Sector 3)

5.1.1 Categories and total emissions, 1990 - 2021

5.1.2 The Py-GAS-EM emissions-inventory model

5.1.2.1 Guidelines applied, and detailed report

5.1.2.2 Basic structure of the Py-GAS-EM emissions-inventory model
5.1.2.3 Treatment of CH, within the emissions inventory

5.1.2.4  The nitrogen-flow concept (3.8, 3.D)

5.1.3 Characterization of animal husbandry

5.1.3.1 Animal categories (3.A, 3.B)

5.1.3.2 Animal place data (3.A, 3.B)

5.1.3.2.1 Surveys of the Federal and federal state statistical offices
5.1.3.2.2 Special aspects of animal-place figures in the inventory

5.1.3.2.3 Animal place data used in the inventory (3.A, 3.B)

5.1.3.24 Comparison with livestock-population figures of the FAO (3.A, 3.B)

5.1.3.3 Performance, energy and feed data (3.A, 3.B)

5.1.34 N excretions (3.B)

5.1.3.5 VS excretions (3.B)

5.1.3.6 Housing systems, storage systems and application procedures (CRF 3.B, 3.D)

5.1.3.6.1 Frequency distributions (3.B, 3.D)

5.1.3.6.2 Bedding material in solid-manure systems
5.1.3.6.3 Maximum methane-producing capacity B, (3.8(b))
5.1.3.6.4 Methane conversion factors MCF (3.B)

5.1.3.6.5 Manure digestion and storage of digestates (3.B)

5.1.4 Digestion of energy crops: Concept and activity data

5.1.4.1 The concept, and its consideration in the CRF tables

5.1.4.2 Activity data and parameters

5.1.5 Concept and activity data for emissions from agricultural soils and crops
5.1.5.1 N,O emissions from agricultural soils (3.D)

5.1.5.1.1 Concept for calculation of direct emissions from agricultural soils
5.1.5.1.2 The N quantities behind direct N,O emissions (3.D)
5.1.5.1.3 Area of organic soils under cultivation (3.D)
5.1.5.14 Deposition of reactive nitrogen (3.8, 3.D, 3.J)
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5.1.5.1.5 Leaching and surface runoff (3.D)

5.1.5.2 CO, emissions from liming and urea application (3.G-1)
5.1.5.3 NMVOC emissions from agricultural crops

5.1.6 Total uncertainty of all GHG emissions in Sector 3

.7 Quality assurance and control

7.1 The Thiinen Institute's quality management for emissions inventories
7.2 Input data, calculation procedures and emissions results

7.3 Verification

7.4 Reviews and reports

Enteric fermentation (3.A)

1 Category description (3.A)

2 Methodological issues (3.A)

2.1 Methods (3.A)

2.2 Emission factors (3.A)
2.3
3

. Emissions (3.A)

.3 Uncertainties and time-series consistency (3.A)

.4 Category-specific quality assurance / control and verification (3.A)
5.2.5 Source-specific recalculations (3.A)

5.2.6 Planned improvements (3.A)

5.3 Manure management (3.B)

5.3.1 Category description (3.B)

5.3.2 Methane emissions from manure management (3.B, CH,)

5.3.21 Category description (3.B, CH,)
5.3.2.2 Methodological issues (3.B, CHa)

1
A
A
i
i
.2
2
2
2
2
2
2
2

(S, OO RO RN T, [V, BT, RO, O O, RO, N, ]

5.3.2.2.1 Methods (3.B, CHa)
5.3.2.2.2 Emission factors (3.8, CHy)
53.2.2.3 Emissions (CRF 3.B, CH,4)

5.3.2.3 Uncertainties and time-series consistency (3.B, CHa)

5.3.24 Source-specific quality assurance / control and verification (3.B, CHa)
5.3.2.5 Source-specific recalculations (3.8, CHa)

5.3.2.6 Planned improvements (3.B, CH,)

5.3.3 NMVOC emissions from manure management

5.3.3.1 Category description (NMVOC)

5.3.3.2 Methodological aspects (NMVOC)

5.3.3.2.1 Methods (NMVOC)
5.3.3.2.2 Emission factors (NMVOC)
53.3.2.3 Emissions (NMVOC)

5.3.33 Uncertainties and time-series consistency (NMVOC)

5.3.34 Source-specific quality assurance / control and verification (NMVOC)
5.3.3.5 Source-specific recalculations (NMVOC)

5.3.3.6 Planned improvements (NMVOC)

5.3.4 Direct N>O and NO emissions from manure management (3.B, N.O & NO)
5.34.1 Category description (3.B, N2Ogirect & NO)

5.3.4.2 Methodological issues (3.B, N2Ogirect & NO)

5.3.4.2.1 MethOdS (3.B, NZOdirect & NO)
5.3.4.2.2 Emission factors (3.B, N;Ogirect & NO)
5.3.4.2.3 Emissions (3.B, N2Ogirect & NO)

5.3.4.3 Uncertainties and time-series consistency (3.B, N2Ogirect & NO)

5344 Source-specific quality assurance / control and verification (3.B, N2Ogirect & NO)
5.3.4.5 Source-specific recalculations (3.B, N2Odirect & NO)

5.3.4.6 Planned improvements (3.B, N2Ogirect & NO)

5.3.5 Indirect N,O emissions as a result of manure management (3.B)

5.3.5.1 Category description (3.B, N2Oindirect)

5.3.5.2 Methodological issues (3.B, N2Oingirect)

53521 Methods (3.8, N2Oingirect)
5.3.5.2.2 Emission factor (3.B, N2Oingirect)
5.3.5.2.3 Emissions (3.B, N2Oingirect)

5.35.3 Uncertainties and time-series consistency (3.B, N2Oingirect)

5.3.54 Source-specific quality assurance / control and verification (3.B, N2Oindirect)
5.355 Source-specific recalculations (3.B, N2Oingirect)

5.3.5.6 Planned improvements (3.B, N2Oingirect)

5.4 Rice cultivation (3.C)
5.5 Agricultural soils (3.D)
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5.5.1 Category description (3.D)
5.5.2 Methodological aspects, and emissions (3.D)

5.5.21
5.5.2.1.1
5.5.2.1.2

5.5.2.1.3
5.5.2.1.4
5.5.2.1.5
5.5.2.2
5.5.23

Methods and emission factors (3.D)

Direct N,O emissions (3.D.a)

Indirect N,O emissions resulting from deposition of reactive nitrogen via use of

agricultural soils (3.D)

Indirect N,O emissions resulting from leaching and surface runoff (3.D)
NO emissions

NMVOC emissions

Frac values (3.D)
Emissions (3.D)

5.5.3 Category-specific quality assurance / control and verification (3.D)
5.5.4 Uncertainties and time-series consistency (3.D)

5.5.5 Category-specific recalculations (3.D)

5.5.6 Planned improvements (3.D)

5.6 Prescribed burning of savannas (clearance of land by prescribed burning) (3.E)
5.7 Field burning of agricultural residues (3.F)

5.8 CO; emissions from liming and urea application (3.G-I)

5.8.1 Category description (3.G-l)

5.8.2 Methods and emissions (3.G-I)

5.8.3 Category-specific quality assurance / control and verification (3.G-l)
5.8.4 Uncertainties and time-series consistency (3.G-l)

5.8.5 Source-specific recalculations (3.G-l)

5.8.6 Planned improvements (3.G-l)

5.9 CHsand N,O from digestion of energy crops (digesters and systems for storage of

digestates) (3.J)
5.9.1 Category description (3.J)
5.9.2 Methodological issues (3.J)
5.9.3 CH,; emission factor and emissions (3.J, CH,)
5.9.4 N,O emission factors and emissions (3.J, N,O)
5.9.5 NO emission factors and emissions (3.J, NO)
5.9.6 Category-specific quality assurance / control and verification (3.J)
5.9.7 Uncertainties and time-series consistency (3.J)
5.9.8 Source-specific recalculations (3.J)
5.9.9 Planned improvements (3.J)

6 Land Use, Land Use Change and Forestry (CRF Sector 4)

6.1 Overview (CRF Sector 4)
6.1.1 Categories and total emissions and sinks, 1990 - 2021
6.1.2 Methodological issues

6.1.2.1
6.1.2.1.1
6.1.2.1.2
6.1.2.1.3
6.1.2.1.4
6.1.2.1.5
6.1.2.1.6
6.1.2.1.7
6.1.2.1.8
6.1.2.1.9
6.1.2.2
6.1.2.2.1
6.1.2.2.2
6.1.2.2.3
6.1.2.3
6.1.2.3.1
6.1.2.3.2
6.1.2.3.3
6.1.2.3.4
6.1.2.3.5
6.1.235.1
6.1.2.3.5.2
6.1.2.3.5.3

Carbon emissions from mineral soils (4.A to 4.F)

Overview of methods used

Database and procedure for determination of carbon stocks
Forest Land

Cropland

Grassland

Settlements

Terrestrial Wetlands and Other Land

Uncertainties

Planned improvements

Emissions from organic soils (3.D; 4.A through 4.F; CRF Table 4(ll))

Activity data
Emissions calculation
Implied emission factors (IEF)

Carbon emissions from biomass (4.A through 4.F)

General information

General calculation methods

Annual crops and Grassland: Calculation methods and emission factors
Perennial crops: Calculation methods and emission factors

Derivation of emission factors for perennial woody crops

Fruit trees

Vineyards

Tree nurseries
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6.1.2.3.5.4 Christmas tree plantations 559
6.1.2.3.5.5 Short-rotation plantations 560
6.1.2.3.5.6 Hops 562
6.1.2.3.6 Calculation methods, and determination of emission factors, for hedges and field
copses 562
6.1.2.3.7 Terrestrial Wetlands and Settlements 564
6.1.2.3.8 Forest Land 566
6.1.2.4 Carbon emissions from dead organic matter (4.A to 4.F) 567
6.1.2.5 Direct N,O emissions from nitrogen fertilisation of forest land and other land areas
(4(n) 567
6.1.2.6 Emissions from flowing and standing man-made water bodies, and from drainage or
organic and mineral soils (4(ll)) 567
6.1.2.7 Direct nitrous oxide (N,O) emissions from nitrogen mineralisation (CRF Table 4(111)) 572
6.1.2.8 Indirect nitrous oxide (N,O) emissions from cultivated soils (CRF Table 4(1V)) 574
6.1.2.9 Burning of Biomass (CRF Table 4(V)) 575
6.1.2.10 Uncertainties 576
6.1.3 Quality assurance and control 576
6.1.3.1 The Thiinen Institute's quality management for emissions inventories 577
6.1.3.2 Input data, calculation procedures and emissions results 577
6.1.3.3 Verification 578
6.1.3.4 Reviews and reports 578
6.1.4 Planned improvements 579
6.2 Land-use definitions and land-use classification systems, and their reflection in the
LULUCF categories 579
6.2.1 Forests 579
6.2.2 Cropland 580
6.2.3 Grassland 580
6.2.4 Wetlands 581
6.2.5 Settlements 583
6.2.6 Other Land 584
6.3 Information on approaches used for determining relevant land areas and on the sources
of land-use data used 584
6.3.1 Introduction 584
6.3.2 Database and data processing 585
6.3.2.1 Data sources 585
6.3.2.2 Derivation of LULUCF information 590
6.3.3 Errors 591
6.3.4 Step-by-step implementation 591
6.3.4.1 Derivation of land uses 591
6.3.4.2 Derivation of annual land-use changes 593
6.3.5 Land-use changes pursuant to the UNFCCC 593
6.3.6 Verification 604
6.4 Forest Land (4.A) 605
6.4.1 Category description (4.A) 605
6.4.2 Methodological issues (4.A) 608
6.4.2.1 Data sources 608
6.4.2.1.1 National Forest Inventory and intermediary inventories, Datenspeicher
Waldfonds and logging data 609
6.4.2.1.2 Forest Soil Inventory (BZE-Wald) 609
6.4.2.2 Biomass (CRF Table 4.A) 610
6.4.2.2.1 Forest Land remaining Forest Land 610
6.4.2.2.2 Land converted to Forest Land 613
6.4.2.2.3 Derivation of individual-tree biomass 613
6.4.2.2.4 Conversion into above-ground individual-tree biomass 614
6.4.2.2.5 Conversion into below-ground biomass 616
6.4.2.2.6 Conversion of individual-tree biomass to carbon 618
6.4.2.2.7 State estimator for 1987, 2002, 2008, 2012 and 2017 618
6.4.2.2.8 Estimator for stock changes pursuant to the stock-difference method 620
6.4.2.2.9 Derivation of the annual change estimates 620
6.4.2.3 Dead wood (CRF Table 4.A) 621
6.4.2.3.1 Forest Land remaining Forest Land 621
6.4.2.3.2 Land converted to Forest Land 622
6.4.2.4 Litter (CRF Table 4.A) 623
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6.4.2.4.1 Forest Land remaining Forest Land

6.4.2.4.2 Land converted to Forest Land

6.4.2.4.3 Derivation of carbon stocks in litter

6.4.2.4.4 Derivation of carbon-stock changes in litter in the period from 1990( (BZE I-Wald)

to 2006 (BZE II-Wald)
6.4.2.5 Mineral soils (CRF Table 4.A)

6.4.2.5.1 Forest Land remaining Forest Land

6.4.2.5.2 Land converted to Forest Land

6.4.2.5.3 Database, and methods, for calculating the rates of change of organic soil
carbon stocks

6.4.2.5.4 Rates of change of organic soil carbon stocks

6.4.2.6 Organic soils (CRF Table 4.A)

6.4.2.6.1 Forest Land remaining Forest Land

6.4.2.6.2 Land converted to Forest Land

6.4.2.7 Other GHG emissions from forests

6.4.2.7.1 Nitrous oxide emissions from nitrogen fertilisation (CRF Table 4(1))

6.4.2.7.2 Drainage and rewetting of organic and mineral soils (CRF Table 4(11))

6.4.2.7.3 Direct nitrous oxide emissions related to nitrogen mineralisation and
immobilisation (CRF Table 4(111))

6.4.2.7.4 Indirect nitrous oxide emissions from cultivated soils (CRF Table 4(I1V))

6.4.2.7.5 Wildfires (CRF Table 4(V))

6.4.3 Uncertainties and time-series consistency (4.A)

6.4.3.1 Uncertainties in estimation of areas affected by land-use changes

6.4.3.2 Uncertainties in estimation of emission factors of living and dead biomass

6.4.3.3 Uncertainties in estimation pertaining to emission factors of litter and mineral soils
6.4.3.3.1 Sampling error

6.4.3.3.2 Small-scale variability

6.4.3.3.3 Representativeness of points within strata

6.4.3.3.4 Sampling error

6.4.3.3.5 Quantification of methodologically related uncertainties

6.43.4 Time-series consistency

6.4.4 Category-specific QA / QC and verification (4.A)
6.4.4.1 Biomass and dead wood

6.4.4.2 Litter and mineral soils

6.4.4.3 Comparison with results of other countries
6.4.5 Category-specific recalculations (4.A)

6.4.6 Category-specific planned improvements (4.A)
6.5 Cropland (4.B)

6.5.1 Category description (4.B)

6.5.2 Methodological issues (4.B)

6.5.2.1 Data sources

6.5.2.2 Biomass

6.5.2.2.1 Land-use change
6.5.2.2.2 The remaining category
6.5.2.3 Mineral soils

6.5.2.3.1 Land-use change
6.5.2.3.2 The remaining category

6.5.2.4 Organic soils

6.5.3 Uncertainties and time-series consistency (4.B)

6.5.4 Category-specific quality assurance / control and verification (4.B)
6.5.5 Category-specific recalculations (4.B)

6.5.6 Category-specific planned improvements (4.B)

6.6 Grassland (4.C)

6.6.1 Category description (4.C)

6.6.2 Methodological issues (4.C)

6.6.2.1 Data sources

6.6.2.2 Biomass

6.6.2.3 Mineral soils

6.6.2.4 Organic soils

6.6.3 Uncertainties and time-series consistency (4.C)

6.6.4 Source-specific quality assurance / control and verification (4.C)
6.6.5 Category-specific recalculations (4.C)

6.6.6 Category-specific planned improvements (4.C)
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6.7 Wetlands (4.D)

6.7.1 Category description (4.D)

6.7.2 Methodological issues (4.D)

6.7.2.1 Data sources

6.7.2.2 Biomass

6.7.2.3 Mineral soils

6.7.2.4 Organic soils

6.7.2.5 Peat extraction

6.7.2.6 Waters

6.7.3 Uncertainties and time-series consistency (4.D)
6.7.4 Category-specific QA/QC and verification (4.D)
6.7.5 Category-specific recalculations (4.D)

6.7.6 Category-specific planned improvements (4.D)
6.8 Settlements (4.E)

6.8.1 Category description (4.E)

6.8.2 Methodological issues (4.E)

6.8.2.1 Data sources

6.8.2.2 Biomass

6.8.2.3 Mineral soils

6.8.2.4 Organic soils

6.8.2.5 Wildfires

6.8.3 Uncertainties and time-series consistency (4.E)
6.8.4 Category-specific quality assurance / control and verification (4.E)
6.8.5 Category-specific recalculations (4.E)

6.8.6 Category-specific planned improvements (4.E)
6.9 Other Land (4.F)

6.9.1 Category description (4.F)

6.9.2 Methodological issues (4.F)

6.9.3 Uncertainties and time-series consistency (4.F)
6.9.4 Category-specific quality assurance / control and verification (4.F)
6.9.5 Category-specific recalculations (4.F)

6.9.6 Category-specific planned improvements (4.F)
6.10 Harvested wood products (4.G)

6.10.1 Category description (4.G)

6.10.2 Methodological issues (4.G)

2.1 Activity data

2.2 Emission factors

2.3 Calculation method used

3 Uncertainties and time-series consistency (4.G)
0.4 Category-specific quality assurance / control and verification (4.G)
6.10.5 Category-specific recalculations (4.G)

6.10.6 Category-specific planned improvements (4.G)

6.11 Other sectors (4.H)

7 Waste and Waste Water (CRF Sector 5)
7.1 Overview (CRF Sector 5)

7.2 Solid waste disposal on land (5.A)

7.2.1 Managed disposal in landfills — landfilling of settlement waste (5.A.1)
7.21.1 Category description (5.A.1)

7.2.1.2 Methodological issues (5.A.1)

6.10.
6.10.
6.10.
6.10.
6.1

7.2.1.2.1 Quantities of landfilled waste
7.2.1.2.2 Waste composition

7.2.1.2.3 MCF (methane correction factor)
7.2.1.2.4 DOC

7.2.1.2.5 DOCr

7.2.1.2.6 F = Fraction of CH4 in landfill gas
7.2.1.2.7 Half-life

7.2.1.2.8 Landfill-gas use

7.2.1.2.9 Flares

7.2.1.2.10 Oxidation factor
7.21.3 Uncertainties and time-series consistency (5.A.1)
7.2.14 Category-specific quality assurance / control and verification (5.A.1)
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7.2.1.5
7.2.1.6

Category-specific recalculations (5.A.1)
Planned improvements, category-specific (5.A.1)

7.3 Biological treatment of solid waste (5.B)
7.3.1 Composting facilities (5.B.1)

7.3.11
7.3.1.2
7.3.13
73.14
7.3.15
7.3.1.6

Category description (5.B.1)

Methodological issues (5.B.1)

Uncertainties and time-series consistency (5.B.1)

Source-specific quality assurance / control and verification (5.B.1)
Category-specific recalculations (5.B.1)

Category-specific planned improvements (5.B.1)

7.3.2 Digestion plants (5.B.2)

7.3.21
7.3.2.2
7.3.2.3
73.24
7.3.25
7.3.2.6

Category description (5.B.2)

Methodological issues (5.B.2)

Uncertainties and time-series consistency (5.B.2)

Source-specific quality assurance / control and verification (5.B.2)
Category-specific recalculations (5.B.2)

Category-specific planned improvements (5.B.2)

7.4 Waste incineration (5.C)

7.4.1 Crematoriums

7.4.2 Bonfires and similar open combustion
7.5 Wastewater handling (5.D)

7.5.1 Domestic wastewater handling (5.D.1)

7.5.11

7.5.1.1.1
7.5.1.1.2
7.5.1.1.3
7.5.1.1.4

7.5.1.1.5
7.5.1.1.6
7.5.1.2
7.5.1.2.1
7.5.1.2.2
7.51.221
7.5.1.2.2.2
7.5.1.2.23
7.5.1.2.3
7.5.1.23.1
7.5.1.2.3.2
7.5.1.2.4

7.5.1.2.5
7.5.1.2.6
7.5.1.3

7.5.1.3.1
7.5.1.3.2

7.5.1.3.3

7.5.1.3.4

7.5.1.3.5

7.5.1.3.6

Methane emissions from domestic wastewater treatment (5.D.1 domestic
wastewater handling)
Category description (5.D.1 domestic wastewater handling)
Methodological issues (5.D.1 Domestic wastewater handling)
Uncertainties and time-series consistency (5.D.1 wastewater treatment)

Category-specific quality assurance/ control and verification (5.D.1 Wastewater

treatment)

Category-specific recalculations (5.D.1 Wastewater treatment)

Planned improvements, category-specific (5.D.1 Wastewater treatment)
Methane emissions from municipal sludge treatment (5.D.1 Sludge treatment)

Category description (5.D.1 Sludge treatment)

Methodological issues (5.D.1 Sludge treatment)

Digester gas

Digester-gas losses

Open sludge digestion

Uncertainties and time-series consistency (5.D.1 Sludge treatment)

Digester gas

Open sludge digestion

Category-specific quality assurance / control and verification (5.D.1 Sludge

treatment)
Category-specific recalculations (5.D.1 Sludge treatment)
Category-specific planned improvements (5.D.1 Sludge treatment)

Nitrous oxide emissions from municipal wastewater (5.D.1 Nitrous oxide emissions

from municipal wastewater)

Category description (5.D.1 Nitrous oxide emissions from municipal wastewater)

Methodological issues (5.D.1 Nitrous oxide emissions from municipal
wastewater)

Uncertainties and time-series consistency (5.D.1 Nitrous oxide emissions from

municipal wastewater)

Category-specific quality assurance / control and verification (5.D.1 Nitrous oxide

from municipal wastewater)
Category-specific recalculations (5.D.1 Nitrous oxide from municipal
wastewater)

Planned improvements, category-specific (5.D.1 Nitrous oxide from municipal

wastewater)

7.5.2 Industrial wastewater handling (5.D.2)

7.5.2.1

7.5.2.1.1
7.5.2.1.2
7.5.2.1.3
7.5.2.1.4

Methane emissions from industrial wastewater handling (5.D.2)
Category description (5.D.2 CH,)
Methodological issues (5.D.2 CH,)
Uncertainties and time-series consistency (5.D.2 CH,)
Category-specific quality assurance / control and verification (5.D.2, CH4)
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7.5.2.1.5 Category-specific recalculations (5.D.2 CH,4)

7.5.2.1.6 Planned improvements, category-specific (5.D.2 CH,,)

7.5.2.2 Nitrous oxide emissions from industrial wastewater handling (5.D.2 N,0)
7.5.22.1 Category description (5.D.2 N>0)

7.5.2.2.2 Methodological issues (5.D.2 N0, industrial)

7.5.2.2.3 Uncertainties and time-series consistency (5.D.2 N;0)

7.5.2.2.4 Category-specific quality assurance / control and verification (5.D.2, N>O)
7.5.2.2.5 Category-specific recalculations (5.D.2 N>0)

7.5.2.2.6 Planned improvements, category-specific (5.D.2 N>0)

7.6 Other sectors (5.E)

7.6.1 Other areas — mechanical biological waste treatment (MBT) (5.E Other MBT)
Category description (5.E Other MBT)

Methodological aspects (5.E Other: MBT)

Uncertainties and time-series consistency (5.E Other MBT)

Category-specific quality assurance / control and verification (5.E Other MBT)
Category-specific recalculations (5.E Other MBT)

Planned improvements, category-specific (5.E Other MBT)

8 Other (CRF Sector 6)
9 Indirect CO; & N,O

NNNNNN

QO
R

U WNPE

10 Recalculations and improvements (GWP pursuant to IPCC AR4)

10.1 Explanation and justification of the recalculations

10.1.1 General procedure

10.1.2 Recalculations in the 2023 inventory, by source categories
10.1.3 Recalculations in the 2023 inventory, by substances

10.2 Impact on emissions levels

10.2.1 Impacts on emissions levels of categories in 1990
10.2.2 Impacts on emissions levels of categories in 2005
10.2.3 Impacts on emissions levels of categories in 2020

10.3 Impacts on emissions trends and on time-series consistency

10.4 Inventory improvements
10.4.1 Implementing Regulation Article 9: Reporting on implementation of recommendations
and adjustments

11 Information relative to accounting for Kyoto units
11.1 Background information

11.2 Summary of information reported in the SEF tables
11.3 Discrepancies and Notifications

11.4 Publicly accessible information

11.5 Calculation of the Commitment Period Reserve

12 Information on changes in the national registries
13 Other information

14 Annex 1: Key categories of the German greenhouse-gas inventory

14.1 Description of the methods for identifying key categories
14.1.1 Approach 1 procedures

14.1.2 Approach 2 procedure

14.1.3 Assessment with qualitative criteria

15 Annex 2: Detailed discussion of the methodology and data for calculating CO, Emissions
from combustion of fuels

15.1 The Energy Balance for the Federal Republic of Germany

15.2 Structure of the Energy Balances

15.3 Methodological issues: Energy-related activity rates

15.4 Uncertainties, time-series consistency and quality assurance in the Energy Balance

15.4.1 Quality report of the Working Group on Energy Balances (AGEB) regarding preparation
of Energy Balances for the Federal Republic of Germany

154.1.1.1 Background

15.4.1.1.2 Work-sharing in preparation of Energy Balances
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15.4.1.1.3 Quality of the data sources used

15.4.1.1.4 Transparency of methods and procedures

15.4.1.1.5 Checking and verification of results

15.4.1.1.6 Documentation and archiving

15.4.1.1.7 Qualified staff

15.4.1.1.8 Explanations regarding the currentness and availability of data for preparation

of Energy Balances
15.5 REGULAR COMPARISONS OF ENERGY BALANCES
15.5.1 Comparison of the 2020 Energy Balance with the 2020 estimated Energy Balance
15.6 Energy-Data Action Plan for inventory improvement
15.7 CO; emissions
15.7.1 Hard coal
15.7.2 Lignite
15.7.3 Petroleum
15.7.4 Gases
15.7.5 Waste and special fuels
15.7.6 Biomass fuels
15.7.7 List of carbon dioxide emission factors derived for energy & industrial processes

16 Annex 3: Other detailed methodological descriptions for individual source or sink
categories

16.1 Other detailed methodological descriptions for the source category "Energy" (1)

16.1.1 Energy industry (1.A.1)

16.1.1.1 Methodological aspects of determination of emission factors (Chapter 3.2.4.2)

16.1.2 Transport (1.A.3)

16.1.2.1 Transport — Civil aviation (1.A.3.a)

16.1.2.1.1 Derivation of additional emission factors (1.A.3.a)

16.1.2.2 Derivation of activity rates for road transport (1.A.3.b)

16.1.2.2.1 Harmonisation with the Energy Balance

16.1.2.2.2 Allocation of biofuels, petroleum, natural gas and LP gas to the structural
elements

16.1.2.2.3 Activity rate for evaporation

16.1.2.3  Derivation of emission factors

16.1.2.3.1 Emission factors from TREMOD

16.1.2.3.2 Emission factors for biodiesel, bioethanol, petroleum, natural gas and LP gas

16.1.2.3.3 International comparison of (implied) emission factors

16.1.3 CO, emissions from lubricant co-incineration in two-stroke gasoline engines

16.1.4 Calculation of the fossil fractions of biofuels used, as well as of the carbon dioxide
emissions resulting from their use

16.2 Other detailed methodological descriptions for the category "industrial processes" (2)

16.3 Other detailed methodological descriptions for the category "Agriculture" (3)

16.3.1 Calculation of the emissions for additional animal categories

16.3.1.1 Animal-place figures

16.3.1.2  CH4 emissions from enteric fermentation

16.3.1.3  CH4 emissions from manure management

16.3.1.4 N,O emissions from manure management

16.3.1.4.1 N excretions

16.3.1.4.2 Direct N,O emissions from manure management

16.3.1.5 Indirect N,O emissions from manure management

16.3.1.6  Direct N,O emissions from agricultural soils

16.3.1.7 Indirect N,O emissions from agricultural soils

16.3.2 Distributions of housing, storage and application procedures, and of grazing data (CRF

3.B,3.D)
16.4 Other detailed methodological descriptions for the source/sink category "Land-use
change and forestry" (4)

16.5 Other detailed methodological descriptions for the category "Waste and wastewater" (6)

17 Annex 4: The CO, Reference Approach, and comparison with the Sectoral Approach
17.1 Comparing the results: The Sectoral Approach and the Reference Approach
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List of Abbreviations

AbfAbIV

ABL
AGEB
AGEE-Stat

AK
ALH

ALN
ANCAT
AR
ARD
ATKIS
AWMS
BAFA
BAT
BDSI
BDZ
BEF
BEU

BGR

BGS

BGW

BHD

BHKW
BKG

BImSchV
BML
BMUV

BMUB
BMU
BMEL

Ordinance on Environmentally Compatible Storage of Waste from Human
Settlements and on Biological Waste-Treatment Facilities
(Abfallablagerungsverordnung)

0ld German Lander

Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen)
Working Group on Renewable Energy Statistics (Arbeitsgruppe Erneuerbare
Energien-Statistik)

Working group (Arbeitskreis)

All other deciduous/broadleaf trees with high life expectancies (BWI tree-
species group)

All other deciduous/broadleaf trees with low life expectancies (BWI tree-
species group)

Abatement of Nuisances from Civil Air Transport

Activity data (=AD)

Afforestation, reforestation, deforestation

Official topographic-cartographic information system (Amtliches
Topographisch-Kartographisches Informationssystem)

Animal Waste Management System

Federal Office of Economics and Export Control

Best Available Technique

Association of the German Confectionery Industry (Bundesverband der
Deutschen Siiffwarenindustrie e.V.)

Federal Association of the German Cement Industry (Bundesverband der
Deutschen Zementindustrie)

Biomass-expansion factor

Balance of emissions sources for stationary and mobile combustion processes
(Bilanz der Emissionsursachen fiir stationdre und mobile
Verbrennungsprozesse)

Federal Institute for Geosciences and Raw Materials (Bundesanstalt fir
Geowissenschaften und Rohstoffe)

Fuel, gas and electricity industries of blast furnaces, steelworks and rolling
mills; and forging plants, press works and hammer mills, including the various
other plants (without their own coking plants) publicly connected to such
operations

Federal Association of the German Gas and Water Industry (Bundesverband der
deutschen Gas- und Wasserwirtschaft)

Diameter at breast height (= DBH; tree-trunk diameter at a height of 1.30 m
above the ground)

Combined heat and power (CHP) unit (Blockheizkraftwerk)

Federal Agency for Cartography and Geodesy (Bundesamt fiir Kartographie und
Geodaisie)

Statutory Ordinance under the Federal Immission Control Act

cf. BMEL

Federal Ministry for the Environment, Nature Conservation, Nuclear Safety and
Consumer Protection

cf. BMUV

cf. BMUV

Federal Ministry of Food and Agriculture
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BMVEL
BMVG
BMWA
BMWK
BoHE
BREF
BSB
BSBs
BV Kalk
BUK
BWI
BWP

BZE
CAPIEL

CEFIC

CFC

CFI

CHa

Corg

co

CO2
CORINAIR
CORINE
CRF

CSB

CVD

D

DBFZ
DEHSt
DESTATIS
DFIU

DG
DGMK

DIN
DIW

DLR
DME
DMKW

DOC
DOCr

cf. BMEL

cf. BMEL

Federal Ministry of Defence

cf. BMWi

Federal Ministry for Economic Affairs and Climate Action

Main survey on soil use (Bodennutzungshaupterhebung)

BAT (Best Available Technique) Reference Documents

Biological oxygen demand (= BOD; Biologischer Sauerstoffbedarf)
Biological oxygen demand within 5 days (BODs)

German Lime Association (Bundesverband der Deutschen Kalkindustrie)
Soil-overview map (Bodeniibersichtskarte)

National Forest Inventory (Bundeswaldinventur)

Association of the German heat-pump industry (Bundesverband Warmepumpe
e.V)

Forest Soil Inventory (Bodenzustandserhebung im Wald)

Coordinating Committee for the Associations of Manufacturers of Industrial
Electrical Switchgear and Controlgear in the European Union

European Chemical Industry Council (French name: Conseil Européen des
Fédérations de I'Industrie Chimique)

Chlorofluorocarbons (= Fluorchlorkohlenwasserstoffe (FCKW))
Continuous Forest Inventory

Methane

Organic carbon stored in the soil

Carbon monoxide

Carbon dioxide

Coordination of Information on the Environment, sub-project: Air
Coordinated Information on the Environment

Common Reporting Format

Chemical oxygen demand (COD)

Chemical vapour deposition

Germany (Deutschland)

Deutsches Biomasseforschungszentrum (German centre for biomass research)
German Emissions Trading Authority (Deutsche Emissionshandelsstelle)
Federal Statistical Office (official abbreviation: StBA)

Franco-German Institute for Environmental Research, at the University of
Karlsruhe (Deutsch-Franzdsisches Institut fiir Umweltforschung an der
Universitat Karlsruhe)

Landfill gas (Deponiegas)

German Association of Oil, Natural Gas and Coal Science (Deutsche
Wissenschaftliche Gesellschaft fiir Erdél, Erdgas und Kohle eV.)

DIN standard (Deutsche Industrienorm)

German Institute for Economic Research (Deutsches Institut fiir
Wirtschaftsforschung )

German Aerospace Center (Deutsches Zentrum fiir Luft- and Raumfahrt)
Dimethyl ether

Diesel-engine power stations (Dieselmotorkraftwerke)

Nitrogen in wastewater

Degradable organic carbon Degradable organic carbon)

Fraction of DOC dissimilated (converted into landfill gas) Fraction of DOC
dissimilated)
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DSWF
DTKW
DVGW

D7
EBZ
EEA
EECA
EEG

EF
El

Exa

EL
EM
EMEP

EMEV

ERT

ESIA

ETS

EU

EU-EH
EUROCONTROL
EUROSTAT
EW

EXIBA

FA

FAP

FAL

FAO

CFC

F gases
FHW

FKW

FKZ

FNN

FPX

FV
FWL
GEREF
GFA
GG

GIS
GMBL
GMES
GMKW

"Forest Fund Database" for the former GDR (Datenspeicher Waldfonds)
Steam-turbine power stations (Dampfturbinenkraftwerke)

German Association of the Gas and Water Industry (Deutsche Vereinigung des
Gas- und Wasserfachs eV.)

Tree-trunk diameter at a height of 7 m above the ground

Energy Balance line in the BEU (Energiebilanzzeile)

European Environment Agency

European Electronic Component Manufacturers Association
Renewable Energy Sources Act (Erneuerbare-Energien-Gesetz); promulgated in
Federal Law Gazette Part [ No. 40 of 31 July 2004, p. 1918 ff.)

Emission factor

Emission index = emission factor

Inhabitant connected to wastewater-treatment system (Einwohner mit
Klaranlagenanschluss)

Fuel oil EL (EL = easily liquid)

Emission

Co-operative Programme for Monitoring and Evaluation of the Long-Range
Transmission of Air Pollutants in Europe

Emissions-relevant energy consumption (Emissionsrelevanter
Energieverbrauch)

Expert Review Team

European Semiconductor Industry Association

EU Emissions Trading Scheme

European Union

ETS (Europdischer Emissionshandel)

European Organisation for the Safety of Air Navigation

Statistical Office of the European Communities

Population (Einwohnerzahl)

European Extruded Polystyrene Insulation Board Association
Combustion systems (Feuerungsanlagen)

Specialised contact person in the NaSe (Fachlicher Ansprechpartner)
Federal Agricultural Research Institute (as of 2008: cf. TI)

United Nations Food and Agriculture Organisation of the United Nations
Chlorofluorocarbons Chlorofluorocarbons, CFC)

Fluorinated greenhouse gases

District heating stations (Fernheizwerke)

Perfluorocarbons Perfluorocarbons, PFC)

Research project number (Forschungskennzahl)

Forum Network Technology / Network Operation in the VDE
Professional polystyrene association (Fachverband Polystyrol-
Extruderschaumstoff e.V.)

Responsible expert (Fachverantwortlicher) in the NaSE

Thermal output from combustion (Feuerungswarmeleistung)

GERman Emission Factor Database

Large combustion systems (Grofdfeuerungsanlagen)

Total weight (Gesamtgewicht)

Gas-insulated switching systems

Joint Ministerial Gazette (Gemeinsames Ministerialblatt)

Global Monitoring for Environment and Security

Gas-engine power stations (Gasmotorkraftwerke)
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GPG
GSE FM-INT

GT
GTKW
GuD
GWP
HFC
HCFC
HFE
HFC
Hi

HK

HS
HS-GIS
1AI
ICE

IE

IEA
IEC

IEF
IfE
IFEU

IKW
IMA

IPCC
1S08
IVPU

k.A.
KCA
KP
KS
KTBL

1

LF

LKW
LTO
LUCF
LULUCF
MBA

MCF
MDI
MS
MSW

Good Practice Guidance

GMES Services Elements Forest Monitoring: Inputs for national greenhouse-gas
reporting

Gas turbines

Gas-turbine power stations (Gasturbinenkraftwerke)

Gas and steam turbine power stations (Gas- und Dampfturbinenkraftwerke)
Global Warming Potential

Hydrofluorocarbons ( = HFKW)

Hydrochlorofluorocarbons (= HFCKW)

Hydrofluoroethers Hydrofluoroethers)

Hydrofluorocarbons Hydrofluorocarbons, HFC)

Net calorific value (Heizwert)

Key category (Hauptkategorie); is applied to both emissions sources and sinks
High voltage (Hochspannung)

High-voltage gas-insulated switching systems

International Aluminium Institute

Intercity Express

Included elsewhere

International Energy Agency

International Electrotechnical Commission International Electrotechnical
Commission)

Implied emission factor

Institute for Energy and Environment (Institut fiir Energetik und Umwelt)
Institute for Energy and Environmental Research (Institut fiir Energie- und
Umweltforschung)

Industrial power stations (Industriekraftwerke)

Interministerial Working Group (Interministerielle Arbeitsgruppe)
Intergovernmental Panel On Climate Change

Inventory Study 2008 (Inventurstudie 2008)

German industry association for rigid polyurethane foam (Industrieverband
Polyurethan-Hartschaum)

Fuel input for power generation (direct drive)

No entry (keine Angabe)

Key category analysis

Kyoto Protocol

Sewage sludge (Klarschlamm)

Association for Technology and Structures in Agriculture (Kuratorium fiir
Technik und Bauwesen in der Landwirtschaft)

Level (= Level assessment pursuant to IPCC Good Practice Guidance)
Agriculturally used land (landwirtschaftlich genutzte Flachen)

Truck (Lastkraftwagen)

Landing/take-off cycle

Land Use Change and Forestry

Land Use, Land Use Change and Forestry

Mechanical-biological waste treatment (MBT; Mechanisch-Biologische
Abfallbehandlung)

Methane Conversion Factor

Metered dose inhaler

Medium voltage (Mittelspannung)

Municipal solid waste
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MVA
MW
N
N:20
NA
NASA
NaSE

NBL
NE
NEAT
NEC

NEV
NF3
NFR

NFZ
NH3
NIR
NMVOC
NO
NO
NSCR
OCF
0oDS
ORC
0X
PAH
PAK

PARTEMIS

PCDD/F
PF

PFC

PFPE
PFPMIE
PKW

PU
Py-GAS-EM

QK
Qs
QSE
REA
ROE
RSt
RWI

Waste incineration plant (Miillverbrennungsanlage)

Megawatt

Nitrogen

Nitrous oxide (laughing gas)

Not applicable

National Aeronautics and Space Administration

German National System of Emissions Inventories (Nationales System
Emissionsinventare)

New German Lander (neue Bundeslander)

Not estimated

Non-energy Emission Accounting Tables

Directive 2001/81/EC of the European Parliament and of the Council of 23
October 2001 on national emission ceilings for certain air pollutants National
Emission Ceilings).

Non-energy-related consumption (nichtenergetischer Verbrauch)
Nitrogen trifluoride

New Format on Reporting, Nomenclature for Reporting to the UN ECE
Reporting to the UN ECE

Utility vehicles (Nutzfahrzeuge)

Ammonia

National Inventory Report

Non-Methane Volatile Organic Compounds

Not occurring

Nitrogen monoxide

Non-selective catalytic reduction

One-component foam (installation foam)

Ozone depleting substances

Organic Rankine Cycle

Oxidation factor

Polycyclic aromatic hydrocarbons (= PAK)

Polycyclic aromatic hydrocarbons (Polycyclische aromatische
Kohlenwasserstoffe; = PAH)

Measurement and prediction of emissions of aerosols and gaseous precursors
from gas turbine engines

Polychlorinated dibenzo-dioxins/- furans

Process combustion (Prozessfeuerungen)

Perfluorocarbons (= FKW)

Perfluoropolyethers Perfluoropolyether)

Perfluoropolymethyl isopropyl ether

Automobile (Personenkraftwagen)

Polyurethane

Python-based GASeous EMissions (programme for calculation of agricultural
emissions)

Quality control (QC; Qualitiatskontrolle)

Quality assurance (QA; Qualitatssicherung)

Quality System for Emissions Inventories

Flue-gas desulphurising plant (Rauchgasentschwefelungsanlage)

0il equivalent (OE; Rohoéleinheit)

Raw steel

Rheinisch-Westfalisches Institut fiir Wirtschaftsforschung
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S

S

S&A Report
SA
SCR
SE

SFe
SKE
SNAP
SOz
StBA
STEAG
T

TA Luft

TAN
TFT
THG
TI
TI-AK

TI-WO

™
TOC
TREMOD
TS

TOV

TVF
UBA

UN ECE
UN FCCC
UN
UStatG
VDA

VDE
VDEh
VDEW
VDI
VDKL

VDMA

VDN

Fuel input for power generation

Heating oil, heavy (high viscosity; "Heizol S")

Synthesis and Assessment Report

Heating oil, heavy (high viscosity; low sulphur content; "Heizdl SA")

Selective Catalytic Reduction

Sampling error

Sulphur hexafluoride

Hard-coal units (Steinkohleneinheiten)

Selected Nomenclature for Air Pollution

Sulphur dioxide

Federal Statistical Office (Statistisches Bundesamt Deutschland)

STEAG Aktiengesellschaft (a large power producer in Germany)

Trend (= trend assessment pursuant to IPCC Good Practice Guidance, in the
category overview tables)

Technical directive on air quality control; First General Administrative Provision
on the Federal Immission Control Act (Clean Air Directive; Technische Anleitung
zur Reinhaltung der Luft)

Total Ammoniacal Nitrogen

Thin-film transistor

Greenhouse gases (GHG; Treibhausgase)

Johann Heinrich von Thiinen Institute

Johann Heinrich von Thiinen Institute, Institute of Climate-Smart Agriculture
(Institut fir Agrarklimaschutz)

Johann Heinrich von Thiinen Institute, Institute of Forest Ecosystems (Institute
fiir Waldokosysteme)

Dry matter (Trockenmasse)

Total Organic Carbon

Traffic Emission Estimation Model

Siccative (Trockenstoff)

Technischer Uberwachungsverein (Certifying body for technical and product
safety)

Tonne of utilisable production (Tonne verwertbare Férderung)

Federal Environment Agency (Umweltbundesamt)

United Nations Economic Commission for Europe

United Nations Framework Convention on Climate Change

United Nations

Environmental Statistics Act (Umweltstatistikgesetz)

German Association of the Automotive Industry (Verband der
Automobilindustrie e.V.)

Association for Electrical, Electronic & Information Technologies (Verband der
Elektrotechnik Elektronik Informationstechnik e.V.)

German Iron and Steel Institute (Verein Deutscher Eisenhiittenleute; in 2003,
renamed "Stahlinstitut VDEh")

Electricity Industry Association (Verband der Elektrizitdtswirtschaft e.V.)
Association of German Engineers (Verein Deutscher Ingenieure e.V.)

German cold-storage and logistics association (Verband Deutscher Kiihlhduser
und Kiihllogistikunternehmen e.V.)

German Engineering Federation (Verband Deutscher Maschinen- und
Anlagenbau e.V.)

Association of German network operators (Verband der Netzbetreiber e.V.)
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VDZ
VGB

VIK

VOC
VRF
VS
w
WS
Wz

XPS
ZSE
ZVEI

German Cement Works Association (Verein Deutscher Zementwerke e.V.)
Technical association of operators of large power stations (Technische
Vereinigung der Grof3kraftwerksbetreiber e.V.)

Association of the energy and power industry (Verband der Industriellen
Energie- and Kraftwirtschaft e.V.)

Volatile Organic Compounds

Variable refrigerant flow

Volatile Solids

Fuel input for heat generation

Portion of a specific wastewater treatment system (e.g. aerobic, anaerobic)
Economic activity listed in the National Classification of Economic Activities
(NACE; Wirtschaftszweig)

Extruded polystyrene

Central System of Emissions (CSE)

German Electrical and Electronic Manufacturers' Association (Zentralverband
Elektrotechnik und Elektronikindustrie e.V.)
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Units and Sizes

Multiplication factors, abbreviations, prefixes and symbols

Prefix/symbol
Multiplication factor Abbreviation Name Symbol
1.000.000.000.000.000 10% peta P
1.000.000.000.000 10%? tera T
1.000.000.000 10° giga G
1.000.000 108 mega M
1.000 103 kilo k
100 102 hecto h
0.1 101 deci d
0.01 102 centi c
0.001 103 milli m
0.000001 10°® micro "
Units and abbreviations
Abbreviation Units
°C degrees Celsius
a Year
cal calorie
g gram
h hour
ha hectare
J joule
m?3 cubic metre
ppm parts per million
ppb parts per billion
t tonne
W watt
Standard conversions
Units is equivalent to
1 tonne (t) 1 megagram (Mg)
1 kilotonne / thousand tonnes  (kt) 1 gigagram (Gg)
1 megatonne / million tonnes  (Mt) 1 teragram (Tg)
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Reading the introductory information tables

The introductory information tables appear at the beginning of each source category chapter. Each such table
provides an overview of the relevant source category's importance and of the methods used in connection with
it. Global Warming Potentials (GWP) as specified in IPCC Assessment Report 5 (IPCC AR5) are used.

1990 2021 Trend

K Activi EM of fracti fracti
C  Category ctivity U pEmery  WEEEW ean o GEEIE

yr  IAlcManufacture of Solid Fuelsand ¢ o\ ¢, 65,289.1 51% 86455 11%  -86.8%
Other Energy Industries

- AlcManufacture of Solid Fuelsand -\, ¢ 010 0 103.0 0.0% 139.8 0.0% 35.7 %
Other Energy Industries

1A1c Manufacture of Solid Fuels and
/- ¢ Vlanutacture ot 50fid FUels an All fuels CHa 586.2 0.1% 114.0 0.0% -80.6 %
Other Energy Industries

Gas Method used Source for the activity data Emission factors used
CO. CS NS CS
CH4 Tier 2 NS CS
N20 Tier 2 NS CS
NOX, CO, NMVOC, SO2 CS
Key category

The upper section of the table shows the key-category-analysis lines that are relevant for the source category in
question; the emissions, as an absolute figure (kt CO2 equivalent) and as a percentage of total emissions in 1990
and in the last reported year; and the pertinent emissions trend between the base year (1990 or 1995 for the F
gases) and the last reported year. In the German-language version of the NIR, the term "Hauptkategorie" is used
synonymously with the term "key category".

L = Key category in terms of emissions level

T = Key category in terms of emissions trend

2 = Key category solely pursuant to Approach-2 analysis (including uncertainties)
Gas

The lower section of the table provides information about the methods used, the source for the activity data
and the emission factors (EF) used.

Method used

D = IPCCdefault

RA = Reference Approach
Tierl = IPCC tier 1
Tier2 = IPCC tier 2
Tier3 = IPCC tier 3

C = CORINAIR

CS = Country-specific

M = Model

Source for the activity data
M = Model

Q = Questionnaires, surveys
PS = Plant-specific data

AS = Associations, business organizations
RS = Regional statistics

NS = National statistics

IS = |International statistics
Emission factor (EF)

D = IPCCdefault

C = CORINAIR

CS = Country-specific

PS Plant-specific
M = Model

60 of 974
14/04/2023



CLIMATE CHANGE National Inventory Report, Germany — 2023

0 Summary (ES)

As a Party to the United Nations Framework on Climate Change (UNFCCC), since 1994 Germany
has been obliged to prepare, publish and regularly update national emission inventories of
greenhouse gases. For determination of their National Determinated Contribution, the EU
countries have been making use of the joint fulfillment option under the Paris Agreement and
the UN Framework Convention on Climate Change They have been doing so via European
regulations, most recently EU Regulation 2018/8421! and its Implementing Regulation
2020/21262. Current European implementation, via regulations, has made the pertinent
requirements legally binding for Germany.

Pursuant to Decision 24 /CP.19, all Parties listed in ANNEX I of the UNFCCC are required to
prepare and submit annual National Inventory Reports (NIRs) containing detailed and complete
information on the entire process of preparation of such greenhouse-gas inventories. The
purpose of such reports is to ensure the transparency, consistency and comparability of
inventories and support the independent review process.

Together with the inventory tables in the Common Reporting Format (CRF), Germany submits a
National Inventory Report (NIR), which refers to the period covered by the inventory tables and
describes the methods and data sources on which the pertinent calculations are based. The
report and the inventory tables have been prepared pursuant to the UNFCCC guidelines on
annual inventories (FCCC/CP/2013/10/Add.3) and in conformance with the 2006 [PCC
Guidelines for national Greenhouse Gas Inventories (IPCC Guidelines, 2006) and the IPCC Good
Practice Guidance (IPCC-GPG, 2000).

In its Chapters 1 to 10, the NIR contains all the information relevant to the annual greenhouse-
gas inventory.

Chapter 1 provides background information about climate change and about greenhouse-gas
inventories, as well as further information relative to the Kyoto Protocol. Subsequently, it
describes the national inventory arrangements that, pursuant to Paragraph 20 of COP decision
24 /CP.19, are designed to support and assure compliance with all reporting obligations with
respect to atmospheric emissions and removals in sinks. In addition, this chapter describes the
basic principles and methods with which the emissions and sinks of the IPCC categories are
calculated, presents a short summary of key-category assessment and describes the Quality
System for Emissions Inventories (QSE). The chapter concludes with sections on uncertainties
analysis and completeness analysis.

Chapter 2 provides a general overview of development of emissions of direct and indirect
greenhouse gases and of removals of carbon dioxide in sinks.

Chapters 3 through 9 present information about the individual source and sink groups. Along
with general descriptions and information relative to the methods used, sub-chapters in this
section also include information about pertinent uncertainties, quality assurance and quality
control, recalculations carried out and planned improvements for relevant source and sink
categories.

1 REGULATION (EU) 2018/842 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 30 May 2018 on binding
annual greenhouse gas emission reductions by Member States from 2021 to 2030 contributing to climate action to
meet commitments under the Paris Agreement and amending Regulation (EU) No 525/2013

2 COMMISSION IMPLEMENTING DECISION (EU) 2020/2126 of 16 December 2020 on setting out the annual emission
allocations of the Member States for the period from 2021 to 2030 pursuant to Regulation (EU) 2018/842 of the
European Parliament and of the Council
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The inventories, the National System and the Quality System for Emissions Inventories have all
been further improved in keeping with the results of the reviews that have taken place in recent
years. More-detailed information about recalculations, and information relative to the
improvements and changes made with regard to the last greenhouse-gas inventory, is presented
in Chapter 10.

Annexes 1 through 7, in Chapters 14-20, contain more-detailed descriptions of key categories,
of individual categories, of the CO,-reference procedure, of completeness issues, of the National
System and the Quality System, of the CSE emissions database and of uncertainties.

More-detailed information about specific relevant issues is presented in the literature listed in
Chapter 21.

The Federal Environment Agency makes all calculations for the greenhouse-gas inventory and
carries out all relevant compilation. Data on emissions and sinks in the land use, land-use
changes and forestry sector have been provided by the Johann Heinrich von Thiinen Institute
(TD). The reporting is coordinated by the Federal Environment Agency (UBA).

0.1 Background information on greenhouse-gas inventories and climate
change (ES.1)

0.1.1 Background information about climate change (ES.1.1)

Ever since the start of industrialisation, significant trans-regional and global changes in the
substance balance of the atmosphere have been observed as a consequence of human activities.
Worldwide, concentrations of carbon dioxide (CO2) have risen by approximately 43 % compared
to their levels in pre-industrial times, whilst those of methane (CH4) have increased by 150 %
and those of nitrous oxide (N20) have risen by 20 %. Furthermore, a number of brand-new
substances - i.e. substances that for all intents and purposes do not occur in nature and are
produced almost exclusively by humans - such as chlorofluorocarbons (CFCs), halons,
perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), sulphur hexafluoride (SFs) and nitrogen
trifluoride (NF3) have entered the atmosphere. The Fifth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC)3 highlights the ways in which humans are
affecting the earth's climate.

0.1.2 Background information about greenhouse-gas inventories (ES.1.2)

With the Kyoto Protocol’s entry into force, in February 2005, the international community of
nations became obligated to implement binding action objectives and instruments for global
climate protection. In the first commitment period, which lasted from 2008 through 2012, the
European Community (at the time, with 15 Member States) committed itself to reducing its
greenhouse-gas emissions by 8 % with respect to the base year (1990 and 19954). This
commitment has been divided and fulfilled within the EU in the framework of a burden-sharing
agreement between the participating Member Statess. In that agreement, Germany agreed to
reduce its emissions by 21 % in comparison to the base year and thus agreed to make a
substantial contribution to fulfillment of the EU's commitment. With a reduction of over 26 % by
2012, Germany exceeded that goal.

3 [PCC Fifth Assessment Report: Climate Change 2007, available in the Internet at:
http://www.ipcc.ch/ipccreports/assessments-reports.htm

4 For HFC, PFC and SFs

5 Burden-sharing agreement, adopted with Council Decision 2002/358/EC of 25 April 2002 concerning the approval,
on behalf of the European Community, of the Kyoto Protocol to the United Nations Framework Convention on Climate
Change and the joint fulfilment of commitments thereunder [O] L 130 of 15 May 2002]
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In the framework of the second commitment period of the Kyoto Protocol, the European
countries have committed themselves to reducing their greenhouse-gas emissions by 20 % by
2020. At the same time, they have announced that, under certain conditions, this European
contribution could be increased to a 30 %9 reduction with respect to 1990. With a 34.3%
reduction by 2020, Germany also exceeded that goal.

0.2 Summary overview of emissions of greenhouse gases and their
removals in sinks (ES.2)

In the first commitment period, lasting from 2008 through 2012, Germany completely fulfilled
its obligations within the framework of the aforementioned European burden-sharing, with
regard to the base-year emissions determined in 2007 for the first commitment period?,
1,232,429.543 Gg (CO- equivalents). In the following year, 2013, emissions increased
considerably over their levels in 2012. Cold winter weather in 2013 was the primary factor for
this increase. In the following years, emissions were again considerably lower than their level in
2013, and they largely stayed in step with economic trends and weather patterns. Since 2017,
emissions have exhibited a markedly decreasing trend (cf. Chapter 2.1). In 2021, emissions did
increase again, however.

6 Information on the quantified emission limitation or reduction objectives (QELROs) for the second commitment
period under the Kyoto Protocol; SUBMISSION BY DENMARK AND THE EUROPEAN COMMISSION ON BEHALF OF
THE EUROPEAN UNION AND ITS MEMBER STATES, Copenhagen, 19 April 2012

7 The reference figures for determining achievement of reduction obligations under the Kyoto Protocol have been
defined in keeping with results of the review, carried out in 2007, of the initial report and of reporting for 2006
pursuant to Article 8 of the Kyoto Protocol. Pursuant to its obligations under the Kyoto Protocol and EU
burden sharing (Council Decision 2002 /358/EC), Germany's reduction obligations amount to 21 %.
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Figure 1: Development of greenhouse gases in Germany since 1990, by greenhouse gases ®
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* without LULUCF; Tier-2 uncertainties without LULUCF (cf. Chapter 1.7.1.2)

The individual greenhouse gases® contributed to this development to varying degrees (cf. Table
1). This is hardly surprising given that, in any given year the various greenhouse gases account
for varying proportions of total emissions (cf. Table 2). Detailed tables are provided in Annex
Chapter 19.3.

In 2021, with an 89.3 % share, carbon dioxide emissions again accounted for the largest share of
greenhouse-gas emissions. Most of the carbon dioxide is released via stationary and mobile
combustion of fossil fuels. As a result of a disproportionately large reduction of other
greenhouse-gas emissions, CO, emissions' share of total emissions has increased by about

5.0 percentage points since 1990. Methane (CH4) emissions, caused predominantly by animal
husbandry, fuel distribution and landfills, accounted for a 6.0 % share. Emissions of nitrous oxide
(N20), caused primarily by agriculture, industrial processes and burning of fossil fuels,
contributed 3.3 % of greenhouse-gas releases. Fluorinated greenhouse gases ("F gases")
contributed about 1.5 % to total emissions. The greenhouse gas NF3, which is now also being
reported, is of negligible importance. Furthermore, the low emissions of that substance are
confidential in part, meaning that part of the emissions have to be reported elsewhere. The
distribution of greenhouse-gas emissions in Germany is typical for a highly developed and
industrialised country.

Information about the relevant trends is provided in Chapter 1, while all detailed tables relative
to discussion of trends are provided in Annex Chapter 19.3.

8 * Not including COz emissions and removals from Land Use, Land Use Changes and Forestry (LULUCF).
9 Except where noted otherwise, all greenhouse-gas emissions expressed in terms of carbon dioxide equivalents have
been calculated using the global warming potentials (GWP) given in the 5th Assessment Report of the IPCC.
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Table 1: Emissions trends in Germany, by greenhouse gas and category

CO; emissions (without LULUCF) 1,054,741 939,897 898,938 865,471 831,130 807,614 812,816 833,804 794,739 798,085 801,745 785,986 754,811 707,491 647,252 678,799
Net CO; emissions/removals 1,083,501 909,585 891,603 865,778 820,839 791,170 787,704 809,946 778,062 779,213 780,350 767,606 739,346 692,963 643,742 675,066
CH, (without LULUCF) 132,606 115,632 96,046 72,574 60,100 58,551 58,893 57,899 56,368 55,895 54,178 53,339 51,098 48,261 47,051 45,688
CHg (including LULUCF) 138,936 121,955 102,370 78,999 66,607 65,061 65,409 64,421 62,898 62,436 60,719 59,883 57,762 54,832 53,613 52,255
N0 (without LULUCF) 51,554 49,111 32,472 33,367 27,449 27,458 27,584 27,718 28,202 28,155 28,019 27,548 26,383 25,669 24,922 24,767
N0 (including LULUCF) 52,440 49,981 33,332 34,466 28,576 28,582 28,712 28,841 29,350 29,314 29,145 28,679 27,526 26,805 26,068 25,931
F gases, sum (CO2 equi.) 1995 base year 12,324 16,021 12,735 13,576 13,701 13,880 14,056 14,085 14,085 14,523 14,619 14,710 13,879 13,212 11,697 11,104
Total Emissions without LULUCF (CO;

equi) 1,251,225 1,120,661 1,040,192 984,987 932,379 907,502 913,348 933,505 893,394 896,658 898,560 881,583 846,171 794,634 730,923 760,358
Total Emissions/Removals with LULUCF

(CO2 equi) 1,287,200 1,097,542 1,040,041 992,819 929,723 898,693 895,881 917,293 884,395 885,486 884,832 870,878 838,514 787,811 735,120 764,356

1. Energy 1,044,156 922,578 872,552 832,819 800,320 776,304 783,203 803,522 762,833 767,815 768,841 748,982 718,460 671,198 613,329 642,351
2. Industry 93,227 94,758 76,658 74,091 61,850 61,816 60,925 60,750 60,674 59,700 61,518 65,453 62,549 59,534 55,140 57,180
3. Agriculture 72,632 63,189 62,732 59,623 59,355 59,394 60,052 60,852 62,108 61,967 61,546 60,867 59,265 58,525 57,552 56,333
4. Land-Use Change and Forestry 35,976 -23,118 -151 7,832 -2,656 -8,809 -17,467 -16,213 -8,999 -11,172 -13,727 -10,705 -7,657 -6,822 4,197 3,998
CO; (net emissions) 28,760 -30,312 -7,335 307 -10,290 -16,444 -25,111 -23,859 -16,677 -18,872 -21,395 -18,380 -15,465 -14,529 -3,511 -3,733
N20 + CHa 7,215 7,194 7,183 7,525 7,635 7,634 7,644 7,646 7,677 7,700 7,667 7,675 7,808 7,707 7,708 7,731
5. Waste 41,209 40,136 28,250 18,454 10,853 9,987 9,167 8,381 7,780 7,175 6,655 6,281 5,897 5,377 4,901 4,494
Table 2: Contributions to emissions trends in Germany, by greenhouse gas and category

CO; emissions (without LULUCF) 84.30 83.87 86.42 87.87 89.14 88.99 88.99 89.32 88.96 89.01 89.23 89.16 89.20 89.03 88.55 89.27
CH, (without LULUCF) 10.60 10.32 9.23 7.37 6.45 6.45 6.45 6.20 6.31 6.23 6.03 6.05 6.04 6.07 6.44 6.01
N0 (without LULUCF) 4.12 4.38 3.12 3.39 2.94 3.03 3.02 2.97 3.16 3.14 3.12 3.12 3.12 3.23 3.41 3.26
F gases, sum 0.98 1.43 1.22 1.38 1.47 1.53 154 151 1.58 1.62 1.63 1.67 1.64 1.66 1.60 1.46

1. Energy 83.45 82.32 83.88 84.55 85.84 85.54 85.75 86.08 85.39 85.63 85.56 84.96 84.91 84.47 83.91 84.48
2. Industry 7.45 8.46 7.37 7.52 6.63 6.81 6.67 6.51 6.79 6.66 6.85 7.42 7.39 7.49 7.54 7.52
3. Agriculture 5.80 5.64 6.03 6.05 6.37 6.54 6.57 6.52 6.95 6.91 6.85 6.90 7.00 7.37 7.87 7.41
5. Waste 3.29 3.58 2.72 1.87 1.16 1.10 1.00 0.90 0.87 0.80 0.74 0.71 0.70 0.68 0.67 0.59

* Information on the structure of the Common Reporting Format (CRF): http://www.ipcc-nggip.iges.or.jp/public/gl/guidelin/ch1ri.pdf
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0.3 Summary of emissions estimates, and of trends for source and sink
groups (ES.3)

Figure 2 shows the contributions of the individual categories to total greenhouse-gas emissions.
It highlights the considerable constancy of the relative shares of the various categories and the
absolute predominance of energy-related emissions. On the other hand, absolute energy-related
emissions have continuously decreased over time. The variations that are superimposed over
this trend are largely temperature-related. Because temperatures - especially in winter - affect
heating patterns, they also affect energy consumption for heating, and thus they have major
impacts on annual trends in energy-related CO, emissions.

On the whole, greenhouse-gas emissions decreased by 39.2 % in 202110, Considerations of the
various components involved confirm this trend, to varying degrees. The relevant emissions
changes for the most important greenhouse gases in terms of quantity were as follows: -35.6 %
for carbon dioxide (CO2), -65.5 % for methane (CH4) and -52.0 % for nitrous oxide (N»0). The
corresponding trends for the so-called "F" gases, which contribute about 1.5 % of greenhouse-
gas emissions overall, have not been as clearly similar to each other, however. In keeping with the
introduction of new technologies, and with use of these substances as substitutes, since base
year 1995 SF¢ and PFC emissions have decreased, while HFC emissions increased. In total,
emissions of F gases have decreased by 30.7 % since 1995, however.

With respect to the previous year, 2020, total emissions increased by 4.0 %. That increase was
the largest seen since the year 1990.

Most prominently, CO; emissions from electricity generation increased sharply. Emissions from
public hard-coal-fired and lignite-fired power stations increased particularly markedly, as a
result of higher coal use for power generation. On the other hand, use of natural gas, which has
lower emissions than coal does, decreased in the second half of the year, as a result of gas-price
increases. The primary reason for the increased use of hard coal and lignite for electricity
generation is that renewables-based electricity generation decreased considerably with respect
to the previous year. The decrease in electricity generation from wind energy was especially
marked.

10 All figures do not include emissions from the category of Land Use, Land-Use Change & Forestry (LULUCF).
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Figure 2: Emissions trends in Germany since 1990, by categories'?
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Figure 3 shows the relative developments of emissions from categories since 1990. The most
pronounced reductions occurred in the chemical industry sector and in waste-related emissions.
Chemical industry emissions were affected especially by emissions reductions in the area of
adipic acid production, tied to measures carried outin 1997 and in 2009, and by emissions
reductions in solvent and product use, tied primarily to decreases in use of N,0 in anaesthesia. In
the waste sector, increased recycling of recyclable materials (driven by the Packaging
Ordinance), and reuse of materials as compost (driven by the Biowaste Ordinance), have led to a
sharp reduction in the quantity of waste that is landfilled and, thereby, to continuous reductions
in landfill emissions. The energy industry's emissions have also been decreasing considerably,
especially in recent years. In the sectors households and commerce/trade/services, emissions
have been decreasing overall since the mid-1990s, with sharp fluctuations due to weather
effects. A detailed discussion of emissions trends is presented in Chapter 1, Trends in
Greenhouse Gas Emissions.

11* Not including COz emissions from Land Use, Land Use Changes and Forestry (LULUCF).
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Figure 3:
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12 Emissions from Land Use, Land Use Changes and Forestry are reported in detail in the relevant chapter.
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1 Introduction

1.1 Background information on greenhouse-gas inventories and climate
change

1.1.1 Background information about climate change

Climate change consists of changes in average weather conditions, and in extreme events, over
an extended period of time. It can be either local or global.

Climate change may be attributable to the following causes:

e Changes in so-called "geo-astrophysical parameters" such as the solar constant, elements
of the earth’s orbit, etc.

e (Changes in the earth’s surface

e Changes in the energy balance in the "earth’s surface and atmosphere" system

e (Changes in the substance balance in the atmosphere (such as changes in the
concentration of greenhouse gases).

Greenhouse gases, among which are carbon dioxide, nitrous oxide (laughing gas), methane,
ozone and other gases (especially water vapour, the most important natural greenhouse gas),
have a particular property: They allow the energy-rich radiation falling onto the earth from the
sun (primarily in the visible, short-wave range) to pass almost unhindered, yet partially absorb
the long-wave radiation emitted by the heated earth. This places them in an energetically excited
state for a brief time, after which they return to their original basic state whilst emitting infrared
radiation. Heat radiation occurs equally in all spatial directions - in other words, a substantial
portion of this is returned to the earth’s surface ("thermal back radiation”). So that this
additional quantity of energy may nevertheless be irradiated (this must occur due to the
dynamic, energetic equilibrium, at whose centre are the earth and the atmosphere), the earth
must have a correspondingly higher temperature. This is a simplified description of the
greenhouse effect.

Without the greenhouse gases occurring naturally, life on our planet would not be possible.
Instead of having an average global temperature of approximately 15°C, the earth would have an
average temperature of approximately —-18°C. In other words, the natural greenhouse effect
protects our life on earth.

Since the beginning of the industrial era, mankind has brought about marked changes in the
atmosphere's substance cycles, however. These changes have been caused by humans' energy-
intensive lifestyles and related emissions of greenhouse gases. From 1750 to 2021, the
worldwide concentrations of carbon dioxide (CO2) increased by about 51 %. As in previous
years, the current CO; concentration in the atmosphere is the highest to have occurred over the
past 800,000 years, and it now stands at about 417 ppm (Global Carbon Project, 2022). In the
same period, the concentration of methane (CH4) in the atmosphere increased by a factor of 2.5,
to 1895.6 nmol/mol, and the concentration of nitrous oxide (N,O) increased to a level of 334.3
nmol/mol (UBA, 2022). Furthermore, a number of brand-new substances - i.e. substances that
for all intents and purposes do not occur in nature and are produced almost exclusively by
humans - such as chlorofluorocarbons (CFCs), halons, perfluorocarbons (PFCs),
hydrofluorocarbons (HFCs), sulphur hexafluoride (SF¢) and nitrogen trifluoride (NFs), have
entered the atmosphere.
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In spite of being "trace gases", greenhouse gases have considerable impacts. Their increasing
concentrations have led to the anthropogenic (human-caused) greenhouse effect, which
supplements the natural greenhouse effect.

The Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC, 2015) has
clearly confirmed that the earth's climate is currently changing: A wide range of changes have
occurred throughout the entire climate system since the middle of the last century. The
temperature of the lower atmosphere is rising, the oceans are warming, glaciers are melting,
permafrost soils are thawing, icecaps are losing mass and sea levels are continuing to rise.

Extensive observations, expanded models and profound insights into the pertinent
interrelationships indicate, with great reliability, that human activities are the main cause of the
climate change currently taking place.

Significant examples of observed climate changes include the following:

e By 2019, and with respect to the base period 1850-1990, the average global surface
temperature increased by 1.1 °C (World Meteorological Organization, 2020). Each of the
past three decades has been warmer than all the previous decades since 1850. In the
northern hemisphere, the last 30-year period (from 1983 to 2012) was the warmest such
period in the past 1,400 years.

e The year 2016 was the warmest to date since the beginning of record-keeping in the
second half of the 19th century. 2017 and 2015 were the next-warmest, and almost as
warm. Nine of the ten warmest years observed to date occurred after 2005, and the five
warmest years occurred after 2010 (World Meteorological Organization, 2018).

e Inthe period 1971 to 2010, the oceans have stored more than 90 % of the additional
energy fed into the climate system. The upper water layers in the world's oceans (0 to
700 meters) warmed considerably in the period from 1971 to 2010. From 1971 to 2010,
the temperature in the oceans' upper 75 meters rose by an average of 0.11°C per decade.
In addition, data gained during the observation period 1957 through 2009 suggest a
likelihood that the oceans have also warmed at water depths between 700 and 2,000
meters. Adequate measurement data for greater water depths are available only for the
period 1992 through 2005. For depths below 3,000 meters, they show warming that is
most pronounced in the southern oceans. Glaciers around the world have continued to
retreat, apart from just a few exceptions, and the earth's polar icecaps have lost mass. In
the entirely of the period 1971 through 2009, the average annual mass loss of glaciers
(not including glaciers at the periphery of the large ice caps) worldwide amounted to
about 226 gigatonnes per year. In a recent fraction of that period (1993 through 2009),
the loss rate had increased to about 275 gigatonnes per year, however.

e Over the period 1979 through 2012, the area covered by Arctic sea ice decreased at a
rate of 3.5 to 4.1 percent per decade. During the summer minimum (September), the
decrease reached rates of 9.4 to 13.6 percent per decade. During the same period, the
duration of the melting period increased by about 5.7 days per decade, and the thickness
of the winter pack ice in the Northern Arctic Ocean decreased by about 1.3 to 2.3 meters.

e The spring snow cover in the Northern Hemisphere has been decreasing since the
middle of the 20th century. From 1967 through 2012, snow cover during the months of
March and April decreased by an average of 1.6 percent per decade, while the June snow
cover decreased by 11.7 percent per decade.
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e As aresult of continuing melting of glaciers and icecaps, and of warming-related ocean-
water expansion, the global mean sea level rose by about 19 cm from 1901 to 2010. The
average rise during that period amounted to about 1.7 millimeters per year. Over the last
20 years, the average rise, at about 3.2 millimeters per year, was nearly twice as large,
however.

The climate change will have extensive impacts on ecological and societal systems, with
potentially serious consequences.

In 2015, the international community adopted the Paris Agreement, which aims to prevent
dangerous climate-change impacts by limiting global warming to considerably less than 2 °C -
and to 1.5 °C if possible - with respect to the pre-industrial temperature level (1.1°C of warming
has already occurred) (World Meteorological Organization, 2020)). Successful limiting of
warming to considerably less than 2 °C can be expected only in a scenario with highly ambitious
climate policies.

The latest research findings indicate that greenhouse-gas emissions must reach their final
maximum no later than 2020 and that a trend reversal must then begin taking place. In
subsequent years, global emissions then urgently need to be reduced by at least 50 % by the year
2050, with respect to the emission level of the year 2000 .

1.1.2 Background information about greenhouse-gas inventories

The world's nations were quick to recognize that the expected temperature changes would pose
threats to ecosystems and to human civilisation, because the changes would take place relatively
quickly, and existing systems would not be able to adapt to the new climate conditions without
suffering damage.

The Framework Convention on Climate Change was adopted in 1992, in Rio de Janeiro, by nearly
all nations of the world. Since 1994, the countries listed in ANNEX I of the Framework
Convention on Climate are required to submit annual inventories of greenhouse gases, as of 15
April of each year, to the Secretariat of the Framework Convention. Such inventories must
include data on emissions and sinks for the base year (1990 for CO2, N20, CHs; 1995 for HFCs,
PFCs, SFs and NF3) and for all years until two years prior to the year of the relevant report
(UNFCCC, 2013b)).

At the third Conference of the Parties to the UN Framework Convention on Climate Change, held
in Kyoto, legally binding obligations on emissions limitations and reductions were defined, for
the first time, for the countries listed in ANNEX I. In the first commitment period under the Kyoto
Protocol, industrialised nations were required to reduce their emissions of the six greenhouse
gases carbon dioxide (CO2), methane (CH4), nitrous oxide (N20), hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs) and sulphur hexafluoride (SF¢) by an average of 5.2 percent in the
period 2008 through 201213, In the second commitment period of the Kyoto Protocol, the list of
relevant gases was expanded to include nitrogen trifluoride (NF3) and six hydrofluorocarbons
(HFC-152, HFC-161, HFC-236cb, HFC-236ea, HFC-245fa, HFC-365mfc) and two perfluorocarbons
(C-C3F6, C10F13).

For the first commitment period, the European Union adopted an obligation to reduce emissions
by 8 %, with respect to the base year. For the second commitment period in the framework of the
Kyoto Protocol, the European Union has adopted an obligation to reduce its GHG emissions by 20

13 The average reduction, 5.2 %, was calculated from the emissions limitations and reductions that the various parties
to the Kyoto Protocol entered in the Protocol's Annex B.
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%, with respect to the base year, by 2020. Via the European Effort Sharing Decision!4, that
obligation has been divided among the 28 Member States and the European Union. While
emissions reductions in those areas of inventories that are subject to emissions trading have
been implemented at the European level, the Member States are responsible at the national level
for emissions reductions in inventory areas not subject to emissions trading. Previously,
Germany was obligated to reduce its emissions to 451.33 million tonnes of CO;-equivalents, by
2020.

As of 2021, the European Union’s reduction commitment for the period through 2030, as set
forth in its Nationally Determined Contribution (NDC), has been divided, via the European Effort
Sharing Regulation, among the 27 Member States, along with Norway and Iceland. Under this
regulation, Germany is now obligated to reduce its emissions to 300.57 million tonnes of CO»-
equivalents by 203015,

The effectiveness and success of the Paris Agreement in reducing global greenhouse gas
emissions - like the effectiveness and success of Kyoto Protocol in this regard - depend on two
key factors: Whether its Parties abide by the rules of the Agreement, make their promised
contributions, and set even more ambitious goals; and whether the emissions data used for
controlling compliance are reliable. As such, national reporting and the subsequent international
review of emissions inventories play a key role.

1.2 Description of institutionalisation of inventory preparation, including
the legal and procedural definitions relative to the planning,
preparation and management of the inventory

Decision 24 /CP.19 calls on all Annex I states to establish and describe national institutional
arrangements for preparation of greenhouse-gas inventories. As was the case in the years
through 2020, the national institutional arrangements established in Germany in this regard
fulfill the provisions of Article 5.1 of the Kyoto Protocol, the requirements of Decision 24 /CP.19,
and the provisions of the European Governance Regulation for the Energy Union and Climate
Action.16

The national institutionalisation serves the purpose of inventory preparation in accordance with
the principles of transparency, consistency, comparability, completeness and accuracy. Such
conformance is achieved through use of the methodological regulations from the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories, through ongoing quality management and
through continuous inventory improvement.

The institutionalisation (establishment of a National System pursuant to Art. 5.1 of the Kyoto
Protocol) was completed by 2011, on the basis of a 2007 agreement between state secretaries of
the involved ministries. Initially, this occurred via the establishment of a National Co-ordinating
Committee and of pertinent in-house regulations for the German Environment Agency (UBA).
Later, institutionalisation was completed primarily via signing of relevant agreements with other
federal institutions, with industrial associations and with individual business enterprises. In
2013 and 2014, the then-existing National System was adapted to the requirements applying
under the second commitment period of the Kyoto Protocol and expanded.

14 Decision No 406/2009/EC of the European Parliament and of the Council of 23 April 2009

15 REGULATION (EU) 2018/842 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 30 May 2018 on binding
annual greenhouse gas emission reductions by Member States from 2021 to 2030 contributing to climate action to
meet commitments under the Paris Agreement and amending Regulation (EU) No 525/2013

16 REGULATION (EU) 2018/1999 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 11 December 2018 on
the Governance of the Energy Union and Climate Action
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The requirements-conformal institutionalisation and function of the National System has been
repeatedly confirmed by all international reviews carried out to date, including the 2010 and
2016 In-Country Reviews.

1.2.1 Overview of the institutional, legal and procedural arrangements made for
preparation of greenhouse-gas inventories

At the ministerial level, the National System was established in 2007, under the leadership of the
Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU), via an
agreement of 5 June 2007, signed by state secretaries of the participating ministries, that serves
as a pertinent policy paper and is entitled "National Emissions Reporting System" ("Nationales
System zur Emissionsberichterstattung"). With the inclusion of the then Federal Ministry of Food
and Agriculture (BMEL), the then Federal Ministry for Economic Affairs and Energy (BMWi), the
then Federal Ministry of Transport and Digital Infrastructure (BMVI), the then Federal Ministry
of the Interior, Building and Community (BMI), the Federal Ministry of Finance (BMF) and the
Federal Ministry of Defence (BMVg), all key institutions and organisations were included in
preparing emissions inventories that are in a position to provide high-quality specialised
contributions (cf. Chapter 1.2.1.4). The policy paper on emissions reporting defines the relevant
responsibilities of the various participating federal ministries, and it mandates that the National
System is to be built on the basis of existing institutions and data streams. Where the data
streams are incomplete, the pertinent gaps are to be closed by the responsible ministries, via
suitable activities. In support of the reporting process, the participating ministries established a
co-ordinating committee (cf. Chapter 1.2.1.1).

With the restructuring of responsibilities within the Federal Government following the 2021
parliamentary elections (to the Bundestag), the responsibility for the area of national climate
action - and, therefore, for management of reporting on greenhouse emissions - passed to the
Federal Ministry for Economic Affairs and Climate Action (BMWK).

The "National Emissions Reporting System" policy paper also assigns the German Environment
Agency the task of serving as the Single National Entity for Germany. Within the German
Environment Agency, the Emissions Situation section has been entrusted with this task (cf.
Chapter 1.2.1.2). At the level of the German Environment Agency, the Single National Entity
integrates other specialised agencies within the system of national institutional arrangements,
and it coordinates the contributions of the other institutions and organisations involved in
emissions reporting. For co-ordination of pertinent work within the German Environment
Agency, a working group on emissions inventories was established (cf. Chapter 1.2.1.3). For
implementation, within the German Environment Agency, of the IPCC guidelines for quality
control and assurance, a Quality System of Emissions was established in 2005, via an in-house
directive (cf. Chapter 1.3.3.1.1).

The following Figure 4 provides an overview of the structure of the National System in Germany.

The "National Emissions Reporting System" policy paper of 5 June 2007 is presented in Annex
Chapter 19.1.1.
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Figure 4:

Structure of the National System of Emissions (NaSE)
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1.2.1.1

The National Co-ordinating Committee

In its Sec. 2, the state secretaries' resolution of 5 June 2007 provides for the establishment of a
National Co-ordinating Committee that is to be headed by the Federal Ministry for the
Environment, Nature Conservation and Nuclear Safety (BMUV) and to include representatives of
all federal ministries that participate in emissions reporting. Following the restructuring of
responsibilities within the Federal Government, the responsibility for managing the National Co-
ordinating Committee lies with the Federal Ministry for Economic Affairs and Climate Action

(BMWK).

The National Co-ordinating Committee has the tasks of supporting the emissions-reporting
process and clarifying open issues pertaining to the institutionalisation. In particular, the

Committee carries out consultations with regard to gaps in data streams and settles issues
pertaining to assigned responsibilities.

In addition, the National Co-ordinating Committee is responsible for approving releases of
inventories and of the National Inventory Report.

The National Co-ordinating Committee met for the first time on 21 December 2007. It meets at
least once annually. Between meetings, the participating federal ministries carry out co-

ordination via electronic communication.

Now, after the second commitment period of the Kyoto Protocol, the National Co-ordinating
Committee continues to be an important, established component of the institutionalised
arrangements for emissions reporting in Germany.

1.2.1.2

Single National Entity (co-ordination agency) for the National System

The state secretaries' policy paper of 5 June 2007 appointed the German Environment Agency
(UBA) to carry out tasks of the Single National Entity for emissions reporting (national co-
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ordination agency). The German Environment Agency's in-house directive (Hausanordnung)
11/2005 gave its "Emissions Situation" Section responsibility for carrying out that function.

The Single National Entity's tasks include planning, preparing and archiving of inventories,
describing inventories in the inventory reports and carrying out quality control and assurance
for all important process steps. The Single National Entity serves as a central point of contact,
and it co-ordinates and informs all participants in the emissions reporting process. During the
period 2003 to 2007, the Single National Entity has given priority to developing new data
sources. Since 2008, its focus has been especially on a) improving existing data sources and
safeguarding their availability for the long term, and b) maintaining the institutionalisation of
data streams. Furthermore, institutions and organisations that need to be integrated within the
reporting process have been identified and are now being successively integrated (cf. Chapter
1.2.1.4). In the years 2014 - 2016, its work focused especially on implementation of provisions
under the second commitment period of the Kyoto Protocol, and on implementation of the
Revised UNFCCC Reporting Guidelines, within the reporting system. Since 2021, its work has
been concentrated on implementation of the modalities, procedures and guidelines (MPG) of the
enhanced transparency framework under the Paris Agreement, and on making preparations for
reporting under the Paris Agreement. Other important work has had to do with implementing
the Quality System for Emissions Inventories (cf. Chapter 1.2.2).

The Single National Entity has developed two key instruments for carrying out those 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 data, emission factors). The
CSE is the main instrument for documentation and quality assurance at the data level.

Both within and outside of 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 within the German Environment Agency in 2005 via in-house
directive 11/2005, it comprises the processes necessary for continually improving the quality of
greenhouse-gas-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). Ongoing quality improvement in the
framework of the QSE is supported by a database that serves as the repository for all tabular
documents emerging from the national QC/QA process (QC/QA plan, checKlists, lists of
responsibilities, etc.).

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 IPCC Good Practice Guidance. For the second commitment period, the
quality control procedures have been brought into line with the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories.

Since 2008, the QSE has been expanded to cover the entire National System. This has occurred
via integration of additional authorities, institutions and inventory experts in the quality-
management process - via specification of minimum requirements for data documentation,
QC/QA and archiving. In addition, the procedure is designed to enable other organisations to
develop their own internal quality assurance systems on the basis of their existing structures.
The QSE is described in detail in Chapter 1.3.3.
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1.2.1.3 Working Group on Emissions Inventories, in the German Environment Agency

In its inventory work, and especially in work relative to emission factors, the Single National
Entity receives significant support from other working units of the German Environment Agency,
as well as from the Thiinen institutes involved in preparation of the inventory. In addition,
associations, companies and other independent organisations are integrated within the
reporting system, for purposes of data provision, primarily via the German Environment
Agency's specialised units that are responsible for the specific issues involved in each case.

In 2003, a Working Group on Emissions Inventories was set up to co-ordinate relevant work
within the German Environment Agency; since then, it has liaised with all of the experts who are
involved in inventory preparation.

The Single National Entity convenes meetings of the working group at least once a year. In
addition, relevant members of the working group meet as necessary to discuss specific issues
and to make any necessary in-house arrangements.

As necessary, information is provided via events of the working group, via the intranet of the
Single National Entity for emissions reporting and via a newsletter produced by the Single
National Entity on the Central System on Emissions (CSE) database.

1.2.14 Co-operation by the Single National Entity with other federal institutions and with
non-governmental organisations, in the framework of reporting

Via the "National Emissions Reporting System" policy paper of 05 June 2007, the involved
ministries defined their responsibilities, relative to the various relevant source and sink
categories, for the first commitment period of the Kyoto Protocol.

Furthermore, the relevant resolution sets forth that involved federal ministries are to undertake
suitable activities to close data gaps that fall within their areas of responsibility. As necessary,
data gaps are to be closed via provision of pertinent data, or via relevant calculations. In some
cases, required data may be provided by reliable third parties.

The relevant arrangements remain valid after the second commitment period.

For some of the data streams moving to the Single National Entity from other federal institutions,
special agreements have been concluded between a) the relevant institution in the case in
question and b) the Single National Entity.

With regard to data provision by the Federal Statistical Office, relative to emissions reporting,
a legal arrangement was made in 2009, in the framework of an omnibus act (3rd SME Relief Act
(MEG 3)), with application (inter alia) to the Energy Statistics Act (EnStatG). Following the
amendment of the EnStatG in 2017, it was integrated within Sec. 13 (2) of that act. The MEG 3
makes possible the provision of data, for purposes of emissions reporting, from energy,
environmental and production statistics that are subject to statistical confidentiality. On that
basis, on 13 January 2010 an administrative agreement between the German Environment
Agency and the Federal Statistical Office came into force that specifies data deliveries for
emissions-reporting purposes. The agreement provides for annual reviews of the German
Environment Agency's data requirements. In addition, a process of close direct exchanges
between the Single National Entity and the Federal Statistical Office, regarding issues of
emissions reporting, has been institutionalised.

The "National Emissions Reporting System" policy paper assigns responsibility for the areas of
agriculture and LULUCF to the Federal Ministry of Food and Agriculture (BMEL). The BMEL has
commissioned its subordinate departments to carry out the tasks necessary for emissions
reporting. That commissioning took place via a directive of 29 July 2007 to the (then) Federal

76 of 974
14/04/2023



CLIMATE CHANGE National Inventory Report, Germany — 2023

Agricultural Research Centre (FAL). As a result of a restructuring of the FAL as of 1 July 2008, the
tasks are now carried out by the Thiinen Institute (TI). The relevant work includes all tasks in
the agriculture and forestry sectors that are necessary for the preparation of the annual
emissions inventories, including the writing of the relevant reports. The TI sends the pertinent
data and report to the Single National Entity. With a concept (BMELV, 2016) that names and
specifies all pertinent processes and actors, and the actors' roles, the BMEL and TI codified the
procedures for preparation of emissions and carbon inventories for source and sink categories 3
and 4 (agriculture and forestry), and for KP-LULUCF (Art. 3.3. and 3.4 KP), and including a
quality assurance concept.

In addition, on 13 February 2008, the TI concluded an agreement with the Federal Statistical
Office on provision of emissions data on the basis of agricultural statistics. A research and
development agreement between the TI and the Association for Technology and Structures in
Agriculture (KTBL) has been in place since 7 July 2009. That agreement specifies the supporting
work that the KTBL is to carry out for emissions reporting.

Furthermore, a working group on emissions reporting has been established within the TI, to
serve as liaison to the Single National Entity within the German Environment Agency. That
working group also has responsibility for planning and QC/QA for categories CRF 3 and CRF 4.

Responsibility for co-ordination of the Working Group on Emissions Reporting lies with the TI's
Institute of Climate-Smart Agriculture (AK). Responsibility for reporting on agriculture and
LULUC lies with the same institute, while responsibility for reporting on forests pursuant to the
Convention and Kyoto Protocol Arts. 3.3 and 3.4 lies with the TI's Institute of Forest Ecosystems.
As of the second commitment period of the Kyoto Protocol, the Thiinen Institute of Wood
Research (TI-HF) has responsibility for reporting on emissions from harvested wood products
(HWP).

The working group on emissions reporting at the TI is integrated within the via direct (inter-
departmental) participation within the Single National Entity's communications structures. The
working group at the Tl is also part of the working group ist on emissions inventories
(Arbeitskreis Emissionsinventare — AKEI) within the German Environment Agency, and it is fully
integrated within the Single National Entity's Quality System for Emission Inventories (QSE).

At least twice per year, additional co-ordinating meetings take place between the working group
at the TI and the Single National Entity, for purposes of co-ordination and information provision
- for example, with regard to inventory improvements and research projects.

Involvement of economic associations, companies and other independent organisations is
achieved primarily via those departments of German Environment Agency divisions [, Ill and V
that are responsible for pertinent concrete issues. The Single National Entity supports the
departments in discussion of reporting requirements and in determination of requirements for
data-sharing by associations. The data flows are continually reviewed by the Single National
Entity and, where necessary, are updated and safeguarded by suitable agreements between the
Single National Entity and associations / business enterprises.

The Working Group on Energy Balances (AGEB) is contractually obligated, via the Federal
Ministry for Economic Affairs and Energy (BMWi), to provide Energy Balances. Use of a co-
ordinated schedule ensures that a provisional Energy Balance for the last reported year is
prepared on time, and is transmitted to the German Environment Agency, by 31 July of each year,
for purposes of inventory preparation. An effort is made to transmit the final Energy Balance by
28 February of year x+2. The current agreement will end in 2022, with the preparation of the
final Energy Balance for 2020. In 2019, and beginning with the 2018 provisional Energy Balance,
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responsibility for provision of data on renewable energies passed over to the Working Group on
Renewable Energy Statistics (Arbeitsgruppe Erneuerbare Energien-Statistik (AGEE-Stat).

In 2008, a sample agreement was prepared for inclusion of non-governmental agencies
within the National System. That agreement is used to involve stakeholders, under binding
terms, within preparation of inventories. The sample agreement is adapted to the various data
suppliers' own requirements and needs as is necessary. In July 2009, the Federal Ministry for
Economic Affairs and Energy (BMWi) and the German Environment Agency concluded an
agreement, with the German Chemical Industry Association (VCI) and German producers, on
data provision in the categories Ammonia (2.B.1) and Nitric acid (2.B.2). In early summer 2014,
that agreement was adapted to the requirements applying under the Revised UNFCCC Reporting
Guidelines and the 2006 IPCC Guidelines. In addition, in 2009 agreements on data provision
were reached with producers of adipic acid (2.B.3) located in Germany. Furthermore, an
association agreement was concluded with the VDD industry association for bitumen paper and
bitumen roof sheeting relative to the category Bitumen for roof sheeting (2.D.3.c). Since 2009,
data for the aforementioned categories for emissions reporting have been provided on the basis
of these agreements. In 2021, cooperation agreements were concluded with both soda ash
producers (for all three production facilities in Germany). At the German Environment Agency
(UBA), the reported data on production quantities are combined, and used in time-series formats
(for the period as of 2013).

In June 2011, the Single National Entity, acting with the support of the responsible ministry, the
Federal Ministry for Economic Affairs and Energy (BMWi), entered into a cooperation agreement
with the Wirtschaftsvereinigung Stahl German steel industry association. That agreement had
become necessary because the Federal Statistical Office had discontinued its data collection and
publication activities for Fachserie 4 Reihe 8.1 (iron and steel statistics) as of 31 December 2009,
due to the expiration of the pertinent legal basis (Raw-materials-statistics act (Gesetz zur
Neuordnung der Statistiken der Rohstoff- und Produktionswirtschaft einzelner
Wirtschaftszweige (Rohstoffstatistikgesetz — RohstoffStatG; Act for reordering of the statistics on
raw materials and production in individual economic sectors)). That move had considerably
reduced the availability of the bases for calculations in that area, and it created a significant gap
in the pertinent data streams. The new cooperation agreement closed that gap. The agreement
assures data provision by both member companies of the assocation and by non-member
companies.

A relevant voluntary commitment of semiconductor manufacturers with production sites in
Germany, a commitment that served as the basis for data provision for category 2.F.6, expired on
31 December 2010. In August 2012, the Single National Entity acted to close the resulting
potential data gap by entering into a cooperation agreement, with the Electronic Components
and Systems (ECS) division of the German Electrical and Electronic Manufacturers' Association
(ZVED), that is designed to assure long-term provision of data to the German Environment
Agency for category 2.E.1.

These agreements provide a reliable long-term framework for data provision, and they have had
the effect of considerably improving data quality in the relevant categories.

1.2.15 Binding schedule for productionof emissions inventories

The binding schedule for preparation of emissions inventories and of the NIR is announced to all
relevant internal and external stakeholders via the German Environment Agency's i