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About 21,000 large emitting sources worldwide generate half the carbon dioxide (CO2) and methane (CH4) emission from the power, industry and waste sectors. 
Governments and companies make major investments to reduce these emissions, while prioritization and justification of these investments require accurate 
emission data. Identification and quantification of large sources of greenhouse gas emissions using earth observation is instrumental in supporting emission 
reduction policies to limit the impact of climate change. To guide observation-based monitoring and mitigation, emissions data needs to be specified by location 
and should include auxiliary data to match both the satellite component and the national reporting obligations. Here we present the TNO Emission Atlas (EA), a 
global greenhouse gas emissions database combining the best available existing facility-level emission data.

Methods

The TNO Emission Atlas is a hybrid inventory, combining up-to-date point 
source emission datasets for CO2 and CH4, as well as co-emitted nitrogen 
oxides (NOx). Data sources include CoCO2 GPSDB (Guevara et al., 2024), 
CarbonMapper, ClimateTRACE and other datasets. Both the coordinates 
and emission rates for each emission location have a quality flag based on 
the expected accuracy of the data.

Several steps are being implemented for validating emission sources in the 
TNO EA. Methods include cross-referencing with other datasets, image 
recognition of facilities in combination with deep learning (see abstract 
Schoenmakers et al.), and automated searching for co-located CH4 plumes 
in TROPOMI satellite imagery.

each emission source is linked to an associated temporal profile, which 
allows an estimate of hourly emission rates to improve the comparability 
of prior emission data with observations. Furthermore, the inventory is 
accompanied by gridded sector-level emissions (0.1 x 0.1 degree) that, 
together with the point sources, encompass total global anthropogenic 
emissions.

Results

The TNO EA covers a large number (>100k) of emission sources across various 
emission intensive sectors with their exact coordinates and expected annual 
emission rates. 
In total, the EA covers some 105 Megatons of CH4 emissions (~25% of global total 
anthropogenic CH4 emissions) and 18.5 Gigatons of CO2 emission (~45% of global 
total anthropogenic CO2 emissions).

The EA can support multiple use cases. The current EA has provided up-to-date 
emission source location and prior emission information at facility level to 
support the science case for the TANGO (Twin Anthropogenic Greenhouse Gas 
Observers) mission, a new ESA Scout satellite mission. The EA can provide 
estimates of the number, estimated source strength and spatial spread of 
detectable sources of CO2 and CH4 assuming certain instrument specifications.

As the point and gridded emissions encompass total global anthropogenic 
emissions, the TNO EA is suitable as input to chemical transport models for larger 
scale inversions and data assimilation.

Conclusions & Outlook

The TNO global point source Emission Atlas (EA) is a comprehensive global inventory of major emission sources of greenhouse gases and air pollutants. The EA and 
its continued development are crucial for maximizing the value of satellite missions like TANGO. By providing high-priority emission hotspots, the EA supports 
smarter targeting and selection of measurement sites. The TNO EA allows for a more systematic collection and categorization of new source-level emission data 
generated by the TANGO mission and other EO missions to continuously update and verify existing emission estimates and allow for periodic monitoring of large 
emission sources. It therefore holds potential for enhancing the effectiveness of future satellite missions worldwide, advancing global emission monitoring and 
climate policy support.
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Validation of methane emiting locations in the Emission Atlas 
using existing satellite observations (S5P TROPOMI).

Coverage of total emissions by sector in Emission Atlas compared to global
anthopogenic emissions from the EDGAR v7.0 inventory

Validation of landfill location and activity in the Emission Atlas 
using deep learning with Sentinel 2 imagery (see presentation
by Emma Schoenmakers for more details)

Methane point sources by sector in the TNO Emission Atlas
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