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Abstract

Methodology

Due to its dependence on fossil fuel combustion and the fact that it is one of the least regulated
anthropogenic emission sources, emissions from the shipping sector can contribute significantly to air
pollution and climate change. A reliable and up-to-date ship emission inventory is essential for atmospheric
scientists who quantify the impact of shipping, as well as policy makers to aid in implementing regulations
and incentives for emission reduction. Several emission inventories exist for Europe, which include
emissions originating from ship traffic in European sea areas. Few comparisons of these inventories, in
particular for shipping, exist in literature. The aim of this study is to review, compile and compare the
emission inventories available for the European domain, in particular for shipping and its main pollutants
(NOx, SOx and PM10). Four inventories were considered: EMEP; TNO-MACC_III; E-PRTR and EDGAR. The
total emission values are largely in agreement. Significant differences exist in the spatial emission
distribution, in particular over the Mediterranean region. Contributions of shipping to overall emissions are
16%, 11% and 5% of total NOx, SOx and PM10 emissions, respectively.

The contribution of shipping activities to the total anthropogenic emissions was calculated. Emission data
reports to 2008, with the exception of EDGAR, for which the only available inventory is the year 2010. The
emissions grid of the EMEP, E-PRTR and EDGAR inventories were converted to the 0.125º x 0.0625º grid of the
TNO inventory (the finest resolution grid) for the spatial comparison. Deltas between TNO (inventory with high
emission values and finest grid) and EMEP (inventory with coarse resolution), as well as TNO and E-PRTR
(inventory with low emission values), we calculated.
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Available pollutants

European 0.5º x 0.5º

NOx, SOx, CO, NMVOC, NH3, PM10, PM2.5, PMcoarse, Heavy metals, POPs

European 0.125º x 0.0625º

CH4, CO, NH3, NMVOC, NOx, PM10, PM2.5, SO2

E-PRTR

European 5 x 5 km2

NOx, PM10, SO2, CO, NH3, CO2

EDGAR

Global 0.1º x 0.1º

CO2, CH4, N2O, HFCs, PFCs, SF6, CF6, NF3, CO, NOx, NMVOC, SO2, NH3, PM10, PM2.5, BC, OC
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For PM10, there is higher consistency between the spatial distributions of the inventories. TNO and EDGAR
show more similarities regarding the definition of the routes and the magnitude and distribution of shipping
emission values. The E-PRTR inventory exhibits large differences compared to other inventories, with lower
overall value along international shipping routes.
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Figure 3 – PM10 emissions (t.yr-1) from shipping estimated for Europe domain.

Figure 1 – Contribution of the shipping sector to the total emissions for Europe domain, for different pollutants.

NOx values are consistent in all inventories (total values of ~ 1.6 t), with 16-17% from shipping activities. SOx,
with a total value of 1.2-1.4 t.yr-1, has a relative contribution of 11-13% from shipping. Shipping contributes 45% in PM10 emissions, with a total of 0.4 t.yr-1. There is agreement between the different European inventories,
with the exception of the E-PRTR inventory, in particular for NOx and SOx.
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Figure 2 – NOx emissions (t.yr-1) from shipping estimated for Europe domain.

E-PRTR exhibit the lowest pollutants emission values over the international routes. Available emissions data for
domestic shipping is included in E-PRTR and EDGAR, which is not the case for EMEP and TNO.
The spatial distribution for SOx is not shown, as the results are very similar between inventories.
TNO and EDGAR show a similar spatial distribution of NOx emissions, explained by the high resolution used by
both inventories. TNO presents higher emission values for shipping, in particular over the Mediterranean route.
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Figure 4 – Differences (t.yr-1) in emissions between TNO and EMEP and between TNO and E-PRTR.

Although E-PRTR has the lowest emission values, the maximum deltas (international routes) are found between
TNO and EMEP. This can be explained by the large coarse resolution of EMEP when converted to the TNO grid.
This in turn causes the maximum deltas to be seen from TNO and EMEP instead of TNO and E-PRTR.
The magnitude of the differences reaches more than 3000 t for NOx and 240 t for PM10. These maximum deltas
represent more than 95% of the average emission data over the shipping route lines.

Conclusions
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• Total emission values show an overall agreement, with the exception of the E-PRTR inventory that presents lower emission
values, in particular for NOx and SOx.
• Contribution of shipping activities are approximately 16%, 11% and 5% of total NOx, SOx and PM10 emissions, respectively.
• The spatial representation shows significant differences in the emission distribution, in particular over the Mediterranean.
• The TNO inventory should be used in studies that require high-resolution emission data. EDGAR can also be used for fine grid
resolution studies, and when domestic shipping is a key component of the study. E-PRTR also has domestic shipping but
emission values are underestimated (not all shipping emission sources are included). Only when fine grid resolution is not
essential, should the EMEP emission inventory be considered as a good option.
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