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The global maritime cargo transport is an important part of globalization and contributes to the prosperity of society. However, the ecological footprint of this transportation
system and the cruise lines is considerable. For this reason, there are already restrictions and regulations in coastal areas, for example in the North and Baltic Seas, which
regulate the use of permitted fuels and their emissions. According to the state of the art, monitoring outside port areas, narrow sea passages or canals is hardly possible or
involves high operating costs.

Within the project "SEP-3AP", a system for long-range monitoring of ship emissions was
developed based on an aerosol single particle mass spectrometer. This allows to determine
the actual chemical composition of individual particles and to detect specific elements such
as iron, vanadium and sulphur, enabling conclusions to be drawn about the type of fuel
used (heavy fuel oil or marine diesel). To detect possible ships as emission sources, the
information on the chemical fingerprint is correlated with meteorological data, i.e. wind
direction and wind speed, as well as the current ship positions, in order to specifically
identify a particular ship as a possible emission source.

Ship Emission Profile – Advanced Analyzer for Aerosol Particles

To locate the origin of the emissions, a model for backward
trajectories was developed, which is characterized by a high temporal
and spatial resolution. Point measurements, for example, are not
sufficient for this, as they are not spatially dense enough, so that high-
resolution temporal and spatial simulation data of the wind fields from
weather forecasts are used. As the forecasts have a certain degree of
uncertainty, sets of trajectories are calculated from ensemble forecasts
in order to be able to show a possible range of the area of origin. The
freely available model forecasts of the German Weather Service
(DWD), which have a horizontal resolution of around 2.2 km, are
available as spatial input data for the North and Baltic Seas. The data is
also available as an ensemble forecast, i.e. several numerical weather
forecasts that cover the same period but differ in terms of slightly
different initial conditions, boundary conditions and/or physical
parameterizations. The ensemble forecasts are used to compute
trajectory plots that span a bandwidth of the area of origin of a
possible emitter. By evaluating a ship tracking system (AIS data of the
ships), the trajectory locations can be compared with the ship
positions at any time and possible emitters can be extracted.

The software is controlled via a user-friendly
program interface named SELDAS (Ship Emission
Long Distance Aerosol Surveillance).
To localize ships after a successful detection of air
pollutants, the AIS data is automatically read and
displayed by the program system when a
calculation is started. In the second step, the
meteorological data (in this case model forecasts
ICON-D2 from the DWD) are read in, processed
and the backward trajectories are calculated and
also displayed. Subsequently, a geometric
intersection of the displayed AIS data and the
calculated backward trajectories is performed.
The result is a tabular output of all intersections
found. Finally, the results table can be restricted
by the user using adjustable filter functions. Both
the time tolerance and the ship parameters can
be changed.

The project was initiated as part of the Central Innovation Program for SMEs (ZIM) and was funded by the Federal Ministry for Economic Affairs and Climate
Action. The project management agency is the VDI/VDE-IT and the project number is 16KN083625.
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