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Motivation and Goal
Ship emissions are a known source for pollutants that degrade air quality and
pose a risk to human health and the environment. Future prospects predict an
increase in trade and because almost 90 % of the world’s freight transport is
done by ship an accompanying increase in the worlds fleet capacity is likely
(UNCTAD 2018). This development will result in an increased air pollution by the
shipping sector. Thus the topic will retain it’s relevance in the future and to study
and assess the impact on air quality in affected regions, e. g. the North/Baltic
Sea and the Chinese coast, the generation of emission inventories is a crucial
step. This also constitutes the starting point for further investigation, utilizing a
Chemical Transport Model and a comparison of the mentioned affected regions.
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The model utilizes a “Bottom-Up” approach, meaning the
emissions are recreated by combining the sources with activities
and emission factors. By definition, the source is the spatial
location of the emitter, the activity is the temporal emission
pattern and the emission factor determines the amount of
pollutants emitted (Benkovitz, 2004).

The goal we pursued with the present model was to provide an easy-to-use tool to
generate shipping emission inventories. It is designed with clearly distinct steps in
the process of emission generation and thus very flexible. This enables an
unproblematic adaptation, not only to different regions in the world, but also for the
creation of emission data for conceivable scenarios.
It was a key aspect in design to provide a good reusability for future works.
Furthermore the model will be implemented in the comprehensive framework
HiMEMO, currently under construction at HZG, that provides the tools to create and
combine emissions from all relevant sectors, including shipping emissions.
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Additional ship characteristics data can be extracted from the
static section of recorded AIS signals (Automatic Identification
System).
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In the last step the calculated emissions will be rastered to a grid and/or saved with the ship routes.
This grids can be visualized and used, e.g. with a chemistry transport model. The ship routes instead
can further be processed, e.g. to create scenarios or generate statistics of the underlying data set.

As first results the model could be applied to AIS data for the North/Baltic
Sea Region for the year 2015 (spatial distribution, Fig. right; ship type
distribution, Fig. below). The data was processed in chunks of 1 month,
the grids were added, subsequently.
The resolution for the grids shown is 0.05°, which corresponds to less
than 4 km in these latitudes.
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If all of the necessary data is present usually the fuel or energy consumption for each route segment
must be calculated. These can be multiplied by the emission factor (EF) to gain the emissions. EFs
are currently implemented for the pollutants SO2, NOx, Black Carbon (BC), Mineral Ash (MA) and
Polycyclic Organic Aromats (POA) (Zeretzke, 2013, Aulinger, 2016). Regulations for fuel sulfur
content (FSC) are implemented for the sulfur emission control areas (SECAs) in the North/Baltic Sea
and the coast of eastern China. An option for automatic determination of the SECA and applied FSC
is implemented.
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Ship types for this dataset are
representative and should be revised
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The model is structured into 5 basic steps. The whole procedure
is shown in Scheme 1.
Ship characteristics are queried from a database, e.g.
maximum. speed, engine power, MCR. Missing data is
estimated by various implemented regression functions for 7
different ship types, i. e. namely cargo, bulk, tanker, cruise,
ferry, tug and vessel (unknown).
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