Atmospheric Environment 177 (2018) 187-194

Contents lists available at ScienceDirect

ATMOSPHERIC

Atmospheric Environment

journal homepage: www.elsevier.com/locate/atmosenv

Review article

Shipping emissions over Europe: A state-of-the-art and comparative analysis = M)

Check for
updates

M.A. Russo’, J. Leitdao', C. Gama, J. Ferreira, A. Monteiro

CESAM & Department of Environment and Planning, University of Aveiro, Aveiro, Portugal

ARTICLE INFO ABSTRACT

Keywords: Several emission inventories exist for Europe, which include emissions originating from ship traffic in European
Shipping sea areas. However, few comparisons of these inventories, in particular focusing on specific emission sectors like
Atn‘ws.pheric pollutants shipping, exist in literature. Therefore, the aim of this paper is to review and compare commonly used, and freely
Emissions available, emission inventories available for the European domain, specifically for shipping and its main pol-
;r;vrzr;t:nes lutants (NOx, SOx and PM10). Five different inventories were considered which include shipping activity: 1)

EMEP; 2) TNO-MACC_III; 3) E-PRTR; 4) EDGAR and 5) STEAM. The inventories were initially compared in terms
of total emission values and their spatial distribution. The total emission values are largely in agreement (with
the exception of E-PRTR), however, the spatial representation shows significant differences in the emission
distribution, in particular over the Mediterranean region. As for the contribution of shipping to overall emis-
sions, this sector represent on average 16%, 11% and 5% of total NOx, SOx and PM10 emissions, respectively.

Recommendations are given regarding the specific use of each available inventory.

1. Introduction

Due to its dependence on fossil fuel combustion and the fact that it
is one of the least regulated anthropogenic emission sources, studies
show that ships make a non-negligible contribution to air pollutant
emissions (Corbett and Fischbeck, 1997; Eyring et al., 2005a), specifi-
cally NOx, SOx and PM10. These pollutants have negative impacts on
air quality, human health, and climate change problems at local, re-
gional, and global levels (Isakson et al., 2001; Eyring et al., 2005b;
Costa et al., 2014; Viana et al., 2014; Aksoyoglu et al., 2016). Accurate
and up-to-date ship emission inventories are key inputs for air quality
modelling, and are essential for a better understanding, and cost-ef-
fective control, of the impacts of air emissions from shipping activities
on the environment and human health. One of the challenges in im-
proving the accuracy of ship emission inventories is due to their mo-
bility, poorly integrated models, and limited data (Matthias et al.,
2010). Information on these types of emissions is limited due to a lack
of dynamical features, such as the geographical or temporal variations
of emissions. This information can be critically important for all
transportation emissions, which present a substantial spatial and tem-
poral variation (Jalkanen et al., 2016). For the maritime transport
sector, characterization of shipping activity is a challenging task, and
has large uncertainties in emission assessments (USEPA - U.S.
Environmental Protection Agency, 2004; Wang et al., 2008). Therefore,
studies concerning ship emissions in Europe are mainly based on
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statistical analysis of cargo volumes (Schrooten et al., 2009), vessel
arrivals and departures (Whall et al., 2002), voluntary weather reports
from ships (Corbett et al., 2007) or search and rescue services (Endresen
et al., 2003; Wang et al., 2008). Tools such as the Automatic Identifi-
cation System (AIS) can significantly reduce the uncertainty concerning
ship activities and their geographical distribution. However, these in-
ventories are dependent on real-time information, full access to traffic
activity and temporal changes (Jalkanen et al., 2016). Given the large
number of ship movements and dynamic shipping routes, this type of
data, for the entire European domain, is currently not freely accessible.

The aim of this study is to present a state-of-art of the most up-to-
date and available emission inventories regarding ship exhaust emis-
sions in European sea areas. The comparison is performed for the most
critical pollutants: nitrogen oxides (NOx), sulphur oxides (SOx) and
particulate matter (PM10), based on graphical and quantitative delta
analysis.

The most used emissions inventory is from the EMEP Centre on
Emission Inventories and Projections (CEIP), which collects data from
LRTAP Convention parties (WebDab). In addition, other inventories
focused on the European domain, and used in this study, are: EDGAR
(EDGARv4.3.1, 2016), TNO-MACC_III (Kuenen et al., 2014), E-PRTR (E-
PRTR, 2011) and STEAM (Jalkanen et al., 2016). These inventories are
independent from the EMEP database. EDGAR is an emission inventory
with global annual emissions data, per country, for the most relevant
air pollutants. E-PRTR (European Pollutant Release and Transfer
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