
German Environment Agency

POSIT ION  // august 2025

Methane, the underestimated 
greenhouse gas
Sources, effects, 
mitigation options



Imprint

Publisher:
German Environment Agency
Wörlitzer Platz 1
06844 Dessau-Roßlau
Phone: +49 340-2103-0
Fax: +49 340-2103-2285
buergerservice@uba.de
Website: www.umweltbundesamt.de

Authors:
Johanna Appelhans, Christian Böttcher, Kai Keßler, 
Christian Mielke, Anja Nowack, Katja Purr, Anja Schwetje, 
Diana Sorg, Jens Tambke

Editors:
Patrick Gniffke
Diana Sorg
Yaman Tarakji

Design:
Atelier Hauer + Dörfler GmbH

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

Photo Credits:
Title: © 2022 Ansario/Shutterstock
p. 4: © 2016 KYTan/Shutterstock
p. 6: © 2021 Veranika848/Shutterstock
p. 7: © 2015 geniusksy/Shutterstock
p. 8: © 2016 Lena Wurm/Shutterstock
p. 19: © 2016 Rudmer Zwerver/Shutterstock
p. 28: © 2022 Andriana Syvanych/Shutterstock
p. 30: © 2020 elRoce/Shutterstock

As at: August 2025

ISSN 1862-4804

© All rights reserved.

mailto:buergerservice@uba.de
http://www.umweltbundesamt.de
http://www.umweltbundesamt.de/publikationen


position // august 2025

Methane, the underestimated 
greenhouse gas
Sources, effects, 
mitigation options





5

Table of contents

Table of contents

Introduction .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1 �Political recommendations by the German Environment Agency.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2 Relevance of methane .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1 Climate impact and GWP  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.2 Role in air pollution control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.3 Methane sources and sinks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3 Mitigation strategies .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.1 Targets for methane reduction.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.2 Measures for the mitigation of methane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

4 �Recording and transparent reporting of methane emissions  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.1 Earlier reporting about the Framework Convention on Climate Change and the Kyoto Protocol  .. . . . . . . . . 28
4.2 Detection of methane with the help of satellites.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.3 Harmonisation of reporting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

Literature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

List of figures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33



6

Introduction 

Introduction 

Methane (CH4) is the second most important green-
house gas after carbon dioxide. Methane in the at-
mosphere due to human activity contributes in total 
approximately 0.5 degrees Celsius to net tempera-
ture increases (Intergovernmental Panel on Climate 
Change (IPCC) 2021). On top of this, methane is a key 
precursor for the formation of ground-level ozone 
(O3). Ozone is linked to some health issues whilst 
also damaging ecosystems and crops. A reduction 
in methane emissions helps contribute to climate 
protection, public health, and also helps protect 
ecosystems.

Over the last few years there have been efforts at both 
an international and European level to significant-
ly reduce methane emissions and set out specific mit-
igation targets. As methane only remains in the at-
mosphere for a relatively short time (between 9 and 
12 years), mitigation of CH4 can play an important 
role in restricting global warming in the short term. 
A reduction in methane emissions is one of the key 
objectives in the European Green Deal1, and the EU 
methane strategy (COM(2020)) that was published 
in October 2020 provides options for mitigation of 
methane in the relevant sectors. The European Meth-
ane Regulation (EU Regulation (EU) 2024/1787) came 

1	 https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_de

into force on 5 August 2024. It requires fossil energy 
infrastructures operators to measure methane emis-
sions regularly, eliminate leaks quickly and reduce 
the venting and flaring of gases. The regulation is 
part of the EU’s ‘Fit for 55’ package2, which aims at re-
ducing greenhouse gas emissions in the EU by at least 
55 percent by 2030. Moreover, Germany committed 
to reduce methane emissions by 30 percent by 2030 
compared to 2020 levels at the 26th Conference of 
the Parties of the UNFCCC. Furthermore, the USA and 
the EU initiated the “Global Methane Pledge” in Sep-
tember 2021 (Climate and Clean Air Coalition (CCAC) 
et al., 2021). By signing this declaration, over 100 
countries are obligated to reduce methane emissions 
by 30 per cent in 2030 relative to emissions in 2020.

Despite the initiatives in place to reduce methane 
emissions, many people remain unaware of how 
necessary a reduction in CH4 emissions is and the 
benefits this would bring. With this paper, the 
German Environment Agency aims to provide in-
formation about the effects and the most important 
sources of methane emissions whilst specifying con-
crete measures to reduce methane at a national level 
and worldwide.

2	 https://www.consilium.europa.eu/en/policies/fit-for-55/

https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_de
https://www.consilium.europa.eu/en/policies/fit-for-55/
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Political recommendations by the German Environment Agency

1 �Political recommendations by the 
German Environment Agency

Germany has made progress in reducing methane 
emissions over the last few years. Measures that have 
already been put in place have achieved considerable 
success, particularly in the waste sector. The German 
Environment Agency encourages the following meas-
ures in order to achieve further reductions in meth-
ane whilst contributing to the stated initiatives for 
reducing CH4: 

Energy and industrial sector:

	▸ Consistent, regular programmes for detection and 
repair of leaks in gas infrastructure (Leak Detec-
tion and Repair (LDAR) Programme) under the 
EU Methane Regulation ((EU) 2024/1787).

	▸ Introduction of a methane emission limit for com-
bustion engines in the EU Directive on medium 
combustion plants ((EU) 2015/2193)

	▸ Introduction of a limit on methane emissions for 
small combustion engine plants (< 1 megawatt 
rated thermal input) as part of an  Ordinance on 
the Implementation of the Federal Immission 
Control Act

	▸ Development of emission control technology for 
reducing methane emissions from stationary com-
bustion engines 

	▸ Transformation of the energy system as well as the 
application areas of heat, transport and indus-
try and phase-out of all fossil fuels. Renewable 
energies and renewable electricity should be used 
directly where it is technically feasible.

	▸ Lowering the demand for methane and gas: Using 
electricity directly is the most efficient solution. 
Use of fuels, such as renewable gas, should only 
take place where it is technically necessary. 

	▸ Phasing out gas-based heating technologies: 
There are sufficient fuel-free alternatives based on 
renewable energies such as solar power, geother-
mal energy and environmental heat (with heat 
pumps) for buildings. Gas heating systems should 
no longer be installed by 2026 at the latest, so 
phasing out such technologies when considering 
the use cycles should take place by 2045 at the 
latest. 

	▸ Electrification of equipment in the gas network: 
The operating equipment (compressor, preheating 
route) in the gas network should be electrified and 
be no longer operated with gas as part of rigorous-
ly transforming the energy system into something 
sustainable.
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Agricultural sector:

	▸ Mitigation of methane from animal digestion 
particularly by reducing the animal population, 
supplemented by the potential to mitigate meth-
ane emissions per unit of product via feed addi-
tives, feed, breeding, improving animal welfare, 
animal health and longevity

	▸ Improving manure fermentation in biogas plants

Waste sector:

	▸ Call for an end to landfilling and dumping of bio-
waste and organic-rich municipal waste world-
wide. This is the only way to sustainably prevent 
the formation of methane in landfills and thereby 
the long-term emissions from landfills.

	▸ Extent the separated collection and encourage and 
support composting, digestion or other treatment 
of biowaste worldwide.

	▸ Avoid and reduce food waste at both national and 
global levels

	▸ Capture and recover the energy of landfill gas

	▸ Improve communications regarding the reduction 
potential of the waste sector as well as the 
quantification and measurement of emissions and 
avoided emissions

Overarching cooperation and communication:

	▸ Setting out a mitigation target for methane as part 
of revising the Gothenburg Protocol under the 
UNECE Air Convention

	▸ Cooperate more closely with international actors 
such as the “Climate and Clean Air Coalition” 
(CCAC), UN organisations and the Gesellschaft für 
Internationale Zusammenarbeit (GIZ)

	▸ Support and improve the synergies between 
national targets (Nationally Determined Contri-
butions (NDCs)), framework conditions and the 
implementation at a local level (towns, private 
sector, non-government organisations)

	▸ Avoid methane emissions by improved support 
and financing, which also includes international 
climate protection initiatives and funds.
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2 Relevance of methane 

2.1 Climate impact and GWP  
After carbon dioxide, methane is the second most im-
portant greenhouse gas directly caused by humans. 
If we consider the same mass of methane and carbon 
dioxide that is emitted (such as 1 tonne), the green-
house effect of methane is 28 times that of carbon di-
oxide if a period of 100 years after emission is tak-
en into consideration as a whole (Metric: GWP-100), 
(IPCC 2014). According to more recent research, the 
greenhouse effect of methane using the GWP-100 
metric is 30 times that of CO2 (IPCC 2021).

During the last 650,000 years, the concentration of 
methane in the atmosphere lay between 400 ppb 
(parts per billion) during the ice ages and 700 ppb 
during the warm periods. It has risen from 722 ppb in 
1750 to around 1,900 ppb in 2021. The current value 
is unprecedented over the course of the last 650,000 
years. Whilst earlier data was based on air bubbles 
trapped in ice or firn, since 1983 the methane con-
centration has been measured directly in the atmos-
phere in a globally representative manner. The con-
centration of methane has risen very clearly during 
this period. In total, anthropogenic methane in the 
atmosphere has made a contribution to anthropo-
genic warming of around 30 per cent in total (gross). 
This corresponds to a gross temperature increase of 
around 0.5 degrees Celsius to this day (IPCC 2021).  

2.2 Role in air pollution control  
Alongside nitrogen oxides (NOX), non-methane vola-
tile organic compounds (NMVOC) and carbon monox-
ide (CO), methane is a key precursor for the formation 
of ground-level ozone (O3). Ozone is linked to health 
issues such as eye irritation, respiratory problems, in-
flammatory reactions in the respiratory tract and de-
creased lung function. Ozone can also harm ecosys-
tems and crops. Longer periods of exposure to even 
moderately higher concentrations of ozone are a risk 
to plant growth, crop productivity, the quality of agri-
cultural products and ecosystem services such as car-
bon sequestration in forests.

According to a study commissioned by the German 
Environment Agency (Butler et al. 2020) approximate-
ly one third of annual ground level ozone in Germany 
(roughly 20 micrograms per cubic metre (µg/m3)) is 

caused by the oxidation of methane, and just a small 
proportion of this (roughly 3 micrograms per cubic 
meter) is due to the oxidation of methane within Eu-
rope. This means that most of the methane originates 
from sources outside Europe. Global action is there-
fore required to mitigate the impact methane has on 
the formation of ground-level ozone.

2.3 Methane sources and sinks
Biogenic methane is produced where organic mate-
rial decays in the absence of air. The gas is created 
by microorganisms that produce methane, known as 
methanogenic archaea, such as those in the diges-
tive tracts of ruminants (enteric fermentation), but 
also from fermentation processes in landfill bodies. 
Permafrost soils that are thawing out due to climate 
change means decomposition of animal and plant re-
mains in the absence of air, which also contributes to 
the formation of methane.

Warming of the oceans melts methane hydrate (ice 
with methane), releasing it. The methane that was 
created via biochemical transformation of organ-
ic material over millions of years as a result of im-
mense pressure and high temperatures, is generally 
described as being a fossil fuel and is industrially ex-
tracted as an energy source. Methane can also arise 
from geothermal processes, such as in hydrother-
mal vents.

Processes that remove methane from the atmos-
phere are known as methane sinks. The most impor-
tant sink is the oxidation of methane due to the hy-
droxyl radical OH in the troposphere. Soils are also a 
small sink for atmospheric methane: Bacteria in the 
uppermost soil layers use CH4 as an energy source 
and break it down. Scientific investigations show that 
methane storage in soils is dependent on many envi-
ronmental factors, such as substance discharges and 
climatic conditions. So far, knowledge does not suf-
fice to reliably illustrate these interactions in models.
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2.3.1 Situation in Germany

Figure 1

Methane emissions from Germany in 2023 in kt
according to reporting categories*

* excluding LULUCF und reported data Source: German Environment Agency: https://www.umweltbundesamt.de/sites/default/files/
medien/11867/dokumente/2025_01_14_em_entwicklung_in_d_trendtabelle_thg_v1.0.xlsx

Figure 2

Methane emissions from Germany
according to reporting categories*

* excluding LULUCF und reported data Source: German Environment Agency: https://www.umweltbundesamt.de/sites/default/files/
medien/11867/dokumente/2025_01_14_em_entwicklung_in_d_trendtabelle_thg_v1.0.xlsx
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In 1990, methane emissions accounted for around 
10 per cent of total greenhouse gas emissions in 
Germany (converted in carbon dioxide equivalents) 
(UNFCCC 2025). The proportion of methane has 
remained stable at around 6 per cent since 2010. 
In absolute figures, emissions over the last thirty 
years have slowly, but consistently, fallen by 3.2 mil-
lion tonnes and were still about 1.6 million tonnes 
in 2023. This corresponds to a reduction of around 
66 per cent (UNFCCC 2025). 

2.3.1.1 Energy 
Methane emissions from the energy sector are large-
ly due to the extraction, conversion and distribution of 
fuels. Whilst the coal mining sector still played a sig-
nificant part in the 1990s, gas transport and distribu-
tion now contribute around 160 kilotonnes of meth-
ane (UNFCCC 2025). Ceasing coal mining operations 
in 2018, renewal of the gas network and the use of 
mine gas have saved over 1.1 million tonnes of meth-
ane. With the introduction of the Renewable Energy 
Sources Act (EEG 2014), along with the resulting finan-
cial support in using mine gas, direct methane emis-
sions from decommissioned coal mines were reduced 
to practically nothing. The mine gas is  extracted from 
the coal mines, supplied or processed for use as energy 
then provided as fuel in the natural gas network. The 
EEG would legally require network operators, by law, 
to commit to accepting the electricity generated from 
mine gas and to pay a feed-in tariff for it. 

The emissions resulting from gas distribution have 
fallen slightly despite a considerable increase in the 
quantity of gas transported and a substantially more 
comprehensive distribution network compared to 
1990. On the one hand, one reason for this is the re-
newal of the gas distribution network, particularly in 
eastern Germany. In particular, the proportion of cast 
iron pipes in the low-pressure network has been re-
duced and replaced by plastic pipes that cause lower 
emissions. Another cause of this reduction is the mit-
igation of various distribution losses through techno-
logical improvements (technically leak-tight fittings 
such as flanges, valves, pumps, compressors) as a re-
sult of following the requirements set out for emission 
controls (TA Luft, 2002). In total, diffuse emissions 
account for a large proportion of methane emissions 
from the energy sector. In addition, the methane slip 
that arises due to incomplete combustion as well as 

start-stop processes on equipment accounts for a high 
proportion of the total methane emissions within the 
energy sector. 

2.3.1.2 Industry
Methane emissions in the industrial sector are pri-
marily due to the chemical industry, particularly in 
the production of ethylene and methanol. Emission 
reductions can be achieved primarily through ther-
mal afterburning of volatile organic compunds. This 
is the state of the art of all plants for producing basic 
chemicals in Germany.

2.3.1.3 Agriculture
Agriculture is the major driver of German methane 
emissions, totalling over 1,200 kilotonnes (2023) 
(UBA 2025). In particular, the digestion process in 
livestock (enteric fermentation) contributes 77 per 
cent of methane emissions from the agricultural sec-
tor. 19 per cent of agricultural methane emissions 
stem from fertiliser management. Fermentation of en-
ergy crops (storage of fermentation residues) have an 
increasing effect and now contribute around 54 kilo-
tonnes (5 per cent) to this total (ibid.). 

Total methane emissions from agriculture were re-
duced by about 26 per cent between 1990 and 2023 
(UBA 2025). The cattle population in Germany, which 
causes the most methane as they are ruminants, 
fell by around 44 per cent between 1990 and 2023 
(Federal Ministry of Food and Agriculture (BMLEH 
2025a). This was primarily due to the structural 
changes in agriculture within eastern Germany in the 
1990s as a result of the German reunification. In the 
same period, methane emissions from enteric fermen-
tation only fell by around 30 per cent (UBA 2025). 
This is also partially due to the fact that milk out-
put per cow also rose from 4,900 kilograms (1991) to 
8,600 kilograms (2022) on average (BMLEH 2025b). 
Part of the reduction was compensated for by higher 
output from each individual animal. Emissions from 
digestion have therefore been stagnating for years. 
Emissions from fertiliser management have fallen 
by 25 per cent between 1990 and 2023 as nowadays 
more manure is used in biogas plants (UBA 2025). 
Furthermore, relative to 1990, more methane emis-
sions now come from the fertilisation of energy crops 
(Federal Ministry for the Environment, Nature Con-
servation and Nuclear Safety (BMU) 2019).
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The projection from the Federal Government forecasts 
a further small reduction in methane emissions from 
agriculture of around 38 kilotonnes (a fall of about 
3 per cent) by 2035 relative to 2020 (BMU 2019).

2.3.1.4 Waste and waste water management
Germany is taking on an eminent role worldwide 
in avoiding and reducing methane emissions in the 
waste sector. Engineered and controlled landfills with 
landfill gas collection and usage were already intro-
duced in the final quarter of the last century. The col-
lection of landfill gas has been mandatory since 1993 
and, where technically feasible, it is utilised to gener-
ate energy, whereby the efficiency of methane gas col-
lection at landfills has also been improved. 

However, the most significant contribution to meth-
ane mitigation is a result of the legally enshrined 
ban on landfilling untreated municipal waste, which 
came into force in June 2005, and led to an early 
transformation of the waste sector. The ban was intro-
duced in 1993 in the Technical Guidelines for Munici-
pal Waste (Technical Guidelines for Municipal Waste, 
1993), enshrined in the Waste Disposal Ordinance in 
2001 (Waste Disposal Ordinance, 2001) and is now 
effectively implemented today in the Landfill Ordi-
nance (Landfill Ordinance, 2009) through waste ac-
ceptance criteria for landfills. The central control pa-
rameter for waste acceptance at landfills is the total 

organic carbon (TOC) content, supplemented by res-
piration activity and gas formation rate. Municipal 
waste landfills, or landfill class II (non-hazardous 
waste), may only accept waste with a TOC of less 
than 3 per cent or, in the case of mechanical biologi-
cal pre-treatment, a TOC of less than 18 per cent com-
bined with a gas formation rate GB21 < 20 ml/g and 
a respiration activity AT4 < 5 mg/m3. As a result, the 
methane formation rate in the landfills was sustaina-
bly reduced in the long term (see Figure 3). 

As Figure 3 shows, the decisive reduction in emis-
sions is not resulting from the capture of methane 
gas from landfills, which is always subject to techni-
cal limitations, but is mainly a result of the strict ac-
ceptance criteria for waste in landfills. As of 2005, 
all landfilled waste is pre-treated in such a way that 
the formation of methane in the landfill body is min-
imised. As a result, gas formation and methane emis-
sions are naturally and continuously decreasing. 
Only waste disposed before the ban that is still bio-
degradable causes decreasing methane emissions for 
decades to come. The data in Figure 3 demonstrate 
therefore that the 94 per cent decrease in methane 
emissions from landfills from 1.33 million tonnes of 
methane in 1990 to 0.08 million tonnes in 2023 is es-
sentially due to the landfill ban of untreated munici-
pal waste in force since 2005 through strict waste ac-
ceptance criteria for landfills. This can also be seen 

Figure 3

Methane emissions from landfills

Source: German Environment Agency
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in Figure 4, here in 1000 tonnes of CO2 equivalents. 
A transition period of 12 years allowed sufficient time 
for the waste management sector to react to the up-
coming transformation by setting up the necessary 
treatment plants.

As part of this transformation, the environmental-
ly desirable expansion of the separate collection of 
organic waste and of biological treatment capacities 
(anaerobic digestion and/or composting) for this sep-
arately collected organic waste was and is being driv-
en forward. This has resulted in an increase in meth-
ane emissions from biological waste treatment, which 
cannot be completely avoided despite all technical 
and organisational efforts and is mainly caused by 
improper operational management, fermentation pro-
cesses, open digestate storage or operational mal-
functions. Methane emissions from biological waste 
treatment have therefore risen from 0.002 million 
tonnes as methane in 1990 to 0.032 million tonnes 
as methane in 2022. Figure 4 shows this increase in 
1000 tonnes of CO2 equivalents.

In Germany, the proportion of anaerobic digestion in 
treatment of biowaste will further increase, accom-
panied by a corresponding reduction of composting 
only. Nevertheless, the emissions from biowaste treat-
ment are to be kept at a consistently low level through 
continuous improvements in the state-of-the-art tech-
nology and emission reduction.

In order to accelerate the natural reduction of meth-
ane emissions from landfills, the National Climate 
Protection Programme since 2013 promotes measures 
that go beyond state of the art. That is necessary be-
cause the methane formation decreases with increas-
ing landfill age, making effective landfill gas capture 
and utilisation difficult to impossible. The active aer-
ation of more than 50 old landfills intends to reduce 
the remaining emissions. For landfills that have not 
yet reached that stage, optimisation of landfill gas 
collection beyond the state of the art is currently sup-
ported from 2019 to 2026. In addition, the federal 
government’s waste prevention programme with the 
participation of the federal states from 2013 (Feder-
al Ministry for the Environment, 2013) and its update 

Figure 4

Annual greenhouse gas emissions from the waste and waste water management sector

Source: German Environment Agency
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in 2021 (Federal Ministry for the Environment, 2020) 
aims to reduce food waste.

The development towards a circular economy with 
prevention, waste separation, composting and bio-
gas utilisation, mechanical biological treatment, re-
cycling and energy recovery of waste has made signif-
icant mitigation contributions as waste management 
not only avoids methane, but also contributes to cli-
mate protection in other sectors such as the energy 
sector or industry. Methane is also produced by waste 
water and sewage sludge treatment.

Waste water from the municipal sector consists of do-
mestic waste water and indirect discharge from indus-
try (approximately 30 per cent based on population 
equivalents), and it is generally treated in centralised 
wastewater treatment plants via the activated sludge 
process. A substantially lower proportion of waste wa-
ter (around 3 per cent relative to the residents connect-
ed to the centralised systems) is treated in small sew-
age treatment plants or collected in drainless tanks 
until subsequent transportation and treatment in a 
wastewater treatment plant. The main source of meth-
ane emissions in the waste water sector is sewage 
sludge treatment or digestion (Becker et al. 2012).

An increased connection rate to the public sewage 
system and waste water treatment (due to the require-
ments set out in the EU Council Directive on urban 
waste water treatment (EU-RL 91/271/EEC)) and the 
abolition of open sewage sludge digestion are key rea-
sons for the reduction in methane emissions with-
in waste water disposal. The latter was still practised 
until the beginning of the 1990s in the federal states 
of the former East Germany.

Comprehensive measurements are required for a more 
detailed appraisal of methane emissions from waste 
water treatment in the opinion of the German Envi-
ronment Agency. Specific reduction measures can be 
derived based on these measurements.

The waste and waste water management sector to-
gether emitted around 5.5 million tonnes of meth-
ane in CO2 equivalents in 2023. Emissions were re-
duced by about 87 percent between 1990 and 2023. 
Figure 4 shows the proportions for waste and waste 
water management of the total in the sector emissions 
in kilotonnes of CO2 equivalents.

2.3.2 Situation in Europe
2.3.2.1 Energy
Trends in methane emissions across Europe are sim-
ilar to those in Germany. Emissions from fuel trans-
formation and provision are also dominant within the 
energy sector. However, the methane slip that aris-
es due to incomplete combustion as well as the stop-
ping and starting of engines is at around 30 per cent, 
which also plays a part. Whilst in particular, meth-
ane emissions from stationary furnaces have almost 
tripled in the energy sector, which is primarily due 
to the switch from burning solid fuels in combus-
tion engines for the combustion of gaseous fuels con-
taining methane, emissions from the provision of fu-
els have been reduced by over 70 per cent. Above all, 
the lessening importance of coal mining as well as 
the modernisation of the natural gas supply network 
have played a substantial part. In total, methane 
emissions in the energy sector in the EU-27 were re-
duced by almost 61 percent between 1990 and 2021 
(UNFCCC 2025).

2.3.2.2 Industry
In the industrial sector, the chemical industry is also 
the main source of methane emissions across Europe. 
Between 1990 and 2021, emissions in the industrial 
sector were reduced by about 8 percent, mainly due to 
higher environmental standards in the Member States 
(UNFCCC 2025).

2.3.2.3 Agriculture
At about 8,200 kilotonnes, agriculture was the pri-
mary cause of methane emissions in Europe in 2023. 
Alongside livestock farming and fertiliser man-
agement (around 98 per cent in total), paddy cul-
tivation also causes some of these emissions with 
80 kilotonnes (EuroStat 2025). Relative to 1990, 
methane emissions have fallen by 25 per cent (Eu-
roStat 2025 and Food and Agriculture Organisation 
of the United Nations (FAO) 2022). A substantial re-
duction (more than 10 per cent) came about particu-
larly in the early 1990s as a result of a fall in livestock 
numbers due to structural changes in eastern Europe 
along with more efficient use of manure. There are 
only marginal changes within rice cultivation. Emis-
sions from biogas plants have risen the most over the 
last 20 years, and this is dominated by Germany (UN-
FCCC 2025).
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Agriculture - fermentation 
6,565

Solid Waste Disposal
2,792

Agriculture - fertiliser management
1,620

Fugitive emissions from fuels
1,688

Industrial processes
58

Energy (without fugitive emissions) 
927

Agriculture - remainder
170

Biological treatment of solid waste
163

Waste and waste water - remainder
652

Figure 5

Methane emissions from the European Union (EU27) in 2021 in kt
according to reporting categories*

* �excluding LULUCF 			   Source: UNFCCC: https://di.unfccc.int/flex_annex1https://di.unfccc.int/flex_annex1

2.3.2.4 Waste and waste water management
Despite a significant decrease in methane emissions 
compared to 1990, landfills (solid waste disposal) re-
main the second largest emitter of methane in the EU 
with about 2,800 kilotonnes of methane emissions in 
2021, and therefore the entire waste and waste water 
sector also remains the second largest emitter with in 
total about 3,600 kilotonnes of methane emissions as 
shown in Figure 6. Member States, which transposed 
and implemented the EU Landfill Directive (EU 1999) 
at national level applying landfill bans, pre-treatment 
requirements and/or acceptance criteria at landfills 
have significantly reduced their methane emissions 
in the sector and thus make a decisive contribution 
to meeting the EU climate protection targets. The un-
abated high landfill rate of untreated waste in some 
Member States is unfortunately the decisive factor for 
the overall high methane emissions from the waste 
sector, both at national level in these states and for 
the EU climate balance as a whole. 

The increase in treatment capacities for biodegrad-
able waste by composting and fermentation plants 
is also a source of methane emissions, for example 
in the event of improper operation or malfunctions, 
which is why emissions from biological waste treat-
ment have risen. 

According to the EU Landfill Directive (EU 1999), the 
landfilling of untreated municipal waste is to be re-
duced to 10 per cent by 2035. This will further con-
tribute to the mitigation efforts in the sector. However, 
without a comprehensive landfill ban, and with deroga-
tion periods available for some Member States, the EU’s 
technically possible emission reduction maximum is 
still unlikely to be exploited legally and politically.

A reduction in methane emissions of over 50 per cent 
was achieved in previous years due to technical im-
provements in waste water treatment as well as the 
increase in collection points for waste water to the 
sewer system. Increased recycling of sewage sludge 
and gases for gaining energy is clear from the data. 
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2.3.3 Situation worldwide

Around 60 per cent of global methane emissions origi-
nate from anthropogenic sources (United Nations Envi-
ronment Programme (UNEP) and CCAC 2021). Agricul-
ture is responsible for most emissions. It caused nearly 
40 per cent of methane emissions worldwide that were 
due to humans. Nearly 36 per cent of global anthropo-
genic CH4 emissions originate from the extraction and 
transportation of fossil fuels and nearly 22 per cent is 
from the waste and waste water sector (Boston Univer-
sity 2025), particularly from landfill and waste treat-
ment (UNEP and CCAC 2021). Whilst all stated sources 

of methane play a part in all regions worldwide, there 
are noticeable regional differences. As an example, 
methane emissions from coal extraction are especial-
ly relevant in China. CH4 emissions from the extraction 
and transportation of oil and natural gas are particu-
larly prevalent in the Middle East, Russia and North 
America. Methane from agriculture, and particularly 
from livestock farming here, plays a part in all regions 
of the world, especially in Latin America and Southern 
Asia. CH4 emissions from rice cultivation are particular-
ly prevalent in South East Asia (UNEP and CCAC 2021).

Agriculture – fermentation 6,519

Solid Waste Disposal 2,694

Agriculture – fertiliser management 1,599

Fugitive emissions from fuels 1,549

Fugitive emissions from fuels 947 Agriculture – remainder  171

Biological treatment of 
solid waste 171

Waste and waste water – remainder 633 Industrial processes 59
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Methane emissions from the European Union (EU 27)
according to reporting categories*

* �excluding LULUCF Source: UNFCCC GHG Data Interface
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2.3.3.1 Energy
Different strategies have been used to lower methane 
emissions worldwide, and a few countries have set 
out reduction measures and anchored them in law. 
Some countries focus on voluntary activity by compa-
nies whilst others use financial penalties for methane 
losses. Some examples of such can be found below:

Norway is the first country to introduce a carbon 
tax. Amongst other things, this is based on the emis-
sions trading price and increases considerably until 
2030. In 2021 this was 590 Norwegian kroner (about 
57 euro) and this should rise continuously to approx. 
2,000 kroner (about 193 euro) per tonne of CO2 equiv-
alent. Methane emissions from the provision of fossil 
fuels in Norway have hardly changed since 1990 and 
are around 21 kilotonnes annually (Bioenergy Inter-
national 2021; Norwegian Petroleum 2021). For an oil 
and gas producer, this is a comparatively low value 
(UNFCCC 2025).

Russia is another country that has passed laws that 
aim to reduce methane emissions. Standards for 
avoiding emissions are specified by the Ministry of 
Energy and monitored by the Ministry of Natural Re-
sources and Environment on site. If emissions arise 
from the infrastructure then a fine must be paid. 
These depend on the level and duration of such emis-
sions. However, these fines range from 50 to 1,250 
roubles per tonne emitted (around 0.60 - 14.40 euro, 
exchange rate as of August 2021 Finanzen.Net (2021)) 
and are comparatively low. Some regions in Russia 
have therefore increased the fines considerably (for 
example, the Yamal region of Russia has increased 
these by a factor of 4), which has led to substantial in-
vestments in technology for avoiding emissions (Ev-
ans und Roshchanka 2014). Methane emissions in the 
Russian energy sector have fallen by 35 per cent since 
1990 and were around 6,900 kilotonnes in 2019 
(UNFCCC 2025). Households and small-scale users 
have a large impact (80 per cent), as does the electric-
ity and heating sector (32 per cent). Extraction of fos-
sil fuels has fallen by 32 per cent in the same period, 

Figure 7

Methane emissions worldwide
according to reporting categories*

**other includes for example emissions from industry and energy except fugitives		
		

Source: Boston University: https://visualizingenergy.org/global-anthropogenic-methane-
emissions-1970-2022/

http://Finanzen.Net
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but still dominates the energy sector with a total of 
6,763 kilotonnes. In this case, the main drivers are oil 
and gas extraction as well as transportation of nat-
ural gas, each causing around 1,200 kilotonnes of 
methane annually (UNFCCC 2025).

Even the USA has agreed on a plan to lower emis-
sions. According to legislation passed in 2015, emis-
sions from oil and gas producers must fall by 40 per 
cent in 2025 relative to emissions in 2012. Amongst 
others, the reduction measures cover a series of stand-
ards for avoiding methane through improved detec-
tion of leaks. The Department of Energy has received 
a bigger budget to develop new standards. Methane 
emissions from the energy sector were extremely high 
in 2019, amounting to 10,700 kilotonnes (The White 
House - Office of the Press Secretary 2015). 96 per cent 
of this is due to the extraction and provision of fossil 
fuels. Whilst emissions from coal extraction have al-
most halved since 1990, this trend is far less evident 
for both oil and gas (-16 per cent), and over the last 
few years emissions have indeed tended to increase. 
Extraction of natural gas (around 3,750 kilotonnes) is 
the main driver of emissions, followed by extraction 
of crude oil and the transport of natural gas (around 
1,500 kilotonnes each) (UNFCCC 2025).

China has, until now, only regulated methane from 
coal mines but more for safety reasons and less due to 
environmental matters. For the first time ever, 2021 
saw regulations of methane emissions in the ener-
gy sector covered in the five-year plan (You 2021). 
The biggest energy supplier, China National Petrole-
um Corporation (CNPC), has pledged to reduce meth-
ane emissions by 50 per cent in 2025 relative to 2017 
(Xu and Aizhu 2020). In total, methane emissions in 
China due to the provision of fossil fuels initially rose 
slowly from 6,275 kilotonnes in 1990, then increased 
rapidly (Climate Watch 2025)3.

In a similar manner to the USA and as part of the Eu-
ropean Green Deal, the European Union (EU) aims 
to improve detection of leaks to avoid methane emis-
sions whilst also supporting the voluntary “Oil and 
Gas Methane Partnership“ (OGMP)4. Furthermore, 
the EU is pushing for an independent, international 

3	 The figures stated are in millions of tonnes of CO2 equivalents. To ensure comparability, 
this data from the GWP-100 in the IPCC’s Assessment Report 4 has been divided by 25.

4	 The Oil and Gas Methane Partnership is an initiative from the Climate and Clean Air 
Coalition that is led by the UN Environment Programme, which aims to reduce meth-
ane emissions from within the energy sector.

observer role as part of the United Nations Environ-
mental Program, which should check the data report-
ed from companies in the natural gas sector. On 5 
August 2024, the European Methane Regulation (EU 
Regulation (EU) 2024/1787) also came into force, re-
quiring operators of fossil energy infrastructure to 
regularly measure methane emissions, quickly elimi-
nate leaks, and reduce venting and flaring of gases.

2.3.3.2 Industry
Process-related methane emissions in the industri-
al sector play a minor part worldwide. However, the 
trend is upwards, and it is mainly driven by emerging 
economies, especially China, from the late 1990s on-
wards (Climate Watch 2025) 5. In particular, rapid ex-
pansion of the petrochemical sector with the produc-
tion of fuels and base chemicals has a major impact, 
as does the metal industry, albeit to a lesser extent.

2.3.3.3 Agriculture
In 2022, agriculture caused around 40 per cent of 
methane emissions worldwide that were due to hu-
mans. The largest share of agricultural emissions 
here is also due to livestock farming as a result of en-
teric fermentation. This sector, along with fertiliser 
management, together make up around 31 per cent 
of worldwide anthropogenic methane emissions. 
Rice cultivation adds another 7 per cent to the total. 
Less than 1 per cent is due to combustion of agricultur-
al waste (FAOStat 2025a and Boston University 2025)).

Methane emissions from the agriculture sector have 
continuously risen from around 91,000 (1961) to 
about 139,000 kilotonnes (2022) (FAO 2025a). In 
this period, countries in the Organisation for Eco-
nomic Cooperation and Development (OECD) saw a 
slight reduction - after a peak in the 1970s - down to 
around 26,000 kilotonnes. On the other hand, meth-
ane emissions from the world’s least developed coun-
tries tripled to around 26,000 kilotonnes, and also 
increased in countries that recorded a substantial im-
provement in prosperity such as China, Brazil, or In-
dia (ibid.). The key reason for this is the increasing 
world population along with changes in eating hab-
its. The latter contains an increasing proportion of 
animal products, particularly in the countries of the 
Global South (“developing and emerging countries”). 

5	 The figures stated are in millions of tonnes of CO2 equivalents. To ensure comparabil-
ity, this data from the GWP-100 in the IPCC’s Assessment Report 4 has been divided 
by 25.
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These developments led to an increase in animal pop-
ulations (UBA 2021). The population of cows and buf-
falos rose from 1 billion in 1961 to 1.8 billion, whilst 
the population of sheep and goats rose from 1.3 bil-
lion to 2.4 billion. Land used for paddy cultivation 
has also increased from 115 million hectares in 1961 
to 168 million now in order to cope with the ever in-
creasing demand for food (FAO 2025b).

2.3.3.4 Waste and waste water  
The Global Methane Pledge (GMP) (CCAC 2021), 
which was launched in 2021, calls on signatory coun-
tries to reduce global methane emissions in 2030 by 
over 30 per cent compared to 2020 levels in order 
to support the implementation of the Paris Climate 
Agreement. Germany is one of the champions of the 
GMP since 2023 and is also a signatory of the “Re-
ducing Methane from Organic Waste (ROW)”6 decla-
ration, which was initiated by the COP29 Azerbaijan 
Presidency in support of the GMP.

The Climate and Clean Air Coalition (CCAC) in charge 
of supporting the implementation of the GMP esti-
mates that the waste and waste water sector is re-
sponsible for 20 per cent of anthropogenic methane 
emissions (2005) and is the third largest CH4 emitter 
worldwide after the fossil fuel industry and agricul-
ture (CCAC 2021). According to the CCAC, landfills and 
dump sites are currently the third largest source of 
man-made methane emissions (11 per cent). Waste is 
also the fastest growing anthropogenic source of meth-
ane globally.7 Figure 7 clearly illustrates this trend.

6	 https://cop29.az/en/media-hub/news/cop29-presidency-publishes-final-texts-of-
declarations-and-pledges-for-upcoming-un-climate-summit

7	 https://www.ccacoalition.org/content/waste-sector-solutions

If no measures are taken to expand climate and re-
source-friendly waste management internationally, 
the annual global municipal waste generation will in-
crease from around 2 billion tonnes in 2016 to an es-
timated 3.4 billion tonnes in 2050, and the waste sec-
tor would thus emit around 2.6 billion tonnes of CO2 
equivalents in 2050 (Kaza, Yao, Bhada-Tata, & Wo-
erde, 2018). Waste management is still underdevel-
oped, particularly in a global context. Here, landfill 
gas emissions resulting from the uncontrolled dump-
ing or regulated landfilling of untreated municipal 
and commercial waste are the main source of meth-
ane. However, due to technical and economic condi-
tions, only a maximum of 50 per cent of landfill gas 
can be effectively captured and utilised, meaning 
that most of the methane escapes uncontrolled into 
the atmosphere.

According to the CCAC, up to 90 per cent of methane 
emissions in the sector could be reduced by 2050 us-
ing the technologies available today. The timely im-
plementation of several reduction strategies, from 
halving food waste to diverting biodegradable waste 
away from landfill and towards high-quality utilisa-
tion (compost, biogas, insect protein, animal feed, 
etc.) as well as retrofitting existing landfills, is de-
scribed as crucial for this.

Based on waste water treatment experiences in 
Germany, developments towards centralised treat-
ment and closed sewage sludge digestion appear to 
be expedient.

https://cop29.az/en/media-hub/news/cop29-presidency-publishes-final-texts-of-declarations-and-pledge
https://cop29.az/en/media-hub/news/cop29-presidency-publishes-final-texts-of-declarations-and-pledge
https://www.ccacoalition.org/content/waste-sector-solutions
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3 Mitigation strategies 

3.1 Targets for methane reduction
Up until now, there have been no binding mitigation 
targets for methane. Methane is only indirectly con-
sidered as part of all greenhouse gases in the form of 
CO2 equivalents. 

In September 2021 the USA and EU started off the 
“Global Methane Pledge” (CCAC 2021), which is a 
declaration on the part of countries to commit to a 
substantial decrease in methane emissions. The dec-
laration aims to reduce methane emissions in all sig-
natory countries by 2030, across all sectors and col-
lectively, by at least 30 per cent relative to 2020. 
However, this is not a binding mitigation target. Ger-
many has also signed the Global Methane Pledge in 
October 2021. In its new strategy, (CCAC 2020) the 
CCAC has also set out a target for reducing meth-
ane emissions: A 40 per cent reduction in glob-
al emissions relative to emissions in 2010 should be 
achieved by 2030. This aim is also not binding.

Furthermore, setting out a mitigation target for meth-
ane as part of revising the Gothenburg Protocol under 
the UNECE Air Convention is discussed. The German 
Environment Agency is in favour of such a mitigation 
target based on a sound impact assessment using up-
to-date data.

In August 2024, all EU member states except Hunga-
ry agreed to implement the EU Methane Regulation. 
This regulation aims to identify and quantify meth-
ane emissions in Europe and repair leaks as well as 
to reduce global methane emissions by increasing re-
quirements for exporting countries.

3.2 Measures for the mitigation of methane
Current data shows that around 95 per cent of glob-
al methane emissions comes from sources outside 
Europe (COM(2020) 663 final). However, Germany 
and the EU are indirectly involved in causing meth-
ane emissions in countries exporting natural gas due 
to natural gas imports. Methane-intensive foods are 
also imported. According to various EU countries, 
South America is the second most important source 
of imported beef and Asia is also so for rice and rice 
products. Most mutton is imported from New Zea-
land (United Nations (UNO) 2021). Worldwide co-
operation is necessary to reduce global methane 

emissions. Germany should get involved in financial-
ly supporting international projects, in entering into 
partnerships and supporting other countries through 
knowledge transfer.

3.2.1 Energy sector and industry
There is great potential for mitigation of methane 
in the energy sector worldwide. Easily implemented 
and cost-effective measures to reduce methane emis-
sions such as resolving leaks in the natural gas in-
frastructure are available, particularly in extracting 
and distributing fossil fuels. Methane emissions from 
combustion plants can also be reduced via technical 
measures. In principle, a transformation of the whole 
energy system is required, as is the phasing out of 
all fossil fuels if a considerable reduction in methane 
emissions is to be achieved. 

3.2.1.1 Extraction and distribution of fuels
In Germany, methane emissions from the extraction 
and distribution of fuels have fallen considerably 
due to stopping hard coal mining, replacing the natu-
ral gas network, and the use of mine gas over the last 
few years.

In order to quickly discover and quantify progress 
and problematic cases, the German Environment 
Agency suggests that more frequent surveying, in-
spections and quantification of emissions from gas 
infrastructure (Leak Detection and Repair (LDAR)) 
should take place. Furthermore, the German Environ-
ment Agency explicitly supports the measures for re-
ducing emissions that are stated in the German Tech-
nical and Scientific Association for Gas and Water 
(DVGW) research report (Große and Köllmer 2019). On 
top of this, the Oil and Gas Methane Partnership has 
published comprehensive technical documents show-
ing where emissions occur as well as how these can 
be quantified and avoided (CCAC 2017). The German 
Environment Agency welcomes this and hopes that 
reporting is standardised across Europe in line with 
these standards.

Comprehensive measurements were carried out on the 
infrastructure in the transport network during 2020 
and 2021. This showed that over 90 per cent of total 
emissions occurred at 0.5 per cent of the measured 
leaks. Natural gas companies plan to reduce methane 
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emissions by 50 per cent by the end of 2025 for the en-
tire German network relative to 2015 figures (Verein-
igung der Fernleitungsnetzbetreiber Gas e.V. 2021). 
The German Environment Agency has stated that reg-
ular surveying of infrastructure should take place, es-
pecially of parts that are responsible for high emis-
sions, and that leaks should be resolved promptly.

3.2.1.2 Technical adaptations to plants and to the 
use of fuels 
Fuel is not completely combusted in combustion en-
gines, particularly when using gaseous fuels (in-
cluding natural gas, biogas, biomethane, landfill gas 
and sewage gas). A small proportion of fuel, which 
in the case of natural gas is over 90 per cent meth-
ane, and in the case of biogas, sewage gas and land-
fill gas is also largely methane, escapes into the at-
mosphere without being combusted. What is known 
as the methane slip represents a problem for all com-
bustion engines that use fuels containing methane 
gas due to the high greenhouse gas potential inherent 
in methane. 

Major sources of unburned methane emissions in gas 
engines are the slip during valve overlapping, mis-
firing, and crevices in combustion chambers, as well 
as incomplete combustion, especially with inhomo-
geneous fuel mixtures (de Zwart et al. 2012). Impor-
tant variables regarding methane emissions in ex-
haust gas include the overlaps of the entry and exit 
times of the valves, the combustion chamber ge-
ometry, the fuel-to-air ratio and the combustion 
chamber temperature.

Lambda-1 engines, which stoichiometrically com-
bust the fuel, are generally equipped with 3-way 
catalytic converters and have lower methane emis-
sions compared to lean-burn engines and pilot injec-
tion engines that burn the fuel with excess air. This is 
shown, amongst others, in the various emission lim-
its set out in the 44th Federal Immission Control Or-
dinance (44th BImSchV). The emission limit of the 
44th BImSchV for lean-burn engines and pilot injec-
tion engines of 1.3 grams of total carbon per stand-
ard cubic metre of exhaust gas applies to natural gas 
engines from 2025 onwards and the reduction is ex-
pected to be realised just via the engine itself. The 
emission limit of the 44th BImSchV for Lambda-1 
engines of 0.3 grams of total carbon per stand-
ard cubic metre can be met with the use of a 3-way 
catalytic converter.

As Lambda-1 engines usually have lower electrical 
efficiency compared to lean-burn engines, then CO2 
emissions per quantity of energy generated may be 
higher than from a lean-burn engine. When compar-
ing both technologies, the greenhouse gas emissions 
must be compared as CO2 equivalents. Research in 
this field has been carried out by the University of Ap-
plied Sciences Amberg-Weiden (Trötsch et al. 2022).

From a climate protection perspective, methane emis-
sions are unacceptably high from all gas engine 
types, so the process for methane-specific exhaust 
purification is extremely important. A reduction of 
methane emissions can be achieved with lean-burn 
engines using exhaust purification systems featuring 
oxidation catalysts. Gaseous hydrocarbons in the ex-
haust gas are oxidised to make carbon dioxide and 
water. In particular, effective mitigation of methane 
requires high exhaust temperatures of around 550 de-
grees Celsius. 3-way catalytic converters can be fur-
ther developed for Lambda-1 engines regarding the 
reduction of methane. At the moment, both exhaust 
gas aftertreatment technologies are not ready for the 
market as there was no motivation for development 
due to the lack of a demanding methane emission 
limit. Quantitative statements regarding the reduction 
potential that can be achieved cannot be made at the 
moment for this reason.

A reduction to values as measured for the exhaust 
gas from coal-fired powerplants (at and below 10 mil-
ligrams per cubic meter at 6 per cent of oxygen (O2)) 
could currently only be achieved viapost-combus-
tion. Post-combustion plants are predominantly used 
in areas where high levels of organic compounds can 
be found in the exhaust air. The flammable materials 
contained in the exhaust air are oxidised at temper-
atures between 650 and 820 degrees Celsius. The re-
sistance of post-combustion relative to catalyst poi-
sons such as chlorine or sulphur compounds is an 
advantage of this exhaust purification process. The 
disadvantage of this process is that it is not compat-
ible with flexible operation of the plants, occasion-
ally for only a few hours per day, due to the contin-
uous provision of the high temperatures required in 
the post-combustion system. This technology also 
has high investment costs and the addition of fur-
ther fuel might be necessary so that operating tem-
peratures for post-combustion can be reached (Böhm 
et al. 2010). Furthermore, a great deal of space is re-
quired for the facilities needed for post-combustion in 
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accordance with the current state of knowledge. Par-
ticularly in the case of large combustion engines with 
their large exhaust gas flows, the additional space 
required as well as the additional investment costs 
linked to the process make deployment of this process 
considerably more difficult. This is why the technolo-
gy of post-combustion for combustion engines is cur-
rently only used in niche applications such as land-
fill gas engines. Effective exhaust purification should 
be developed urgently and methane limits should be 
adapted to it. On the one hand, this technology is re-
quired to reduce greenhouse gas emissions during 
a transitional period in which natural gas cogenera-
tion plants are still in operation. On the other hand, 
methane-specific exhaust purification systems are re-
quired in combustion engines even with the use of 
biomethane, biogas or power to gas (PtG) that con-
tains methane, otherwise the methane emissions are 
so high that climate neutrality cannot be achieved. 
Exhaust purification should also prevent increased 
methane emissions by the replacement of coal-fired 
power plants with gas engine systems . These meth-
ane emissions reduce the advantage of natural gas 
firing relative to coal regarding greenhouse gas 

emissions by approximately one third if a natural gas 
combustion engine system exploits the emission limit 
set out in the 44th Federal Immission Protection Ordi-
nance for total carbon (as an indicator for methane). 

If catalytic converters for reducing methane emis-
sions are not yet ready for the market, then emissions 
from lean-burn engines and pilot injection engines 
can only be lowered with engine-related measures. In 
this case, the interplay of nitrogen oxides (NOX) and 
methane emissions is of particular importance. 

Engines that reduce methane and nitrogen oxide 
emissions purely through the engine (without ex-
haust gas treatment) work with a high quantity of 
excess air to reduce the level of NOX. After a certain 
quantity of excess air, methane emissions start to rise 
(see Figure 8).

This problem can arise, particularly with com-
bustion engines that should be converted at a lat-
er point in time to run on hydrogen generated from 
renewable sources (H2-ready devices). As hydro-
gen burns at a higher temperature than natural gas, 
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Typical trends for emissions (NOX and hydrocarbons) depending on the Lambda value

Source: German Environment Agency, own illustration
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NOX emissions are also higher compared to the burn-
ing of natural gas. Purely motor-driven reduction of 
NOX would result in the engine being operated with 
even more excess air. “Temporary” natural gas oper-
ations may result in higher methane emissions com-
pared to a natural gas engine that is not suitable for 
using hydrogen. 

It must be made sure that H2-ready devices, if run-
ning on natural gas (for as long as hydrogen is not yet 
available) do not emit more methane than devices de-
signed to run on natural gas. This applies to combus-
tion engine plants in particular. In order to ensure 
this, the following legislative measures are necessary:

	▸ Introduction of a methane emission limit for com-
bustion engines in the EU Directive on medium 
combustion plants 

	▸ Introduction of a limit on methane emissions for 
small combustion engine plants (< 1 megawatt 
rated thermal input) as part of an  Ordinance on 
the Implementation of the Federal Immission 
Control Act.

As fuels containing methane such as gas from PtG, 
biogas or landfill gas will still play a (small) role in 
a “greenhouse gas neutral” Germany, then methane 
emissions from stationary combustion engine plants 
must be reduced further by making use of exhaust 
gas purification. Research and development is re-
quired to this effect.

Lean-burn engines that use exhaust gas purification 
(in the form of selective catalytic reduction (SCR in 
short)) for the mitigation of nitrogen oxide can run 
with less excess air; this results in lower methane 
emissions than a purely engine-related reduction in 
NOX with a high quantity of excess air. An advantage 
of this variant is the higher degree of electrical effi-
ciency. In many cases operators of SCRs can finance it 
solely due to the higher electricity proceeds. 

The applicable NOX emission limits in EU Directive 
2015/2193 on medium combustion plants in combus-
tion engines with gaseous fuels can be met with pure-
ly motor-related measures, for new natural gas engine 
systems with an enhanced lean-burn feature alone. 
As the EU Directive does not contain any emission 
limits for methane then it is suspected that the meth-
ane emissions of such systems are high. 

In order to reduce both the NOX and methane emis-
sions, a methane emission limit must therefore be 
included in the EU Directive for medium combus-
tion plants (EU-RL 2006/123/EC); at the same time 
the NOX limit should be lowered so that it can only 
be met if exhaust gas purification, namely SCR, is 
in use. In Germany this is already the case for large 
combustion plants (13th BImSchV) as well for me-
dium-sized combustion plants (44th BImSchV). For 
systems below 1 megawatt rated thermal input, fed-
eral limits should still be introduced. 

3.2.1.3 Cross-sectoral transformation 
of energy supply
Gas, and mainly natural gas, is used in practically all 
applications in our current economic system: espe-
cially in space and process heat supply, in the chem-
ical industry, in electricity supply and also mobility 
in vehicles powered by natural gas8,9. To successfully 
constrain climate change, a transition away from fos-
sil fuels to renewable energies is inevitable. The pri-
mary aim in the context of the precautionary princi-
ple is to avoid greenhouse gas emissions whilst also 
keeping usage and consumption of resources and 
all negative environmental effects as low as possi-
ble. Many changes are required in both the economy 
and in society – both regarding the demand for ener-
gy and goods as well as the production thereof. In or-
der to use energy and natural resources efficiently, 
renewable energies and particularly renewable elec-
tricity should be used directly where it is technically 
feasible. With high energy losses, a synthetic, renew-
able gas (synthetic methane) can be produced by us-
ing renewable electricity and synthesis via power-to-
gas technologies (Purr et al. 2016; 2019). Biomethane 
is only available to a limited extent due to reasons of 
resources and climate protection, an example being 
that there is not enough materially useful waste and 
residual material available to produce biogenic gases. 
A substantial proportion of future gas requirements 
will have to be generated via power to gas (PtG). Fuels 
are a valuable product in a sustainable energy system 
that is based on renewable energies, and should only 
be used where it is not otherwise technically possi-
ble. The more energy – also in the form of gas – that 

8	 Natural gas has been discussed as an alternative fuel for a few years, particularly in 
long-haul road transport. Despite some growth, the proportion of newly registered 
trucks with such technology is still very low indeed. At the moment, it is not currently 
clear for how long this trend will continue, if at all.

9	 The use of liquified natural gas is also encouraged by some actors within the maritime 
transport sector, but it remains unclear if relevant proportions can be achieved 
relative to fuel requirements.
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we need, the more photovoltaic and wind energy sys-
tems we require for electricity generation and there-
fore also need more resources to provide it.

With the strategies of such a sustainable transfor-
mation in the energy and economic system, gas 
requirements and the methane emissions arising 
from such requirements will fall considerably as a 
result. The German Environment Agency showed 
in its study “Resource-Efficient Pathways towards 
Greenhouse-Gas-Neutrality – RESCUE” how gas re-
quirements can fall to 140 terawatt hours before 
greenhouse gas neutrality is reached10.

The primary aspect here is the adjustment to sup-
plying space heat. In general, the aim is to raise the 
available and very high energy efficiency potential 
whilst also lowering the energy demand. Whilst it is 
technically possible to use renewable gas, synthetic 
methane or hydrogen to heat up buildings using fuel 
cells or boilers, there are sufficient fuel-free alterna-
tives based on renewable energies such as solar pow-
er, geothermal energy, environmental heat (with heat 
pumps) and unavoidable waste heat. Heat pumps are 
more energy efficient and with one unit of renewable 
electricity, they replace around three units from fos-
sil fuels. Heating with synthetic methane or hydrogen 
will become correspondingly rather more expensive 
- and based on current knowledge it will cause ener-
gy costs to be two or three times higher than using a 
heat pump in the medium to long term. The German 
Environment Agency recommends ending the use of 
fuels in buildings. No more oil-based heating systems 
should be installed as quickly as possible. Gas heat-
ing systems should no longer be installed by 2026 
at the latest when considering the more ambitious 
climate protection targets. When considering usage 
cycles then gas-fired heating should be phased out 
by 2045 (Purr et al. 2021). 

Heating networks must also fulfil what applies to 
houses with an internal heating system: They must 
be switched over to greenhouse gas neutral fuels by 
2045. Changing the fuel to direct usage of renewable 
electricity and environmental heat also applies in this 
case, such as by using efficient combinations of so-
lar power and environmental heat together with large 

10	 Scenario GreenSupreme. If energy efficiency measures and measures for efficient 
sector coupling are not rigorously implemented or if they are delayed, then gas re-
quirements will be higher. An example is scenario GreenLate with around 330 terawatt 
hours in the long term.

heat pumps as well as cogeneration units. Renewable 
hydrogen or synthetic methane is required for the lat-
ter. If hydrogen is used instead of synthetic methane 
as a fuel, then the fugitive methane emissions that 
arise during transportation of methane and when op-
erating cogeneration units are avoided. Hydrogen has 
only about one-fifth of the climate impact of meth-
ane and is therefore more climate friendly if it leaks 
out into the atmosphere. The course has already been 
set here, such as the CHP pilot projects as part of the 
Kraft-Wärme-Kopplungsgesetz (Combined Heat and 
Power Act) (KWKG 2020) or the envisaged support of 
“hydrogen ready” CHP plants as per the national hy-
drogen strategy (Bundesministerium für Wirtschaft 
und Energie (BMWi) 2020). At the same time, leaks 
should always be kept to a minimum via techni-
cal measures and effective monitoring regardless of 
whether methane or hydrogen can escape from them.

Gas containing methane will be used, but to a far 
lesser extent than now, in both the industrial as well 
as the commercial, retail and service sectors with the 
premise that energy supply is wholly based on renew-
able energy (Purr et al. 2019). Gas is used as a heat 
supply in a wide range of production processes. De-
carbonisation of this process heat supply should, if 
possible, primarily take place via electrification. Heat 
pumps are an extremely efficient choice in low to me-
dium temperatures. On the other hand, electrification 
of high temperature processes (such as heating fur-
naces for steel tempering, glass melting tanks) must 
take place, based on current knowledge, via more di-
rect use of electrical energy (such as resistance heat-
ing or electric arcs). In some areas, electrification is 
either not possible or is only possible with extreme-
ly high investment in technology, such as specific re-
quirements for the furnace atmosphere at the incred-
ibly high temperatures required (> 1,600 degrees 
Celsius). Renewable synthetic fuels (hydrogen and 
methane) are used at this point.

Even in transportation, using electricity directly is 
the most efficient solution and should be prioritised. 
Natural gas only plays a minor role in this sector even 
now. Scientific studies and scenarios for the future do 
not provide any signs that this situation will change. 
Synthetic methane or biogenic gases from residu-
al and waste materials are not expected to be of rele-
vance in the upcoming transformation of transport.



25

Mitigation strategies

The crux for transforming the energy supply is rap-
id decarbonisation of electricity supply with an am-
bitious expansion of renewable energies. The Feder-
al Government’s plans of increasing the proportion 
of total electricity consumption from renewable en-
ergies to 80 per cent by 2030 is an important step in 
this regard (SPD; GRÜNE; FDP 2021). At the same 
time, supply gas from fossil fuels must be incremen-
tally phased out by 2035 (Federal Ministry for Eco-
nomic Affairs and Climate Action (BMWK) 2021). This 
incremental fuel switch to generating power from 
hydrogen should already be addressed by amend-
ing regulations and assistance instruments in the in-
stant climate protection programme in the first half of 
2022. Modern H2-ready gas power plants and cogen-
eration units, along with recently converted coal-fired 
power plants that can now handle highly efficient, 
flexible electricity generation from gaseous fuels 
(green hydrogen), ensure supply security. 

From the perspective of an efficient energy transition 
across all applications, all necessary steps along with 
the switch in fuel from natural gas to hydrogen to 
supply electricity by 2035 result in substantial syner-
gies for the methane strategy. The switch in fuel and 
subsequent use of renewable electricity means that 
methane consumption falls across sectors and that 
the associated emissions also fall during use as a re-
sult. As a result, it will no longer be cost-effective to 
operate at least one third of the distribution network 
(Wachsmuth et al. 2019). As a result, fugitive meth-
ane emissions arising from transport and usage will 
also fall. Fugitive methane emissions in the exist-
ing gas network in the future can be reduced further 
by electrifying the operating equipment (compres-
sor, preheating route) and no longer running it on gas 
(Wachsmuth et al. 2019). This is just a logical exten-
sion of the premises outlined above when looking at 
the transformation into a sustainable energy system. 

3.2.2 Agriculture 
Methane from the digestion of ruminants is an inter-
mediate step in the CO2 carbon cycle (air) – organ-
ically bound carbon (plants) – methane (air) – CO2 
(air). The emitted methane becomes CO2 after decom-
position, then subsequent binding to plants ultimate-
ly results in a CO2 sink. However, this is staggered 
and the warming impact of methane is far strong-
er relative to CO2. There is no baseline value for cli-
mate-neutral livestock populations that would justify 
a form of “permanent right to pollute” for a country 

(Flessa and Osterburg 2021). The increasing methane 
concentrations in total, the high climate warming po-
tential of methane and the ambitious climate protec-
tion targets with a short timeframe of 10 to 30 years 
demand that the great potential there is in lowering 
methane emissions from the agricultural sector must 
be exploited as far as possible (ibid.). The most im-
portant measure in the agricultural sector is, along-
side anaerobic fermentation of manure, the mitiga-
tion of methane from animal digestion. This can be 
most effectively carried out by reducing animal pop-
ulations – both in Germany and worldwide (German 
Environment Agency 2021) 

If measures also achieve lowered consumption of 
products of animal origin in Germany at the same 
time, then displacement effects (such as increased 
imports) are avoided. Nevertheless, a target for reduc-
ing the number of livestock in Germany cannot be 
linearly derived from consumption targets. Instead, 
the maximum sustainable number of livestock for 
Germany and regions with intensive livestock farm-
ing should be derived from environmental, conserva-
tional and climate protection targets. A reduction tar-
get for the number of livestock must be clear in the 
long-term, whilst also being transparently communi-
cated and implemented. Options include a maximum 
livestock density at an farm or regional level, funding 
programmes for operational restructuring and nego-
tiable production rights based on the Dutch model.

When implementing the measures recommended by 
the Borchert Commission for improving animal wel-
fare (Kompetenznetzwerk Nutztierhaltung – compe-
tence network for animal welfare), populations may 
fall in the short-term as more space must be provided 
in existing barns (BMEL 2020; Grethe et al. 2021). 

Alongside reducing livestock numbers, all technical 
and management measures should be used in order 
to improve ecological efficiency of livestock produc-
tion, in other words reducing methane emissions per 
kilogram of meat or milk. For example, these include 
improving animal welfare, animal health and longev-
ity, amended housing systems and manure removal 
systems, emerging methane-inhibiting feed additives 
as well as the recording of feed efficiency and mitiga-
tion of methane emissions in the breeding goal. Such 
accompanying measures can be encouraged with 
more research and more financial incentives for oper-
ations and companies. However, they should be part 
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of an integrated overall political strategy that takes 
the safeguarding of both animal welfare and the en-
vironment equally into account.

Increased fermentation of manure in biogas plants 
and gas-tight storage of fermentation residues can 
also play an important role in the mitigation of meth-
ane emissions from manure. These should be but-
tressed with state investment subsidies or legal re-
quirements. Supporting the fermentation of manure 
must not result in increased production capacity for 
manure (more animals) or energy crops. According 
to estimates, the quantity of manure digested in bio-
gas plants in Germany could double (Scholwin et al. 
2019). There are still uncertainties about the poten-
tial unwanted release of methane from biogas plants 
and in the formation of microbial resistance in the 
manure of animals treated with antibiotics. Further 
research is necessary here.

3.2.3 Waste and waste water management
Strict criteria and parameters for the acceptance of 
waste at landfills would be expedient for the effective 
reduction of methane emissions at EU level. These 
could be implemented as part of the BREF LAN pro-
cess (reference document on best available techno
logy for landfills) and/or in a future revision of the EU 
Landfill Directive and thus in the associated Council 
Decision (2003/33/EC) (Decision 2003/33/EC). A com-
plete landfill ban for untreated waste would large-
ly and more clearly support the achievement of the 
EU’s climate protection targets and can be realised 
with the technologies currently available. Despite 
some resulting methane emissions, separate collec-
tion and biological treatment of kitchen and green 
waste should be promoted in the EU, particularly in 
order to achieve the recycling targets and support a 
high-quality circular economy. 

Restricting or even stopping the landfill of organ-
ic waste is imperative to internationally reduce lev-
els of methane in the waste sector. To exploit the po-
tential for reducing methane in the waste sector it is 
necessary to develop an integrated recycling econo-
my whilst taking the entire product lifecycle into ac-
count. The primary aim should be to avoid waste and 
if waste is inevitable, to separate it and ideally re-
cycle it or alternatively convert it into energy. De-
pending on the initial situation and the support pro-
vided, this aim may be implemented in the short or 

medium-term, providing substantial additional bene-
fits to the environment, public health, value creation 
and the green economy.

In particular, this can be achieved by avoiding food 
waste at every stage of the life cycle, ideally with con-
tinuous monitoring and also with separate collection 
and treatment of biowaste through composting, fer-
mentation, energy-related use or using it as animal 
feed. Compost and fermentation residues should be 
subject to quality control to be used to improve soils 
and also to be used as a replacement for peat and ar-
tificial fertiliser. They can make a further contribu-
tion to climate protection when used in agriculture, 
in landscaping, and also in nature-based climate 
change adaptation in urban areas (greenery). 

In addition, any remaining landfill gas must be cap-
tured and utilised as comprehensively and as ear-
ly as possible, as landfills and dump sites continue to 
emit methane for decades after their closure. This ap-
proach is also in line with the goals and strategies of 
the Climate and Clean Air Coalition (CCAC) and oth-
er international organisations addressing climate 
change in the waste sector (see also Chapter 2.3.3.4).

The minimisation of biodegradable waste going to 
landfill or dumping and the development of integrat-
ed waste management systems aiming at the best uti-
lisation of resources and energy is therefore a cen-
tral component of a methane reduction strategy in the 
sector and could also include the substitution effects 
of recycling and energy recovery on CO2 emissions in 
other sectors (industry, cement, power plants) due to 
the synergies. According to studies of the German En-
vironment Agency, emerging and developing coun-
tries can reduce their national greenhouse gas emis-
sions by up to 15 per cent by implementing waste 
management measures (Dehoust et al. 2010). 

Detailed evaluations of emissions are necessary, par-
ticularly via measurements of various aspects of 
waste water infrastructure, to expediently develop re-
duction measures for waste water treatment.

In order to implement all these measures, it is neces-
sary to build on cooperation with international actors 
both within the EU as well as on bilateral and multi-
lateral initiatives, such as the Climate and Clean Air 
Coalition (CCAC), UN organisations, the Gesellschaft 
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für Internationale Zusammenarbeit (GIZ), the In-
ternational Solid Waste Association (ISWA) or the 
NDC partnership11. Above all, support from climate 
protection initiatives, climate funds, and by the de-
velopment cooperation should be included. 

11	 The Paris Climate Agreement of 2015 sets out that contracting states must set out and 
implement nationally determined contributions (NDCs) regarding climate protection. 
The global NDC partnership that was initiated in 2016 supports developing countries 
in setting out and implementing their nationally determined contributions. 

It is also important to support and enhance the syn-
ergies between national aims and framework condi-
tions with implementation at a local level. Communi-
cations regarding the emission reduction potential of 
the waste sector as well as the quantification of emis-
sions could also be improved. 

Furthermore, corresponding strategies and legisla-
tion should be developed at an international level or 
be updated at EU level. 
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4 �Recording and transparent reporting of methane emissions  

There is great uncertainty regarding quantification 
of global methane emissions, especially from natural 
sources of methane. However, there are a few emis-
sions inventories that record emissions data for all re-
gions of the world and are divided into source groups. 

Methane emissions can be measured at source. In ad-
dition, there are models that simulate the formation 
and dispersion of methane in the atmosphere. Satel-
lite observation programmes can also be used to de-
tect methane sources. As there is too little data and 
information worldwide about the potential to re-
duce emissions, the EU Commission and the Unit-
ed Nations Environmental Programme have decid-
ed to establish an International Methane Observatory 
(IMEO) (UNEP 2021), which started its work in 
spring 2021.

4.1 Earlier reporting about the Framework 
Convention on Climate Change and the 
Kyoto Protocol  
Reporting on greenhouse gases and therefore also 
on methane emissions currently takes place annual-
ly as per the United Nations Framework Convention 
on Climate Change (UNFCCC) for Annex I parties. Ac-
cording to this, all countries listed in Annex I of the 
Framework Convention on Climate Change must pre-
pare a National Inventory Document (NID) contain-
ing in-depth and complete information about the en-
tire process behind preparation of greenhouse gas 
inventories. These reports are transparently report-
ed (UNFCCC 2025). The IPCC Guidelines from 2006 
are still the basis for reporting emissions (IPCC 2006). 
These specify how emissions can be estimated as ac-
curately as possible. The formula activity data x emis-
sions factor = emission is used in the majority of cas-
es. The activity data describes the variable behind a 
specific emission process: “kilometres travelled by a 
vehicle” or “quantity of a fuel used”. The emissions 
factor states how high the average emissions are based 
on the activity, such as the quantity of CH4 escap-
ing per kilometre of gas pipeline. Countries report the 
emissions in a standard table format (CRT – Common 
Reporting Tables) for all years from 1990 onwards.

Countries that are not in Annex I prepare a Nation-
al Communication (NC) every four years (UNFCCC 
2022). The scope of the NC is considerably less com-
prehensive than the reporting provided by Annex I 
states. It is rather difficult to compare emission re-
ports due to the different reporting years and also the 
different IPCC guidelines that are applied (in some 
cases, the guidelines date from 1996). 

4.2 Detection of methane with the help of 
satellites
Worldwide detection of methane from satellite data 
is a remote sensing application that has become in-
creasingly important due to rapid developments in 
the fields of satellite platforms, algorithm develop-
ments and sensor technology. However, the on-board 
spectrometers in this case do not directly measure the 
methane concentration. In fact, the sensor registers 
the light absorption in narrow wavelengths over part 
of the electromagnetic spectrum from 300-2,500 na-
nometres. Specific light absorption in narrow absorp-
tion ranges within the detection area of the sensor is 
labelled as a characteristic spectral fingerprint. It is 
possible to deduce the proportion of methane in the 
atmosphere with the aid of this spectroscopic meas-
urement as well as complex radiative transfer model-
ling. Additional modelling approaches are required 
to draw further conclusions about the methane con-
centrations from the satellite measurements of meth-
ane emissions.

In this case, the particular orders of magnitude of the 
satellite measurements must be taken into consid-
eration: TROPOMI onboard Sentinel5P is able, as a 
global atmosphere monitoring satellite (swath width 
2,600 kilometres), to deliver methane concentration 
data products on a scale of around 7 kilometres per 
pixel, whereas spatially higher resolution missions 
such as EnMAP or PRISMA do not provide any di-
rect methane concentration data products on an op-
erational basis (Apituley et al. 2021). However, there 
is the opportunity to develop these data products 
(swath width of 30 kilometres, pixel size of 30 metres) 
as part of scientific research and to make these avail-
able (Guanter et al. 2021). 
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In addition, there is already a company in Cana-
da that offers methane data products on a commer-
cial basis using their own fleet of satellites since 2016 
(GHGSAT 2021). GHGSat specialises in providing spa-
tially high-resolution methane data products, such 
as for the oil and gas industry, coal mining, and pre-
dominantly relating to landfills within the waste sec-
tor. Future developments in methane detection in 
both the satellite or drone sector are developed with 
a particular focus on user requirements, science, and 
research funding.

4.3 Harmonisation of reporting  
The EU strategy for mitigation of methane emissions 
as part of the European Green Deal requires standard-
ised and comparable reports for methane emissions. 
Amongst other things, the International Methane 
Emission Observatory (IMEO) was created as part of 
the United Nations Environmental Programme (UNEP 
2021). The aim is, amongst other things, to verify the 
emissions reported by infrastructure operators and 
to use them for emissions reporting by countries. If 
no reports are issued then the institute will calcu-
late emission values based on satellite data. The EU 
Methane Regulation prescribes a very precise LDAR 
programme (leak detection and repair) for operators, 
which is intended to significantly reduce methane 
emissions through frequent monitoring and rapid re-
placement of leaking components. 

The EU will use this data for their emissions inven-
tory. Data must also be used by individual member 
states so that two systems do not run in parallel. The 
German Environment Agency welcomes these plans 
and will also use the data from national operators in 
the emissions inventory. 
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