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Overview 
 Shipping’s role in the global economy was, 
until this century, mainly focused on three key areas 
– three steps that defined progress.  Today, we are 
some decades, maybe half a century, into a new 
regime that includes a fourth key area – a fourth step 
forward.  Very broadly, these include:  

1) Economic demand requiring transport of goods 
and people across oceans and along coastlines;  

2) Understanding natural conditions, for safer and 
more reliable shipping while reducing costly 
unintended incidents like spills, collisions, and 
delays;  

3) Innovating technologies and enterprise practices 
to move goods (and people) across harsh ocean 
routes (natural conditions) in service of a global 
supply chain (economic demand).   

4) Natural consequences of social value, including 
chronic damage to ecosystems, long-term change 
to ocean-atmosphere process, and harmful health 
impacts to coastal communities. 

 Natural consequences of social value are now 
becoming part of the business of shipping.  
Companies, agencies, financial investors, and 
governments recognize that the role of shipping 
includes better stewardship of the environment.   
 Interdisciplinary engagement is required to 
promote discussion of these four steps forward.  New 
understanding and knowledge creation requires 
pluralistic dialogue on shipping and environment, 
which must bring together ocean and life scientists, 
technology providers and innovators, maritime 
business leaders, and public servants offering policy 
guidance. 

Motivation for Dialogue 
 Shipping is a primary enterprise enabling 
globalization of economies and social activities 
((Corbett and Winebrake 2008, Corbett, Winebrake 
et al. 2010)). Perhaps uniquely, shipping is also an 
iconic activity at the nexus of coupled human-natural 
systems (Liu, Dietz et al. 2007).  Shipping is central 
– and until recently largely overlooked – in 
understanding long term effects and past impacts 
related to invasive species, coastal infrastructure and 
ecosystems, ocean chemistry, and atmospheric 
processes.   
 Moreover, improved understanding is 
essential to assist public policy makers and industry 
leaders in making better decisions that enable 
shipping activity to achieve better environmental 
performance.  Indeed the environmental performance 

of shipping is influenced by, coupled with, trade 
patterns and transportation technologies employed in 
service of economic activity (Corbett and Winebrake 
2018). Consensus is emerging that shipping delivers 
more than traded cargoes; maritime activities must 
also provide environmental stewardship.    

Discussion Elements 
Many dimensions of coupled human-natural 

systems are undergoing rapid change, including 
shipping-environmental dimensions. Socio-
economically, this is a time of change in the shipping 
industry not seen in 100 years. Economic recovery 
and environmental attention is promoting innovation 
in vessel design, propulsion configuration, and 
supply chain transformation.  The enterprise of 
shipping business, and the governance of shipping, 
require the understanding emerging signals from the 
science community to prepare for sustainable (and 
profitable) achievements in a time of rapid transition. 
 Figure 1 presents a list of environmental 
objectives that are already influencing shipping 
progress in the 21st Century. Thirty years ago, these 
were considered decoupled concerns of specialized 
expertise; today, joint effort is central to progress. 

 
Figure 1. Summary of environmental performance 
issues related to improved shipping sustainability 

Thesis: Interdisciplinary Dialogue is 
Essential to Better Performance  

 Researchers around the globe are beginning to 
work directly with leading shipping companies and 
local maritime experts.  This necessarily requires 
more than natural observation skills, more than the 
application of theoretical understanding, more than 
the techniques of innovation, and more than the 
desire to move goods in a global economy.   
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Introduction 
Collectively, the world’s oceans are a mosaic of 
interconnected biogeochemical provinces that 
support elemental cycles, foster organismal grow, 
and regulate global climate. Marine phytoplankton 
are responsible for approximately half of Earth’s 
primary productivity, the process by which carbon 
dioxide is converted, or “fixed,” into organic 
molecules via photosynthesis. Atmospheric 
deposition of natural and anthropogenic aerosols to 
the surface ocean provides essential nutrients and 
trace metal micronutrients that phytoplankton require 
to support this growth. Atmospheric deposition is 
particularly enriched in nitrogen and iron, two 
essential plant nutrients, but may also contain 
significant amounts of phosphorus and other 
biologically important metals depending on the 
aerosol source.  
 

Methods 
In this talk, I will review the current state of 
knowledge on how atmospheric deposition influences 
marine microbial ecology and biogeochemistry. 
Several case studies will be reviewed, and the 
potential effects of shipping emissions on 
phytoplankton in the Arctic Ocean will be discussed. 
 
 

Conclusions 
  
New advances in chemical and biological 
measurement techniques have revealed that aerosol 
trace metal solubility is strongly influenced by 
biological activity in the surface ocean, where 
processes like nutrient uptake, scavenging onto cells, 
and biological ligand production all influence 
dissolution of metals from aerosol particles. At the 
same time, we now know that different metals have 
different dissolution rates that can vary from 
instantaneous (occurring over seconds to minutes) to 
gradual (occurring over several days) depending on 
chemical and biological factors.  
 
The availability of trace metal micronutrients 
together with nitrogen in aerosols can lead to a range 
of biological and ecological outcomes as nutrient 
limitation and co-limitation of phytoplankton growth 
is relieved. Aerosol nutrients may support one or 

several different species within a community, or may 
induce toxicity if metal concentrations exceed levels 
the cells can tolerate. These biological effects give 
rise to changes in phytoplankton ecology by shifting 
community composition, and may affect the 
biogeochemical activity of phytoplankton. The 
biogeographical distributions of phytoplankton 
species may likewise be affected by atmospheric 
deposition, if aerosol nutrients support expansion of 
their niche, or constrict it through toxicity. These 
ecological shifts can have important economic 
consequences; for example, atmospheric deposition 
of anthropogenic aerosols has been linked to an 
increase in harmful algal blooms in China’s extensive 
coastal fisheries.  
 
Understanding how atmospheric deposition will 
affect phytoplankton in the future as the climate 
warms is imperative for accurate predictions of future 
marine primary productivity to be made. At low 
latitudes, expansion of low nutrient stratified waters 
could increase the relative importance of aerosols as 
a nutrient source. At high latitudes, where warming is 
happening more rapidly, the loss of sea ice will 
provide new areas for ocean-atmosphere interactions. 
The Arctic Ocean is a prime example of a site where 
global change could potentiate the effects of aerosols 
on marine biogeochemistry. The increase in open 
water and associated increase in shipping in the 
region could result in waters with new and 
uncharacterized ecological properties that are 
profoundly influenced by shipping emissions. The 
potential consequences of shipping emissions on 
Arctic phytoplankton communities will be discussed, 
and future research directions will be explored. 
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Introduction 

Shipping emission inventory of Shanghai Port was 
firstly estimated by the research team of Shanghai 
Environmental monitoring Center (SEMC) using the 
top-bottom method based on the shipping fuel 
consumption. As one of the largest international 
shipping center, the Container through put of 
Shanghai port has been ranked first in the world since 
2010. In 2011, SEMC developed the shipping 
emissions inventory based on the shipping activity 
data via visa number and survey. In 2016, the 
bottom-up method using land-base AIS data was 
used to estimate the shipping emissions of Shanghai 
Port. Besides, the ambient air quality monitoring and 
the impact evaluation of shipping emissions upon 
Shanghai were also implemented. 

Methods 
The emissions inventory was developed by using the 
bottom-top method based on the land-base AIS data 
authorized by Shanghai Maritime Safety 
Administration(MSA). The vessel information data 
base of China MSA is used to match the AIS data. 
The emission factors of the Port of Los Angles were 
used. The vessels’ auxiliary engine and boiler 
information was collected from the Third IMO Green 
House Gas Research and the local survey data. 
The concentration of SO2 near the typical terminal 
was intensively monitored in order to evaluate the 
effect of the first phase measurement of the Yangtze 
River Delta Domestic Emissions Control Area. The 
Single Particle Mass Spectrometry(SPMS) device 
was also used to identify the source of PM2.5. 
The CMAQ model was used to estimate the impact 
of shipping emissions upon the ambient air quality of 
Shanghai. 

Conclusions 
In 2015, the shipping emissions of Shanghai Port 
calculated using bottom-top method based on AIS 
data are: PM2.5 3006 tonnes, NOx 93550 tonnes, SOx 
19414 tonnes.   
The major pollutants impact the ambient air quality 
in the port region are air pollutants, including SO2, 
NOX and etc.  
The contribution from shipping emission to PM2.5 in 
Shanghai is about 1.78%; the contribution to SO2 is 
12.51%; the contribution to NO2 is 13.25% annually. 
The contributions of shipping PM2.5, SO2 and NO2 to 
port region is higher than the domestic in Shanghai, 
which could be 11.74%, 55.52% and 58.70%. 

 
Figure 1. The Impact of shipping PM2.5 emission 

upon Shanghai at four seasons 
The shipping emission has  more significant impact 
upon the air quality of Shanghai in spring and 
summer than that in autumn and winter due to the 
prevailing wind direction. For the geographical 
impact, shipping emission affected the north-east 
costal region more than other inland regions. 
The research team is grateful to Shanghai 
Environmental Protection Bureau and Shanghai 
Science and Technology Committee for their funding 
support.  
We also be grateful to Shanghai Academy of 
Environmental Sciences and Fudan University for the 
joint work, to Shanghai MSA and Shanghai Traffic 
Committee for the data support, to Hongkong EPD 
and Simon Ng for the technical consultation. 
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Introduction 
While land-based emissions of nitrogen 

oxides (NOx) in Europe have steadily decreased over 
the past two decades due to stringent air quality 
regulations; emissions from ship traffic in the North 
Sea and Baltic Sea have been increasing over the 
same time period. In the atmosphere, nitrogen oxides 
are transformed through photochemical processes 
into more water soluble gaseous and particulate 
species which are eventually removed by deposition. 
The atmospheric deposition of nitrogen-containing 
species is an important contribution to the input of 
nutrients into the Baltic Sea and to land ecosystems. 
The results from this model study will be maps of 
nitrogen deposition from shipping to the Baltic Sea 
and maps of the ship contribution to air pollution 
(NO2, O3, PM2.5) in the Baltic Sea region. The use of 
three different chemistry transport model (CTM) 
systems, together with comparison to land-based 
observations from European networks, will allow a 
sound estimate of the uncertainties connected with 
transport and processing of atmospheric pollutants. 

Methods 
The CTM systems CMAQ (Byun and Schere, 

2006), EMEP (Simpson et al., 2012) and SILAM 
(Sofiev et al., 2015) were applied in this study. Some 
details of the model configurations are given in Table 
1. Simulations were done for the full year of 2012 to
represent the present-day situation. Ship emissions
from STEAM (Jalkanen et al., 2012), which uses
ship position data of the Automatic Identification
System (AIS) network, were gridded to the
respective model’s grid resolution. Land-based
emissions were from SMOKE-EU or ECLIPSE
emission databases; annual totals were comparable.

Table 1. Overview of the three applied CTM setups. 

Conclusions 
Results from the three different models show 

that shipping is the main contributor to ambient NO2 
concentrations over the Baltic Sea and at coastal sites 
(Fig. 1.). Photochemical ozone production due to 
NO2 from ships increases O3 levels in areas >100 km 
away from the major ship routes. Shipping emissions 
are responsible for 40-70 % of the particulate nitrate 
during the summer months. Relative contribution of 
shipping emissions to monthly total nitrogen 
deposition (sum of oxidized and reduced nitrogen 
species) was highest in summer, with up to 60 % in 
the northern part of the Baltic Proper, and on average 
10 % in other parts of the Baltic Sea. 

Figure 1. Daily mean NO2 (in μgN/m3) at the 
regional EMEP station Keldsnor (Denmark). Two 

CMAQ runs (with shipping (cyan) and without 
shipping (red)) are compared to observations (black). 
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Introduction 
 Ship emissions have significant negative 
impact on climate change, ambient air quality and 
human health, especially in coastal areas. However, 
almost all of the studies are focusing on large engines 
such as ocean-going vessels and coastal transport 
ships, only very few studies have involved in fishing 
boats (Ziegler & Hansson, 2003; Lin et al., 2006; 
Gabina et al., 2016), which were usually focused on 
energy saving, impact of fuel on emissions, etc. 
China has the largest number of fishing boats in the 
world. Therefore, on-board test of 12 fishing boats 
that had different engine capacities in China for 
exhaust pollutants was carried out in this study. 
Emission factors (EFs), characteristics and estimated 
total emissions were considered and be discussed. 

Methods 
 A combined on-board emissions test system 
was used to measure the emissions from the fishing 
boats under actual operating conditions. The diluted 
system had four main components, two particulate 
samplers, an eight-stage particulate sampler, and a 
secondary diluted system for the online measurement 
of black carbon (BC). Additionally, a Flue Gas 
Analyzer (PhotonⅡ) was used to give online data of 
gaseous species.  

Conclusions 
 The average EFs of gillnet, angling and 
trawler boats in this study were 29.25±7.24, 
97.13±41.83, 25.60±11.17 g (kg fuel)-1 for CO, 
30.27±18.48, 64.13±14.02 and 68.11±32.84 g (kg 
fuel)-1 for NOx, 2.66±0.16, 3.33±1.68 and 7.53±3.44 
g (kg fuel)-1 for PM, which had higher values than 
previous studies of fishing boats. When compared to 
medium-speed and slow-speed diesel vessels, high-
speed fishing boats had relatively higher CO EFs but 
lower NOx EFs. Notably, when fishing boats were in 
low-load conditions that typically active in coastal 
areas, there always had higher EFs of CO, PM, NO2 
and OC to EC ratios. The estimated results showed 

that emissions from motor-powered fishing boats in 
China could account for 10.7%, 10.9% and 8.1% of 
CO, NOx and PM2.5 of non-road mobile sources, 
which means the indispensable contribution of 
fishing boats to air pollution, especially in fisheries 
developed areas, such as southern China. 

 
Figure 1. Average EFs for pollutants of test fishing 

boats. 
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Introduction 
 Chalmers university of Technology has 
carried out emission factor measurements of gases 
and particles from ships in real traffic as part of the 
EU-projects Envisum (https://blogit.utu.fi/envisum/) 
and CompMon (http://compmon.eu/). The objective 
of the former project is to evaluate ship emissions in 
the sulphur emission control area (SECA) in the 
Baltic Sea and to evaluate how it improves air quality 
and health. This project, running between 2016 and 
2019, includes partners from Norway, Denmark, 
Sweden, Finland, Estonia and Poland. Chalmers is 
carrying out measurements from the Älvsborg site in 
the ship channel of Göteborg and the Great Belt 
bridge. During the summer 2017 an airborne field 
campaign will be carried out in the middle of the 
Baltic sea and in September a field study in Gdansk 
will be carried out. The Compmon project, that was 
running between 2014 and 2016, was aimed at 
developing and demonstrating techniques for 
compliance monitoring of ships with respect to the 
usage of low sulphur fuel, as required in the SECA. 
The project included partners from Belgium, Finland, 
the Netherlands and Sweden and associated partners 
from Denmark and Germany. Chalmers carried out 
measurements from the Älvsborg site in Göteborg, 
the Öresund bridge and from an aircraft flying at the 
SECA border in the English channel.  
In this paper we will describe the methods and show 
results from the various measurements. This will 
include ship specific emission data of particles and 
NOx in addition to sulphur emissions that are already 
mentioned here.  

Methods 
 The data are primarily obtained with “in-situ” 
sniffer technique for SO2, NOx, CO2 and particulates 
(Beecken et al. 2014). The measured particle 
properties correspond to particulate number, 
particulate mass and black carbon (BC). In addition, 
for the compliance monitoring optical airborne 
measurements of SO2 and NO2 are carried out to 
identify ships which are running on high sulphur 
fuel) (Berg et al. 2012). The measurements at the 

fixed sites are automatic and connected to an AIS 
receiver (Automatic Identification System) and a 
wind measurement station which are used for the 
identification of bypassing ships. The airborne 
measurements are carried out from a Navajo Piper 
aircraft located in Roskilde Denmark and which is 
certified to carry the sniffer and optical equipment. 
To estimate the amount of pollutant per kg of fuel, 
the ratio of the pollutants against CO2 is measured 
across the ship plumes. These data are used for 
checking compliance levels with respect to fuel 
sulphur content and to validate ship emission models 
(Jalkanen et al. 2009).  
 

Conclusions 
 Ship specific emission factors of sulphur, 
NOx, particulate matter, particulate number and black 
carbon have been measured in harbours and open sea 
of several thousand ships. A special emphasisi has 
been made to evaluate the performance of abatement 
equipment and the environmental efficiency of 
running alternative fuels (scrubber, SCR, LNG, 
methanol). Forinstance in the measurements we have 
observed several ships equipped with malfunctioning 
scrubbers. Around Denmark, southern Baltic and 
North sea there is in general a good compliance rate 
with respect to using low sulphur fuel  corresponding 
to 96 % at the Great Belt bridge. However, some 
specific ship owners are often encountered high. On 
the English Channel close to the SECA border about 
13 % of the ships were using noncompliant fuel. 
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Introduction 
 Emission studies on ship diesel engines have 
hitherto focused on sulfate and soot particles. Ship 
engines do, however, also emit large amounts 
(hundreds of mg kW−1 h−1) of particulate organic 
matter (POM) whose speciated composition and 
formation mechanism are yet unknown. We have 
used an advanced online analytical technique for 
characterizing POM in the exhaust of a ship diesel 
engine that was operated on residual heavy fuel oil 
(HFO) and low-sulphur distillate marine gas oil 
(MGO). 

Methods 
 Emission measurements were carried out on a 
one cylinder, four-stroke, trunk piston engine (SKL 1 
VDS 18/15, VEB Elbe-Werk Roßlau) with common 
rail injection. The test bench engine was run under 
stable operating conditions (50% load, 40 kW, 1500 
rpm) and did not include an exhaust treatment 
system. We used two types of fuel, heavy fuel oil 
(HFO, ISO- F RMG 380) and marine gas oil (MGO, 
ISO-F DMA), with sulphur contents of 2.33 and 
0.08% (w/w), respectively. Engine exhaust was 
injected into a 10 m3 Teflon (FEP) chamber. A 
proton-transfer-reaction time-of-flight mass 
spectrometer (PTR-ToF-MS) combined with the 
novel CHARON (“chemical analysis of aerosol 
online”) aerosol inlet (Eichler et al., 2015) was used 
for characterization of submicrometer POM in 
diluted and cooled ship engine exhaust. 

Conclusions 
 In both fuel operation modes, exhaust particle 
mass spectra were dominated by polycycloalkanes in 
the C20-to-C39 range (Figure 1), which are typical 
main constituents of lubricating oils. Exhaust particle 
mass spectra were closely reproduced when the 
engine’s lubricant oil was directly measured in 
aerosolized form. Total emissions of lubricant oil 
amounted to 183 and 74 mg kW−1 h−1 for HFO and 
MGO combustion, respectively. These values 
resemble typical oil loss rates of marine four-stroke 
trunk piston engines in which most of the lubricant is 
known to be lost through the combustion chamber 
and the tailpipe. We conclude that marine trunk 
piston engines are generally prone to high emissions 
of particles mainly composed of unburned lubricating 
oil (Eichler et al., 2017). 

For non-marine diesel engines, it has been 
extensively documented that lubrication oil is an 
important parent material of emitted POM (e.g. 
Worton et al., 2014). For marine diesel engines, this 
has hitherto only been hinted at in a few technical 
conference papers (e.g. Miller et al., 1997) 

 
 

Figure 1. Emission profiles of lubricant oil 
hydrocarbons in HFO exhaust as a function of 

number of carbon atoms (#C) 
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Introduction 
Commercial shipping activities and emissions can be 
estimated with modelling approaches that utilizes 
AIS-data and combines this activity data with 
vessel’s technical details (Jalkanen et al, 2012). 
Especially the vessel activities are well known due to 
the availability and high update rate of AIS-data. 
However, for private pleasure boats there are no such 
direct activity data available that could be used for 
the assessment of their contribution to atmospheric- 
and water pollution.  As a consequence, emission 
inventories with temporal and spatial variability for 
the pleasure boat fleet do not exist currently. Since 
there are several hundred thousand pleasure boats at 
the Baltic Sea and their activities are mostly situated 
near populated coastal areas, there is a need for 
detailed emission inventories for the pleasure boat 
fleet.  

Methods 
In order to determine the pleasure boat emissions a 
new simulation model for the pleasure boat activities 
and emissions has been built. The simulation model 
utilizes survey data to characterize national pleasure 
boat fleets. For selected pleasure boat sub-categories 
emission factors for NOx, PM2.5, CO and NMVOCs 
have been estimated according to literature values.  

For the assessment of general temporal profile 
of activities, AIS-data for the Baltic Sea has been 
used. In this process more than a thousand vessels 
that exhibit the behaviour associated to pleasure 
boats were isolated from the AIS-data. This isolated 
activity data was then used to assess the hourly 
temporal profile for the whole pleasure boat fleet. 

For the spatial variability of activities and 
emissions the model uses a list of marina locations 
with boat counts and simulates the activities of each 
pleasure boat separately in the vicinity of its marina. 
We have listed more than 3000 marina locations at 
the Baltic Sea hosting approximately 250 000 
pleasure boats by a) analysing the satellite images 
following the Baltic coastline and b), based on 
available marina data on the web. For each marina 
we have used high resolution land use information to 
determine the possible activity locations near the 
marinas. We have associated a probability 
distribution function for these possible activity 

locations based on the survey data. In essence, the 
probability for activities decreases as the distance to 
the marina increases. However, we additionally 
assume that boats are more likely to have activities 
near the coastline and near local islands and thus we 
reduce the probability of activities for locations 
farther away from coastline and islands accordingly.   

Conclusions 
With the pleasure boat simulation model the spatial 
and temporal distribution of air emissions and anti-
fouling paint leach can be estimated. In this paper we 
will also quantify the total annual emissions of the 
Baltic Sea pleasure boats for the selected pollutants. 
It should be noted that the modelling uncertainty is 
significant; the presented results should be regarded 
as an initial attempt to model pleasure boat emissions 
with a resolution suitable for atmospheric dispersion 
modelling and marine ecosystem modelling.  
 

 
Figure 1. Estimated total fuel consumption of the 

Baltic Sea pleasure boats in 2014. 
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Introduction 
 Asia’s share of world seaborne trade reached 
41% and 60% for goods loaded and unloaded in 2015, 
and nine of the top ten global container ports as well 
as eight of the top ten leading ports by total volume 
are located in East Asia. These areas also have the 
highest population density, poor air quality and the 
fastest developing rate. China government has set up 
three domestic emission control areas (DECA) to 
reduce the shipping emissions. The ships were 
required to switch to 0.5% diesel fuel when at berth in 
10 key ports in China since January 1, 2017.  

Methods 
 An AIS data based emission inventory was 
established to understand current shipping emissions 
in East Asia. We distinguished at berth and at 
anchorage mode emissions for 71 port regions in 
China to support the evaluation of DECA. A field 
campaign – Shipping Emission Impacts by Switching 
Oil in Bohai Bay (SEISO-Bohai) – was taken place in 
a key port during December 2016-January 2017. The 
emission forecast model was developed for China 
shipping emissions. Then, based on the observation 
and modelling, the air quality impacts from shipping 
emissions and future emission controls were evaluated.  
 

Table 1. Methods and objects in the study. 

 
  

Conclusions 
 Shipping emissions in East Asia accounted for 
16% of global shipping CO2 in 2013, compared to 
only 4–7% in 2002–2005. In China, the total 
emissions of NOx, PM, SO2, and CO2 were 1.91 ± 
0.01, 0.164 ± 0.001, 1.30 ± 0.01, and 86.3 ± 0.3 Tg∙yr-

1. Compared with on-road mobile source emissions, 
NOx and PM emissions from ships were equivalent to 

about 34% and 29% of the total mobile vehicle 
emissions.  

The three hotspots, Bohai Rim Area (JJJ), 
Yangtze River Delta (YRD), and Pearl River Delta 
(PRD) accounted for 8% of the ocean area in China, 
but contributed around 37% to the total shipping 
emissions. The resulting total port SO2 emissions in 
JJJ, the YRD, and the PRD are 24.2 kt, 36.0 kt, and 
15.6 kt, and the total port PM emissions are 2.4 kt, 3.5 
kt, and 1.5 kt, respectively. Shipping emissions 
contribute 3-8 μg/m3 ambient PM2.5 concentration in 
JJJ port cities.  

 SO2 emissions are expected to increase by 44%, 
22%, and 50% in JJJ, the YRD, and the PRD, 
respectively, while PM emissions will grow by 45%, 
22%, and 51% in 2020. Regional control measures 
were far more effective than port controls in reducing 
emissions. According to the approach of WRF/CMAQ 
model and health model, the establishment of JJJ ECA 
is expected to avoid 314 premature deaths annually, 
bring health benefits of 43.07 million dollars. 
 In SEISO-Bohai campaign, we observed 75% 
SO2 concentration reduction in shipping plume after 
switching to low sulphur fuel. V could be used as a 
tracer element for shipping emissions. The profiles of 
shipping plume are different from heavy-duty trucks.  

 
Figure 1. China port emissions in 2013 
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Introduction 
Ship emissions are a large, and so far poorly 

regulated, source of air pollution. Emissions are to a 

large extent clustered along major ship routes, both at 

open seas, and also close to shore, and thus densely 

populated areas. Major pollutants emitted include 

sulphur, NOx and particles. Sulphur and NOx are also 

major contributors to secondary particle formation. In 

addition is NOx a major precursor for ground-level 

ozone. Air pollutants from international shipping 

(primary and secondary) will in general have largest 

effects when emitted close to shore, as the residence 

time in the atmosphere is typically a few days or less. 

For ground level ozone this is only partially the case. 

Furthermore, NOx will have a greater potential for 

forming ozone in pristine environments generally 

found at open seas than close to shore where the 

environment is often already rich in NOx from land 

based sources.  

Model calculations 

The model calculations are made with the 

EMEP model (Simpson et al. 2012). See also 

http://emep.int/mscw/mscw_publications.html for 

more recent model updates.  Here the model will be 

run with ship emissions representative for year 2010 

and 2015. As part of HTAP2 (http://www.htap.org/) 

emissions representative for year 2010 from different 

world regions, as well as from international shipping, 

has been perturbed by 20%. This study will be 

extended with model sensitivity studies perturbing 

emissions from different sea areas as the Baltic Sea, 

the North Sea, the Mediterranean Sea (including the 

Black Sea) and the remaining North Atlantic Ocean. 

The 2015 ship emissions will be representative for 

the situation after the implementation of a stricter 

SECA in the North Sea and the Baltic Sea. 

Model results 

The model calculations show that for PM2.5 

the emissions from shipping are an important source 

in coastal regions in Europe.  For regions bordering 

the SECA sea areas (Baltic Sea and the North Sea) 

we can show that PM concentrations have decreased 

as a result of stricter regulations. As shown in Figure 

1, ship emissions are also a major source of ground 

level ozone in Europe, comparable in magnitude to 

the contributions from other world regions. 

Figure 1 Seasonal contributions to ground level 

ozone to continental Europe (not including former 

Soviet Union states) from different world regions 

including International shipping (Oceans). The 

calculations are based on 20% perturbations of the 

anthropogenic emissions in the respective world 

regions.  
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Introduction 
The project MeSMarT (Measurements of 

shipping emissions in the marine troposphere; 
www.mesmart.de) has been established as 
cooperation between the University of Bremen and 
the German Federal Maritime and Hydrographic 
Agency (BSH) to determine the influence of ship 
emissions on the chemistry of the atmospheric 
boundary layer. The methods developed were found 
to be efficient to measure individual chemical 
composition of plumes from passing ships and to 
derive the ships’ actual burned fuel sulfur content 
(FSC). Since January 1th 2015 inside so called 
Sulphur Emission control areas (SECA) like the 
whole North Sea and Baltic Sea a maximum FSC of 
0.10% S m/m is allowed (MARPOL-VI regulation). 
The information on remotely measured FSC is of 
high interest for local port authorities to trigger 
personnel intensive on board inspections. 

Method 
In June 2014 a measurement station has been 

installed in Wedel at the Elbe River about 10 km 
downriver of Hamburg harbour. The station is 
equipped with trace gas monitors for SO2, CO2, NOx, 
and O3, a weather station, an AIS receiver 
(Automatic Identification System), as well as a 
MAX-DOAS system measuring SO2 and NO2. 
Plumes of passing ships (ships passing to the south-
west in a distance of 200 to 600 m) are transported 
with the wind to the station and are measured usually 
as clear sharp peaks in NO, CO2, and -if present- in 
SO2. The FSC is calculated from the SO2/CO2 ratio 
as described by Kattner et al. (2015). Measured 
peaks are allocated to passing ships with the plume 
tracks (calculated from measured wind conditions) 
and the ships’ current position (from AIS signal). 

Results 
From the beginning of the measurements until 

now (May 31th 2017) more than 7500 plumes of ships 
have been measured and clearly assigned (Table 1). 
Out of this sample 137 ships or 1.78% were 
measured to be probably non-compliant with the 
sulphur regulation (> 1.1% before and > 0.15% after 
January 1th 2015). This means that more than 98% of 
the ships passing the measurement site are compliant. 
This is in agreement with observations carried out in 
coastal regions in Finland, Sweden, Denmark, and 
the Netherlands (observed compliance rate 93 to 
99%; Kubel et al., 2016).  

Table 1: Number of measured and assigned ship 
plumes at measurement station Wedel (Elbe River). 

Since summer 2016 conspicuously measured 
ships are reported automatically via E-Mail to local 
authorities in near real time (delay < 2 hours). The 
authorities use this information as clear ground to 
take fuel samples on board the ships, which is 
necessary for prosecution. For 31 of the 7699 
measured ships a fuel sample was taken within two 
days after the remote measurement. For 25 samples 
(80%) the remote measurement and the fuel sample 
analysis result in the same decision (compliant/non-
compliant). 

The tightening of the FSC upper limit on 1th of 
January 2015 lead to a significant decrease of 
atmospheric SO2 inside the SECA area, which was 
measured to be 50 to 70%. This promotes the 
establishment of SECAs in other regions and the 
regulation of other pollutants from shipping like NOx 
and particulate matter. 

Due to the very good experience at the pilot 
station in Wedel, Germany will establish a 
monitoring network of up to six stations along the 
German coastal waterways. These stations will be 
part of a European monitoring network with near real 
time data exchange via the European database 
Thetis-EU. 

Kattner, L. et al., (2015) Monitoring compliance with 
sulfur content regulations of shipping fuel by in 
situ measurements of ship emissions, Atmos. 
Chem. Phys., 15, 10087-10092, doi:10.5194/acp-
15-10087-2015.

Kubel, D. et al., (2016): Compliance levels at 
different sea areas; Second CompMon 
Stakeholder Conference (8.12.2016), Brussels, 
http://compmon.eu/events/compmon2

Year Measured 
ships 

Probably non-
compliant ships 

2014 
(since Sept.) 

2015 
2016 
2017 

(till May) 

847 

3 479 
2 540 
833 

6 

69 
46 
20 

all 7699 137 

http://www.mesmart.de/
http://compmon.eu/events/compmon2
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Introduction 
Particulate matter (PM) from combustion sour-

ces, is of interest since it causes negative health 

effects. It was estimated in a model study that the 

number of premature deaths per year in Europe due to 

ship emissions will increase from 49 500 in 2000 to 

53 400 in 2020 (Brandt et al., 2013). Combustion 

particles also affect climate by acting as cooling or 

warming depending on their properties. It is hence of 

interest to know physical and chemical properties of 

the emitted particles.  

One measure that has been taken to reduce 

sulphuric particulate ship emissions are the Sulphur 

Emission Control Areas (SECA), of which the Baltic 

Sea area is one. In 2015 the International Maritime 

Organisation (IMO) regulated the sulphur fuel mass 

content of the fuel from 1 % to 0.1 %.  

We present a summary of how ship traffic 

affects particle concentrations in coastal populated 

areas, based on our own studies and the literature. 

Measurement methods 
There are several methods to measure and 

investigate aerosol emission from ship traffic, both in 

laboratories and when doing ambient measurements. 

One method is to use a stationary measurement site on 

land, close to a coastline, measuring the ship aerosol 

as it is transported across the site with the winds. This 

is useful for measuring emissions of a very large set of 

ships, and to determine properties of the aerosol which 

actually reaches population on land, since its proper-

ties might change due to atmospheric ageing. It is also 

possible to do source/receptor modelling, using tracers 

to estimate the effects of ships on air pollution levels. 

Results
Kivekäs et al. used a coastal site in Høvsøre, 

Denmark, to measure particle number concentration 

(Kivekäs et al., 2014). The distance to the ships was 

about 50 km. In Falsterbo, Sweden, we have conduc-

ted in-situ measurements on a coastal site, measuring 

several particle properties including size and chemical 

composition, e.g. sulphate and black carbon. At an 

intermediate distance of 5-10 km to the closest ship-

ping lane, the contribution to air pollution in Scania 

due to ships were estimated. 

In contrast to these coastal sites close to a 

single shipping lane, another study by Kecorius et al. 

measured the influence on air masses when passing 

the Baltic Sea, being affected by the several shipping 

lanes before reaching Preila, Lithuania. Data from 

existing measurement stations upwind and downwind 

of the Baltic Sea were studied (Kecorius et al., 2016). 

The measured particle number contribution due to 

ships in the above mentioned studies are shown in 

Table 1. 

Table 1. Ships contribution to particle number conc-

entration. The absolute and relative contribution ref-

ers to results during days when the wind was passing 

over the shipping lane. The yearly contribution also 

includes all other days with other wind directions.  

Increase in particle number conc. due to ships 

Abs. 

(cm-3) 

Rel. 

(%) 

Yearly 

(%) 

Falsterbo (winter) 240 17 13 

Falsterbo (summer) 270 11 8 

Høvsøre (summer) 

Kivekäs et al. (2014)  

170 11-19 5-8

Preila (all seasons) 

Kecorius et al. (2016) 

235-

1138 

30-53

Conclusions and outlook 
Costal sites are a good tool for measuring the ships’ 

contribution to air pollution. This is a relevant health 

issue since ship traffic is an increasing part of the 

world transport. More similar studies are needed to 

decrease uncertainties and to monitor changes in air 

quality, e.g. as a result of implemented regulations. 

Ambient measurements are also valuable for valid-

ation models, which can be further used to study the 

effect of marine traffic on health and climate 

The projects were funded by the Swedish Research 

Council FORMAS (project no. 2011-850 and 2014-

951) and the Crafoord Foundation (project no.

20140955 and 20161026).
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Introduction 
 Sea ports as a gateways for global trade are 
crucial to national and international economies. They 
are pivots of economic activity but also major 
sources of ship pollution. The ports of Gdynia and 
Gdansk, with more than 11000 ship calls per year, 
enriched by intensive tugboats movements are the 
Poland’s largest seaports and Southern Baltic’s 
busiest container ports. In order to give an 
assessment of air quality in both seaports, ships’ 
emissions inventories ship by ship were carried out. 
Also emission inventories for traffic, industry and 
households were generated. Furthermore, the results 
were correlated with domestic air pollution and 
relevant metrological data.  The main aim of this 
study is to quantify ship emissions and their 
contribution to local atmospheric air pollution and 
evaluate the relevance of ports activity as a source of 
additional contamination inputs. Also, actual SECA 
stricter legislation is expected to enhance ports 
sustainability, then air quality assessment will cover 
2014 (before 0.1% sulphur limit) and 2016 for 
comparison purpose. 

 
Methods 

 The shipping emissions contribution to the 
overall emissions in the Tri-city (Gdynia-Sopot-
Gdansk) urban area have been modelled with a 
bottom up approach, using ports administrations data 
of ship activities in the harbors, ship’s technical 
specification and detailed emission algorithms.  

Generally, spatial distribution of the shipping 
emissions over Tri-city area is critical when it comes 
to air quality assessment and modelling study 
explores typical ship’s emissions (NO2, SO2; PM) 
and their deposition. The transport, deposition and 
simple chemical transformation of atmospheric 
pollutants are calculated with Calmet/Calpuff 
dispersion modeling system developed by Exponent. 
Meteorological data used in project is provided by 
Weather Research & Forecasting Model (WRF) and 
fed with Global Forecast System (GFS). WRF 
calculation was made in regional scale – Europe in 
15 km resolution and nested over Poland in 5km 
resolution. WRF provides all meteorological input 
data needed for CALMET preprocessor, which 
converts them to local (Tri-city) scale 2-d and 3-d 
meteorological fields in 0,5 km resolution, adapted 
for CALPUFF calculations. Such high resolution is 

needed to capture the complexity of terrain, 
especially in Port Gdynia nearby. 
 

Conclusions 
Dispersion calculations was made with use of 

discrete receptors based on high resolution (0,25km) 
grid over Tri-city area. Boundary conditions was 
provided by EMEP model calculations made at MET 
Norway. Simplicity of CALPUFF model allows to 
determine the share of each type emission source 
(transportation, individual heating, ships, industry 
etc.) by use of separate model runs. For more precise 
investigation of ships emission impact, two different 
model runs were performed: one for ships’ 
approaching and maneuverings (incl. anchorage) and 
other while berthing. An examples of model 
calculation results are shown in Figure 1 and 2, 
presenting SO2 and PM concentrations, caused by 
moored ships in Gdynia-Gdansk ports. 

 

Fig.1 SO2 concentrations, 4th highest daily 
average, in Gdynia-Gdansk ports 

 

Fig.2 PM10 concentrations, 36th highest daily 
average, in Gdynia-Gdansk ports  
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Introduction 
Air pollution due to shipping is a serious 

concern for coastal regions in Europe (Viana et al., 
2014; Matthias et al., 2010). Shipping emissions 
nitrogen oxides (NOx) to air on the Baltic Sea are of 
similar magnitude as the combined land-based NOx 
emissions of from Finland and Sweden. They have 
been relatively stable over the last decade. For the 
North Sea and the Baltic Sea a nitrogen emission 
control area will become effective in 2021 (NECA-
2021). This regulation permits only new built ships 
that are compliant with the strict Tier III emission 
limits of the International Maritime Organization 
(IMO) MARPOL Annex VI, with the target of 
reducing NOx-emissions. 

Methods 
To study the effect of different regulations to 

reduce NOx emissions from ships on the air quality in 
2040, three scenarios were investigated: (1) business 
as usual scenario with efficiency increase rates in 
accordance with Kalli et al. (2013) and including the 
implementation of NECA-2021 (“BAU”); (2) no 
implementation of NECA-2021 (new built ships 
comply with Tier II limits) but otherwise same as 
“BAU” (“NoNECA”); and (3) efficiency increase 
according to EEDI regulations of IMO but otherwise 
same as “BAU” (“EEDI”). 

Table 1. Scenario ship emissions of NOx and PM2.5 in 
the Baltic Sea. 

The Community Multiscale Air Quality 
(CMAQ) model (Buyn and Schere, 2006) was used 
to simulate the current and future air quality 
situation. Nested simulations with CMAQ were 
performed on a horizontal resolution of 4 x 4 km2 for 
the entire Baltic Sea. High-resolution meteorological 
fields were obtained from COSMO-CLM 
simulations. Ship emissions from STEAM (Jalkanen 
et al., 2012) interpolated to CMAQ resolution were 

used as hourly input. Land-based emissions were 
from SMOKE for Europe (Bieser et al., 2011). 

Conclusions 
Model simulations show that ship emissions 

are the main contributor to ambient nitrogen dioxide 
(NO2) over the Baltic Sea in summer (Fig. 1). 
NECA-2021 (scenario “BAU”) results in 70-90 % 
lower NO2 over the Baltic Sea region in 2040. 
Without NECA-2021 the reductions are significantly 
smaller. Lower efficiency increase (“EEDI”) gives 
one third higher NO2 concentrations than in “BAU”. 

Figure 1. Ship contribution to ambient NO2 (in ppbV) 
over the Baltic Sea in the present-day scenario in 

summer (JJA average). 
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PM2.5 (kt/yr) 

Present (2012) 
NoNECA 2040 

330 
166 

14.9 
5.2 

EEDI 2040 94 7.3 
BAU 2040 68 5.2 

AP-P-05



Primary and secondary particles from ship emissions in port cities 

A. Aulinger, M. Ramacher, M. Karl and V. Matthias

Institute of Coastal Research, Helmholtz-Zentrum Geesthacht, 21502, Geesthacht, Germany 

Keywords: ship emissions, emission modeling, urban air quality, dispersion modeling, particle formation 

Introduction 
Ships emit considerable amounts of 

pollutants, not only when sailing, but also during 

their stay at berth. This is of particular importance for 

port cities hosting large vessels. Ships contribute to 

the particulate concentration levels both by directly 

emitting particles like black carbon or sulfates and by 

emitting nitrogen and sulfur oxides which are the 

most important precursor substances for secondary 

particles. 

Methods 
To estimate the emissions from ships in ports 

both the technical specifications of the ships and their 

emission factors specific to the different ship 

activities, sailing, maneuvering and berthing need to 

be known. At our institute, we combined a line 

source model approach for moving ships (Aulinger et 

al. 2016, Matthias et al. 2016) and a point source 

model for ships at berth following an approach by 

Hulskotte and Denier van der Gon (2010). For 

moving ships, emission factors depend on the ship 

size and type and the load of the engines during 

sailing. For berthing ships, functional relationships 

between ship size and fuel use per hour at berth for 

different ship types have been derived. These 

functions have been combined with ship activities 

derived from AIS data and tables of port calls to 

calculate the energy use, fuel consumption and 

emissions of the most important gaseous and 

particulate pollutants. 

As a first example, ship emissions for the port 

of Hamburg were calculated with this model. The 

resulting emission inventory served as input for the 

Chemical Transport Model systems TAPM and 

CityChem. To investigate the impact of ship 

emissions on air pollution in the Hamburg area 

model runs for January and July 2012 were 

performed; one run including land-based emissions 

and the ship emissions and another run just including 

the land-based emissions. The model results were 

evaluated with air quality data and yielded 

concentration maps of pollutants from harbor related 

ships in the Hamburg metropolitan area. 

Results 
Due to the strict regulations for the fuel sulfur 

content in ports the sulfur dioxide and sulfate 

emissions are low compared to the emissions of 

nitrogen oxides. In 2012, the total NOx emissions 

from ships amounted to more than 5000 tons while 

SO2 emissions were about 650 tons. Primary aerosol 

emissions comprising sulfates, black carbon and 

other primary organic aerosols were about 280 tons 

according to the model results. 

Evaluating the results of the dispersion 

modeling both with and without ship emissions 

revealed that the influence of ship emissions on NO2, 

which is in absence of SO2 the most relevant 

precursor for secondary particles, can reach up to 

15% and more even in areas not adjacent to the port. 

At the same time, increases of PM2.5 concentrations 

caused by ships can be as high as 10% in the outer 

districts of Hamburg (Figure 1). 

Figure 1. Relative increase of PM2.5 concentrations 

resulting from ship emissions in July 2012. 

The largest influence of ship emissions can of course 

be seen in the port area. As an example, the daily 

PM2.5 concentration in July 2012 measured at the air 

quality monitor (Hamburger Luftmessnetz) 

Willhelmsburg is on average underestimated by 35% 

when omitting ship emissions and by 20% when 

including ship emissions. 

Aulinger, A., Matthias, V., Zeretzke, M., Bieser, J., 

Quante, M. and Backes, A. (2016) Atmos. Chem. 

Phys. 16, 739–758.  

Matthias, V., Aulinger, A., Backes, A., Bieser, J., 

Geyer, B., Quante, M. and Zeretzke, M. (2016) 

Atmos. Chem. Phys. 16, 759–776. 

Denier van der Gon, H. and Hulskotte, J. (2010) 

Methodologies for estimating shipping emissions 

in the Netherlands, Netherlands Environmental 

Assessment Agency (TNO) 

AP-P-06



An estimation of fuel consumption and pollutant emissions from leisure crafts along the 

German Baltic Sea Coast 

V. Fischer, A. Aulinger, M. Quante and V. Matthias

Institute for Coastal Research, Helmholtz-Zentrum Geesthacht, 21502, Geesthacht, Germany 

Keywords: ship emissions, emission modeling, leisure craft 

Introduction 

The coastal areas in the Baltic Sea are not 

only sailed by commercial ships. The coastline is a 

popular destination for leisure crafts. With regards to 

air quality degradation caused by the shipping sector, 

the question emerges which contribution non-

commercial vessels have on air quality in coastal 

areas. Therefore, it is necessary to assess the impact 

of the exhaust emissions from leisure crafts on local 

air quality. An essential requirement for estimating 

pollutants exhaust by leisure crafts are technical data 

of the boats, their fuel consumption and their 

activities. The data about ships' activities and 

technical specification were collected through 

different surveys among ship owners along the 

German Baltic Sea Coast in the framework of a 

thesis, which was part of the EU research project for 

Sustainable Shipping and Environment of the Baltic 

Sea region (SHEBA). 

Methods 
Two online surveys, conducted following 

quantitative research methods of empirical social 

science, yielded the data base underlying this study. 

One survey in which about 300 private leisure craft 

owners participated served to estimate leisure craft 

activities in the Baltic Sea throughout the year for 

boats registered in Germany. In this survey, the 

leisure craft owners described their preferred routes 

both for weekend and long term trips, a well as their 

home ports and the technical specification of their 

vessels. As a result of the survey we obtained three 

ship density maps which have been combined to a 

single weighting factor matrix by calculating a 

weighted average of the densities. Because of the fact 

that long cruises were sailed on average two times a 

year and short cruises between five and seven times a 

year, the short cruise and the long cruise maps were 

combined with a relation of 3:1. The relation between 

sailing the open sea and manoeuvring in and around 

ports was 1:9 because it was found that more than 

90% of the leisure crafts were sailing boats with a 

motor which they use mostly for manoeuvring. 

A second survey among fuel station owners 

and operators elucidated the annual fuel sales for 

leisure craft activities. The thus determined fuel 

consumption was distributed spatially by means of 

the weighting factor matrix. Finally, spatially 

distributed emissions of NOx, PM10 and NMVOC 

were calculated using the emission factors from the 

EMEP/EEA Guidebook (2013). 

Results 
The survey results show that the majority of 

leisure boats on the German Baltic Sea Coast are 

sailing boats with engines (about 40,000 vessels) 

which use their engines on average 1.33 hours per 

day mainly in coastal or port areas. Motorboats and 

sailing boats without engines make up only 4% of the 

total fleet. Therefore, emissions on the open sea from 

leisure craft are negligible. On the other hand, 

remarkable emission numbers can be reached in 

frequented ports close to living areas. As can be seen 

in Figure 1, there were 24 spots with annual NOx 

emissions of more than a ton, with the maximum of 

11 tons found in the port of Kiel. 

Figure 1. Annual NOx emissions from leisure crafts 

in kg estimated for 2015. Grid cells with emissions of 

more than a ton are marked with crossed circles. 

EMEP/EEA air pollutant emission inventory 

guidebook – 2013. Published by the European 

Environmental Agency, Technical report No 

12/2013.  
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Introduction 

 Ship emissions in ports can have a significant 
impact on local air quality in harbour cities. In the 
frame of the SHEBA project the impact of emissions 
from ships in harbours on the local air pollution in 
the city agglomerate Gdansk-Gdynia for 2012 was 
determined. An urban air quality study was 
performed using a city-scale Chemical Transport 
Model (CTM) simulating NO2 and PM2.5 
concentrations in 2012 with the aim to determine the 
exposure of the cities’ population to emissions from 
shipping and from residential heating. 
 

Air quality modelling 
 The air quality modelling in Gdansk-Gdynia 
was performed with the CityChem model (Karl 
2017). CityChem uses 3-D boundary concentrations 
for the city domain derived from simulations with the 
regional air quality model CMAQ to account for the 
background pollution. 
 For the study of the air quality in Gdansk-
Gdynia, CityChem was set-up with a main grid of 
40x40 grid cells of 1x1 km² each and a receptor grid 
of 400x400 grid cells of 100x100 m². Model runs for 
2012 with all emission sources (base) were 
performed as well as (1) a run without shipping 
emissions (no_ship) to determine the exposure to 
shipping emissions and (2) a run without residential 
heating emissions (no_heat) to determine the 
exposure to heating emissions. 
 

Emission inventories 
 In this study both, local bottom-up inventories 
and European top-down inventories, were selected to 
compile a complete (following SNAP nomenclature) 
emission inventory for Gdansk-Gdynia.  
 Ship emissions from STEAM (Jalkanen et al., 
2012) were generated by FMI with hourly variation 
and a grid resolution of 250 m. Point and line sources 
were contributed from the local air quality 
monitoring organization ARMAAG; and area sources 
for various SNAP sectors were extracted from 
SMOKE for Europe (Bieser et al. 2011). SMOKE-
EU area emissions with 1000m grid-resolution were 
obtained by downscaling using land use information 
from CORINE (CLC, 2012) and population density 
from EUROSTAT (Gallego, 2010). The same 
population density maps were used for the 
calculation of exposure in Gdansk-Gdynia. 

 

Results 
The CityChem simulations were evaluated for NO2 
and PM2.5 at eight monitoring stations of the 
ARMAAG network and spatial maps of 
concentration and population exposure for both, the 
influence of shipping and residential heating, were 
created for NO2 and PM2.5.  
 

 
Figure 1. Population exposure to NO2 emissions by 

shipping activities in July 2012. 
 
 The influence of the ship emissions on the 
overall air quality is more visible in summer months 
while residential heating is more important in winter. 
Although the highest pollution due to shipping is at 
sea, the population exposure in July shows a high 
influence of shipping in the highly populated areas 
downwind of the Gdansk port area (Figure 1). During 
winter months the population exposure is strongly 
connected to residential heating emissions. 
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Introduction 
 Ship emissions in and around ports contribute 
to local air pollution in port cities and are therefore of 
interest for urban air quality management. In the 
frame of the SHEBA project the impact of emissions 
from ships on local air pollution in the city of 
Gothenburg (Sweden) for year 2012 has been 
studied. The city-scale air quality was simulated with 
the coupled meteorological and Chemical Transport 
Model (CTM) TAPM to investigate impact of the 
local shipping activities and impact of regional 
shipping. The modelled concentrations of ozone, 
PM2.5 and NO2 were used to calculate human 
exposure and to determine the effect of shipping on 
human health within the city. 
 
Air quality modelling and health impact 

assessment 
 For the study of the air quality in Gothenburg, 
the meteorological domain was set-up with 30 km x 
30 km area and two different resolutions, (1) 500 m 
and (2) 1000 m. The CTM domain was nested in the 
domain of the meteorological model which was set-
up with 93x93 grid cells of 250m x. TAPM used 
hourly background concentrations for the CTM 
domain derived from results of the regional 
simulation of the Baltic Sea Region of air quality 
model CMAQ (as performed within the SHEBA 
project).  
 The gridded shipping emissions were 
calculated with the activity-based STEAM model 
(Jalkanen et al., 2012) on 250 m x 250 m resolution.
 Model runs for 2012 with all emission sources 
(road traffic, shipping, others) were performed as 
well as runs without shipping emissions to determine 
the effects of shipping emissions on the overall air 
quality. In addition, every scenario was simulated 
with 500 m and 1000 m meteorological field 
resolution, to identify impacts of a higher resolution 
in CTM runs. 
 To access the health impacts, the human 
exposure was calculated using the modelled 
concentrations of air pollutants associated to shipping 
and gridded population density in Gothenburg. The 
health impacts of the exposures were calculated using 
ALPHA2 model (Holland et al., 2013). 
 

Results 
 The TAPM simulations were evaluated for 
NO2 and PM2.5 for three monitoring stations of the 
Gothenburg measurement network. 
 Spatial maps of concentrations and population 
exposures, created for NO2 and PM2.5 related to 
shipping, show the biggest impact in the harbour area 
(figure 1). The influence and spatial distribution of 
the ship emissions on the overall air quality is higher 
in summer months, while in winter the impact of 
shipping emissions on the local air quality has low 
regional influence. The exposures and health impacts 
associated to shipping emissions concentrate on areas 
near the port. 

 
Figure 1. NO2 concentrations by shipping activities 

in Gothenburg, July 2012. 
 
 The comparison of all runs with just a change 
in the meteorological field resolution has shown, that 
the highest differences are within areas of high 
concentration and is mostly in areas with street 
canyons or topographic variety, which is not 
represented well by a lower resolution. 
 
Acknowledgments 
This work resulted from the BONUS SHEBA project supported by 
BONUS (Art 185), funded jointly by the EU, Swedish EPA and 
Forschungszentrum Jülich. 
 

Bieser, J., Aulinger, A., Matthias, V., Quante, M., 
Builtjes, P. (2011). Geosci. Model Dev., 4, 47-68.  

Holland, M.R. et al. (2013). European Consortium 
for Modelling of Air Pollution and Climate 
Strategies - EC4MACS report. 

Jalkanen, J.-P., Johansson, L., Kukkonen, J., Brink, 
A., Kalli, J., Stipa, T. (2012). Atmos. Chem. 
Phys., 12, 2641-59. 



AP-P-10 

Marine Traffic Influence on the Solubility of Trace Metal in Aerosols from Cornwall, 
UK 

 
S. Atkinson1, P. Worsfold1, T. Bell2, A. Milne1, M. Yang2, S. Ussher1 

 
1 School of Geography, Earth and Environmental Sciences, Plymouth University, Drake Circus, PL4 8AA, 

Plymouth, UK  
2 Plymouth Marine Laboratory, Prospect Place, PL1 3DH, Plymouth, UK 

 
 

Keywords:   Solubility of trace elements, trace metals, aerosols, anthropogenic trace metals 
 

Introduction 
 Atmospheric aerosol samples were 
collected from February 2015 to February 2016 at 
Penlee Point Atmospheric Observatory (PPAO) in 
order to observe the seasonal variability in trace 
element concentrations. PPAO is situated in a 
busy shipping area, at the mouth of Plymouth 
Sound and is in close proximity to the shelf sea 
time series stations, L4 and E1, part of the 
Western Channel Observatory. This location is 
ideally placed for collecting aerosols from 
different source regions. Southwesterly winds 
transport relatively clean marine derived air 
masses from the North Atlantic.  In contrast, air 
masses carried by wind from the north round to 
the southeast may be contaminated by 
anthropogenic activities such as emissions from 
ships, ferries and city traffic/industry. The aim of 
this study was to observe the impact of both local 
activities and long range dust transport on trace 
element concentrations in the aerosol samples 
collected. 
-

 
Figure 1. The different air masses influencing the 
aerosol loading. 
Methods 
 Weekly 24h aerosol samples were collected in 
order to determine the concentration of crustal-
derived elements (AI, Fe, Mn, Cu and Co) and trace 
metals of anthropogenic origin (Cd, Pb, Ni, V & Zn). 
Samples were leached with 100 mL UHP water (18.2 
MΩcm), followed by complete digested with 
HF/HNO3 and analysed using ICP-MS, to obtained 
the soluble fractions and total concentration. 

 

 
Figure 1. Methods of determination of soluble metal 

concentration and total metal concentration. 
 

Conclusions 
 The results were compared with local wind 
data and air mass back trajectories and demonstrate 
the variability in atmospheric deposition of trace 
metals to the surface ocean at the coastal site. 
Furthermore, there is a strong relationship between 
reported long range dust events (e.g. from continental 
air masses) and the concentrations of particular trace 
elements, e.g. Fe vs Al, and a relationship between 
concentrations of elements more indicative of 
anthropogenic activities (e.g. V & Ni) such as 
shipping traffic. Enrichment factors were calculated 
to evaluate anthropogenic versus natural element 
sources. 
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Introduction 

 Sulfur dioxide (SO2) and aerosols are 
two of the principal pollutants in ship 
emissions.  In January 2015 the 
International Maritime Organisation (IMO) 
regulation came into force to reduce by 
tenfold the maximum allowed sulfur content 
in ship fuel/emissions in Sulfur Emission 
Control Areas such as the English Channel.  
This reduction in fuel sulfur content (FSC) 
is expected to also result in a reduction in 
aerosol emission from ships.  Here we 
present observations of SO2 spanning the 
2014-2015 transition from a coastal site in 
the English Channel.  We also estimate ship 
emissions of aerosol number. 
 

Site Description and Methods 
 Our observations are from the Penlee Point 
Atmospheric Observatory (PPAO) near Plymouth, 
UK. This coastal site is exposed to marine air across 
a wide wind sector. The predominant southwesterly 
winds carry relatively clean background Atlantic air. 
In contrast, air from the southeast is heavily 
influenced by exhaust plumes from ships. Near-
continuous measurements of sulfur dioxide (SO2, 
fluorescence instrument, Thermo Scientific, model 
43i), carbon dioxide (CO2, cavity ring-down 
analyzer, Picarro G2311-f), ozone (O3) and standard 
meteorological parameters have been made at the site 
since May 2014. Aerosol size distribution (0.1-10μm 
radius) and total number concentration have been 
measured since February 2015 by two instruments: 
an ultra-fine condensation particle counter detecting 
aerosols >1.5 nm (CPC-3025A, TSI) and a compact 
lightweight aerosol spectrometer probe (CLASP). 
 

Results and Discussion 
 Our data suggest a 3-fold reduction in ship-
emitted SO2 from 2014 to 2015 (Yang et al. 2016). 
Apparent fuel sulfur content calculated from 
coincidental SO2 and CO2 peaks from local (nearest 
few km) ship plumes show a high level of 
compliance to the IMO regulation (> 95 %) in both 
years (see Figure 1). We discuss these results within 
the context of the spatial limitations of the signal 
observed at PPAO, seasonal/diel variability in natural 
sulfur sources and the atmospheric lifetime of SO2. 

 
Fig. 1: Apparent FSC in ship plumes at the PPAO 

 
Ship-emitted particles contribute significantly to 
aerosol number concentration in Plymouth Sound. 
Coincidental peaks in CO2 and total aerosol number 
concentration from local ship plumes suggest a mean 
emission factor of about 6e15 per kg of fuel in 2015-
2016. 
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Introduction 
In recent time, the weather pattern changes 

drastically when compare to the last few decades. It 

is truly attestation by increasing temperature about 

1.5°C at present and it may rise around 4°C  in 2100 

(IPCC,2007). Therefore, it is necessary to focus on 

the adaptation strategies on the climate change and 

attaining the climate stability by regulating the 

climate forcing parameters. There are about 40 

percent of world population live in the coastal areas 

of the world within the distance of 100 nm. 

Particularly, in India, around 20 percentage of the 

population live in the coastal states since the vast 

coastline length about 8100km. Moreover, the total 

marine trading is concentrated in the maritime states. 

Since they are the facilitated by the port and harbours 

for the marine transport. It is essential to provide the 

safety for the major population from the maritime 

aerosols which are coming from the ship and port 

emissions.  

Method for estimating emission and 

radiative buget: 

(OR)   

Conclusion 
An aerosol is a colloid of fine solid particles or liquid 

droplets, in air or another gas. The excessive range of 

aerosol in the particular region will affect the health 

of the living organism and affect the regional climate. 

Therefore, in-depth study on the aerosol over the 

coastal regions is pre-requisite in the climate change 

projections. The emissions of CO2, NOX and SOX 

from atmospheric pollutant affect cloudiness, and 

accelerate climate impact ‘Radiative Forcing’ (RF). 

Positive RF produces warming and Negative RF 

produces cooling effect. They also indirectly affect 

weather patterns through the Cloud Condensation 

Nuclei (CCN) ability of cloud which shows a high 

impact on gases and particulates. The overall effect is 

Negative Radiative Force. Increase in Sulphur could 

result in reduced Negative RF.the particulate 

analyzer is used to find out the level of aerosol. In 

order to analyze the aerosols, the particulate analyzer 

kept in upper deck of ship and analyzed the aerosol 

concentration over the atmosphere of south Indian 

coast. The aerosols concentration is used to analyze 

the optical property of aerosol and to find the 

radiation budget in the region. Residence time of CO2 

is longer about five years, whereas Sulphur residence 

time is about 10 days. The radiation data gives the 

detail of aerosol formation by which the level of 

forcing on climate is analyzed 
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Introduction 
 Emissions from the marine transport sector 
contribute significantly to air pollution globally 
(Corbett & Fischbeck, 1997). Around 15% of global 
NOx and 5-8% of global SOx emissions are 
attributable to oceangoing ships (Eyring et al., 2005). 
Because nearly 70% of ship emissions are estimated 
to occur within 400 km of land, ships have the 
potential to contribute significantly to air quality 
degradation in coastal areas.  
 Shipping emissions are currently increasing, 
and even more so in the future due to the 
globalization of manufacturing (USEPA, 2009). This 
increased flow of commercial ships into and out of 
ports does not only affect major ports, but also 
medium and small-scale ones. Although shipping 
contributes significantly to the international 
transportation sector, its emissions are not well 
quantified and are one of the least regulated 
anthropogenic sources. 

Methods 
 An in depth literature review was carried out 
focusing on the assessment of the impacts of 
shipping emissions and activities on urban air quality 
in coastal areas. The studies reviewed presented 
results on particulate and gaseous pollutants. The 
initial conclusion extracted from this review is that 
studies addressing this topic are relatively scarce, and 
that therefore there is a need to encourage this type of 
assessment in European coastal (and potentially, 
inland) areas. 
 Mitigation strategies to minimise these 
impacts were also assessed, including on-shore and 
off-shore strategies and the potential implementation 
of an Emission Control Area (ECA) in the Marmara 
Sea (Turkey). The methodology used followed a 
linked approach where: (1) dispersion modelling was 
performed with CALPUFF to quantify the shipping 
contributions to air pollution; (2) modelled 
concentrations were incorporated into a health impact 
analysis. Human health impacts were quantified by 
the environmental Benefits Mapping and Analysis 
Program (BenMAP-CE) developed by the US-EPA 
(www.epa.gov/air/benmap/). 

Conclusions 
 The literature review evidenced that shipping 
emissions contribute to ambient PM levels in 

European coastal areas with 1-7% of PM10, 1-14% of 
PM2.5 (reaching a maximum of 20% in Genoa, Italy) 
and at least 11% of PM1 (data for this size fraction 
available only for 1 location). Thus, it is evident that 
the impact of shipping activities increases with 
decreasing particle size. Spatially, shipping 
contributions to urban air quality degradation are 
higher in Mediterranean cities than in Atlantic coastal 
areas. However, it must be highlighted that results 
were obtained using different approaches and 
methodologies in the different regions, and thus may 
not be directly comparable. 
 The data available on gaseous pollutants is 
even more scarce than for PMx. Contributions from 
shipping to ambient NO2 levels range between 7 and 
24%, with the highest values being recorded in the 
Netherlands and Denmark. Increases in SO2 
concentrations were only reported in Sweden. 
 Regarding the environmental and health 
benefits of a potential ECA in the Marmara Sea, in 
Istanbul shipping emissions contributed with 2.5 
μg/m3 to PM10 (4% of annual PM10 mass), 1.9 μg/m3 
of PM2.5 (5% of annual PM2.5 mass) and 3.2 μg/m3 of 
SO2 (46% of annual SO2). Our analysis evidenced 
that implementing an ECA would be technically 
viable and that it would reduce the ship-sourced 
component of PM10 and PM2.5 in Istanbul (as ambient 
concentrations) by 67%, and SO2 by 90%. The 
subsequent reduction of the air pollution burden on 
health was quantified as 210 hospital admissions 
from exposure to PM10, 290 hospital admissions from 
exposure to SO2, and up to 30 premature deaths 
annually due to ECA emission controls. We conclude 
that this kind of assessment would be necessary for 
other regions around the globe to minimise the 
burden on health and the environment of maritime 
transport emissions. 
 
This work was supported by Twinning Project Nr. 
TR/10/IB/TR/01, the Spanish MAGRAMA 
(UCA2009020083), ETC/ACM, EEA and national 
projects CGL2011-26574 and CGL2010-19464. 
 
Corbett & Fischbeck (1997) Science, (278) 823-824. 
EEA (2013), EEA Technical Report. 
Eyring, V et al. (2005) J. Geophys. Res., 110, 
D17305. 
US-EPA (2009) EPA-420-R-09-007. 
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Introduction 
 Emission from regional and international 
shipping consists of a wide variety of harmful 
species, which have negative environmental and 
health impact. Some of them, also have climate 
relevance, either increasing the on-going climate 
change (e.g. CO2 or CH4, elemental carbon EC) or 
cooling down the atmosphere (nitrates and 
sulphates). Efforts being undertaken to reduce the 
ship emissions gradually spread from regional 
Sulphur/Nitrogen Emission Control Areas to global 
regulations, such as the recently approved MARPOL-
VI limits of the sulphur fuel content. 
With health impact of the emission abatement being 
unequivocally positive, the climate-related effects are 
less trivial. In some cases, such reduction may lead to 
temporarily negative effects due to reduction of 
production of secondary atmospheric aerosols 
(sulphates and nitrates) and associated cooling of the 
lower atmosphere. 

Methods 
 A series of the model-based studies were 
performed in Finnish Meteorological Institute using 
the System for Integrated modeLling of Atmopsheric 
coMposition (SILAM, http://silam.fmi.fi, (Sofiev et 
al. 2015)).  
 SILAM was interfaced with the STEAM ship 
emission model, which provided the hourly (3-hourly 
in some studies) emission fluxes from ships using 
their actual locations, speed and physical 
characteristics as described in (Jalkanen et al. 2016).  

Conclusions 
 In a series of studies, we investigated the 
regional and global atmospheric impact of ship 
emissions and changes induced by the emission 
abatement measures. An example in Figure 1 depicts 
mean annual (2011) concentrations of NO2 and PM2.5 
due to all European sources. These include ships, 
which lanes are clearly seen in the maps in 
Mediterranean and Atlantic Ocean.   
It was shown that the MARPOL-VI regulations are 
likely to save up to 100,000 premature deaths but can 
contribute up to 50-100 mW m-2 of lost cooling due 
to diminishing aerosol concentrations. The bulk of 
the effect was estimated to come from reduction of 
the cloud droplet number concentrations and 
associated reduction of cloud albedo.  

 For the Baltic Sea, the effect of NECA 
introduction will mainly improve the health-related 
characteristics and reduce eutrophication with minor, 
if any, effects on climate (Soares et al. 2013).  

 

 
Figure 1. Size distribution of primary soot-type 

particle and its lognormal fit. 
 
Jalkanen, J.P., Johansson, L. & Kukkonen, J., 2016. 

A comprehensive inventory the ship traffic 
exhaust emissions in the European sea areas in 
2011. Atmospheric Chemistry and Physics, 16, 
pp.71–84. 

Soares, J., Sofiev, M. & Jalkanen, J.-P., 2013. Impact 
of NOX Ship Emissions on the Baltic Sea Area: 
Present Status and Future Prospects, 

Sofiev, M. et al., 2015. Construction of the SILAM 
Eulerian atmospheric dispersion model based on the 
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Introduction 
 The critical load (CL) is a threshold of the 
amount of pollutants that an ecosystem can tolerate 
before suffering unacceptable damage (Nilsson & 
Grennfelt, 1988) either through soils and waters 
acidification or because of eutrophication. 
Exceedance of the critical load is the deposition 
above the critical load, i.e. the measure of how much 
the deposition must decrease to prevent ecosystem 
damage. The concept has been adopted, refined and 
used within the Convention on Long-Range 
Transboundary Air Pollutants (CLRTAP).  
 By mapping the critical loads and - 
combined with deposition maps – exceedances of 
critical loads for individual years, maps can be 
produced which show where and by how much the 
deposition needs to be reduced. 
 Protocols to reduce air pollution have been 
“effects-based” and aim to reduce the deposition of S 
and N compounds such that the critical loads (CL) to 
terrestrial and aquatic ecosystems are not exceeded 
(CLRTAP 2004). In this presentation, we compare 
two emission scenarios and estimate the effect of 
shipping on the exceedances of critical loads in the 
countries surrounding the Baltic Sea. 
 

Methods 
 Critical loads data are calculated periodically 
by the individual countries. Typically about 15 
members of the Convention provide data. Gaps in 
data for the countries not submitting their own 
calculations are filled by the Coordination Centre for 
Effects (CCE) (CCE ICP M&M, a part of the 
Working Group on Effects (WGE) of the 
Convention). CCE is also the part of the Convention 
that facilitates the data compilation and analysis, and 
following data management. The data are gathered 
by issuing a ”Call for Data”. For the work presented 
here, critical loads data collected in the latest Call for 
data in early 2017 were compared to deposition data 
calculated as a deliverable to the BONUS SHEBA 
project (http://www.sheba-

project.eu/imperia/md/content/sheba/deliverables/she
ba-d2.3_final.pdf).The deposition was calculated by 
the regional atmospheric chemistry transport model 
CMAQ. The modelled total deposition is the sum of 
dry deposition and wet deposition and includes a 
number of acidifying species of sulphur and nitrogen 
as well as nitrogen species contributing to 
eutrophication. Deposition based on two emission 
scenarios were provided for the year 2012; one 
including shipping and one without the contribution 
from shipping. It was therefore possible to evaluate 
the impact from shipping. 
 

 Results and Conclusions 
 The calculated exceedances of critical loads 
based on deposition scenario with and without 
shipping give a measure of how large the 
contribution is to the exceedance of critical loads. 
The magnitude of the difference between the 
scenarios gives an estimate of the potential for 
alleviating acidification and eutrophication at natural 
and semi-natural ecosystems on the land part of the 
Baltic Sea catchment area by reducing the airborne 
emissions from shipping.  
 Critical loads are an internationally 
established measure of the effects of air pollution on 
ecosystems. The impact of shipping on the 
exceedence of the critical loads should be considered 
together with emission impact directly on the sea 
surface to provide more complete assessment of the 
environmental benefits achievable by reducing the 
shipping emissions.  
 
The BONUS SHEBA project has received funding 
from BONUS (Art 185), funded jointly by the EU 
and the Swedish Environmental Protection Agency. 
 
  
Nilsson, J. & Grennfelt, P. (1988) Report from a 

workshop held at Skokloster, Sweden, 19-24.  
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Introduction 
Since 2013, the Hamburg Port Authority 

(HPA) conducts an air emission inventory for the 
different uses within the Port of Hamburg (PoH) to 
assess the port’s impact on the City of Hamburg. The 
shipping emissions are calculated with a modelling 
tool called ‘Elbsimulation’, which was developed by 
the Institute of Shipping Economics and Logistics 
(ISL) to visualize the ship traffic within the port’s 
boundaries. Based on the ships’ movements the air 
emissions of NOx, SOx, PM10 and CO2 can be 
calculated for historical data (2013-2016) and 
defined future scenarios. 

The emissions from seagoing vessels are 
calculated based on ship calls, berthing times and 
engine specifications of the respective vessels. The 
emissions from inland and inner port traffic vessels 
(i.e. river police, tug boats, pax ferries) are calculated 
based on throughput and ship call distribution 
functions for each terminal, derived from historical 
data analysis. Future throughput, ship call and ship 
development analysis for the PoH is applied for 
assessing future development of shipping emissions. 

During the production process of the latest 
Clean Air Action Plan (CAAP) of the City of 
Hamburg (BUE, 2017) calculated NOx emission 
numbers, based on the year 2013, were linked to ship 
heights and used for immission dispersal analysis. 

Results 
 In 2013 in total 7 944 t NOx were emitted 

from shipping activities in the PoH. Oceangoing 
vessels caused approximately 90% of NOx-, 99% of 
SOx- and PM10- and 85% of CO2-emissions in 
relation to all shipping emissions in the port. 65% of 
NOx emissions were emitted at berth. 

 
Table 1. NOx emissions in the PoH in 2013. 

Shipping contributes to 39% to the total 
amount of the city’s NOx emissions. The NOx 
immission dispersal analysis revealed that in the 
residential areas close to the port on the North side of 
the river Elbe shipping emissions can contribute up 
to 80% to the background NOx pollution level and 
can cause exceedings of the EU-threshold level of 40 
µg/m3. Prognoses showed that despite increasing 
efficiency of the single ship the overall NOx emission 
numbers will increase because of increasing 
throughput and vessel call numbers. 

 
Figure 1. Analysis of container vessels in the PoH. 

 
Conclusions 

 The impact of shipping emissions on the 
background NOx-pollution level has been long-time 
underestimated. The City of Hamburg started to 
implement measures to comply with EU regulation, 
which will be earliest possible by 2025. Shipping 
emissions have to be reduced by approximately 30% 
to meet this goal. As seagoing vessels are the main 
sources of pollution, the PoH  
1. will introduce a NOx fee in the port fee system to 
promote fleet transition and  
2. will install to a large amount onshore power 
supply stations for cruise and container vessels to cut 
down berthing emissions. 
 
Behörde für Umwelt & Energie (2017). 

Luftreinhalteplan für Hamburg, 2. Fortschreibung. 
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Introduction 

The purpose of this study is to perform a cost-
benefit analysis for two selected policy 
instruments designed to reduce nitrogen oxide 
(NOx) emissions from shipping in the Baltic Sea 
and the North Sea. One instrument is a NOx 
emission control area (NECA) in the Baltic Sea 
and the North Sea; the other is a combination of 
NECA and a NOx levy with revenues returned to 
shipping companies as a subsidy for NOx 
abatement uptake. Both instruments are assumed 
to be in force in 2021. 

Methods 
In the analysis, we examine three main scenarios: 

• Baseline (no additional policy instruments) 
• NECA  
• NECA + levy & fund 

In the NECA scenario we assume that no extra use of 
liquefied natural gas (LNG) is introduced and that the 
Tier III requirements for vessels running on marine 
gasoil (MGO) are fulfilled by installing selective 
catalytic reduction (SCR). In the NECA plus levy & 
fund scenario it is further assumed that Tier 0 vessels 
will not install SCR but pay the levy instead, and that 
75 per cent of Tier I and Tier II vessels will take up 
retrofit SCR, given that it is more profitable than 
paying the levy. 
 Total abatement costs have been assessed 
from the social perspective, assuming a low interest 
rate and long investment lifetime when calculating 
annual investment cost. Health benefits have been 
estimated with the GAINS and the ALPHA-Riskpoll 
models. The method for estimating health benefits is 
the same as applied in cost-benefit analyses that 
support the European Commission’s work on air 
pollution abatement strategies and the work of the 
Convention on Long-Range Transboundary Air 
Pollution. 

Conclusions 
The introduction of a NECA in the Baltic Sea and the 
North Sea in 2021 is calculated to result in total 
accumulated NOx emission reductions of about 4,500 
ktonnes during 2020–2040, on top of the baseline. 
Emission reduction costs are estimated at €1.38/kg 
NOx. The accumulated net health benefits (Value of 

Life Year lost – VOLY, median) from NECA 
implementation would amount to €6,600 million, 
with a benefit-cost ratio of 2.1. Annual reduction in 
NOx deposition on land would gradually increase and 
reach 60 ktonnes N in 2040. 

Combining a NECA with the introduction of 
the NOx levy & fund effective from 2021 is 
calculated to result in accumulated emission 
reductions over the period 2020–2040 of about 9,900 
ktonnes NOx at a cost of €1.68 per kg NOx. The 
accumulated net health benefits (median VOLY) in 
this scenario are €11,800 million, with an average 
benefit-cost ratio of 1.7. Reduction in NOx deposition 
on land amounts to between 65 and 80 ktonnes N per 
year. (See Table S1 and Figure S1.) 
 A comparison of annual costs with annual 
monetised health benefits that instead uses the higher 
health valuation (VSL – value of statistical life) 
results in even higher benefit-to-cost ratios, where 
the benefits exceed the costs by between five and 
eight times. 
 In the sensitivity analysis we consider the case 
of a less optimistic annual energy efficiency increase 
(0.84 percent per year) than assumed in the main 
analysis (1.3–2.3 percent per year). The results 
indicate that the total accumulated health benefits 
from implementation of the considered policy 
instruments are approximately 30 per cent higher 
than in the main analysis. 
 The calculations show that in the short-term 
perspective (2020–2030) the introduction of a levy 
and fund on top of a NECA would result in 
accumulated additional net health benefits of about 
€3,400 million (median VOLY) attributable 
primarily to health improvements among the 
population in coastal countries. A levy and fund 
appears to be an effective complement to a NECA 
with the potential to bring noticeable health and 
environmental benefits shortly after its enforcement. 
 
 
The study was commissioned by the Air Pollution & 
Climate Secretariat (AirClim), and can be 
downloaded at: 
http://www.airclim.org/publications/cost-benefit-
analysis-nox-control-ships-baltic-sea-and-north-sea 
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Table S1. Calculated costs and benefits for the NECA scenario and the NECA plus levy & fund scenario 
using median VOLY and mean VSL (€million). 
 

Year NECA NECA plus levy & fund 
Benefits Costs Net benefits Benefits Costs Net benefits 

VOLY VSL VOL
Y 

VSL VOLY VSL VOLY VSL 

2021 80 240 30 40 210 1,220 3,950 820 400 3,130 
2025 350 1,190 170 180 1,020 1,490 5,050 940 550 4,110 
2030 620 2,200 300 320 1,900 1,450 5,150 870 590 4,280 
2035 880 3,360 430 450 2,930 1,420 5,320 760 670 4,560 
2040 1,150 4,520 560 580 3,960 1,390 5,490 720 670 4,770 
2020–2040 
accumulated 12,700 - 6,200 6,600 - 28,300 - 16,500 11,800 - 

 
Figure S1. Total calculated abatement costs and health benefits (VOLY) accumulated over the period 2020–2040 
(€million). 
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Introduction 
 Shipping has a considerable impact on the 
environment due to the intentional and accidental 
release of pollutants. Maritime environmental 
legislation has tightened in recent years since the 
introduction of the MARPOL 73/78 regulations, 
however there is often a significant time gap between 
when the regulations are adopted and when they 
legally enter force.  
 The emergence of private voluntary 
environmental initiatives has occurred in an attempt 
to bridge the gap, reduce environmental impacts and 
raise the environmental profile of ships (Svensson & 
Andersson, 2011). However, there are 
inconsistencies in the methodologies used to define 
ship performance (Murphy et al., 2013), while the 
number and diversity of initiatives available for use 
can cause confusion, hindering progress towards 
greater sustainability (Lister, 2015).  
 A critical analysis of existing environmental 
initiatives in the shipping industry has been 
conducted, challenging the applicability, scope, 
environmental ambition and integrity of the 
methodologies adopted. The analysis highlights 
significant differences between initiatives with 
regards to applicability to ship types and locations, 
assessment rationale and environmental scope. The 
existing initiatives lack the flexibility to be ship 
specific and many show bias towards certain 
environmental indicators, while others lack ambition 
and have a limited environmental scope.  
 An alternative, holistic approach to 
environmental assessment of ships is proposed. 
 

Methods 
 Existing environmental initiatives in 
shipping are analysed and limitations with the current 
methods of assessment are highlighted. A new 
approach is proposed which eliminates the 
limitations identified in the analysis.  

The proposed approach is intended as a 
framework for the development of an effective index 
which covers a wide range of environmental issues, 
and can be applied to multiple different vessel types. 
Assessment of performance is based on ship and 
voyage specific characteristics. 

The method consists of several steps using a 
risk analysis based approach, summarised in Figure 
1. 
 

 
Figure 1. Impact Assessment Framework. 

 
 The method is implemented as follows: 

• Identify key interactions of shipping with the 
environment. 

• Identify environmental hazards. 
• Conduct Source-Pathway-Receptor analysis 

to identify impacts. 
• Review impacts to determine impact group. 
• Assess severity of impacts. 
• Determine likelihood of impacts. 
• Calculate impact significance. 
• Calculate significance of hazards. 
• Prioritise Hazards. 

 
Conclusions 

 An alternative framework for the 
environmental assessment of ships is proposed based 
on identification of ship specific impacts on the 
environment. 

The framework methodology consists of several 
steps using a risk assessment based approach to 
identify and prioritise environmental impacts. The 
methodology outlines a holistic framework for the 
development of future indices for environmental 
assessment of ships. 
 
Lister, J. (2015) Global Policy, 6 (2), 118-128. 
Murphy, A. J. Landamore, M. J. Pazouki, K. & 
Gibson, M. (2013) Low Carbon Shipping 
Conference, London 2013.  
Svensson, E. & Andersson, K. (2011) 
http://publications.lib.chalmers.se/records/fulltext/16
2305.pdf
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Introduction 

 Maritime transportation is the major cargo 
transportation mode responsible for around 80% of 
global trade by volume and over 70% of global trade 
by value worldwide (IMO, 2016). In the last few 
years, ship emissions have attracted growing 
attention in the scientific community (Eyring et al., 
2009). The main reason is the constant increase of 
marine emissions over the last twenty years due to 
the intensification of port traffic (Jalkanen et al., 
2016). Thus, this study aimed to evaluate ship 
emissions (PM10, PM2.5, NOx, SO2, CO, CO2, N2O 
CH4, NMVOC, and HC) through the activity-based 
methodology in four major ports of Portugal 
(Leixões, Setúbal, Sines and Viana do Castelo) 
during 2014. 

Methods 
 PM10, PM2.5, NOx, SO2, CO, CO2, N2O CH4, 
NMVOC, and HC ship emissions were calculated by 
the ship activity-based method. The survey 
information and operational data of ships were 
obtained from port authorities. Seven different ship 
categories were considered: bulk carrier, container 
ship, general cargo, passenger, Ro-Ro cargo, tanker, 
fishing and others. The analysis was performed 
according to ship types and operational modes. For 
each ship call the emissions produced during, 
maneuvering (maneuv), and hoteling (hotell) were 
estimated applying equations 1-2: 
 
𝐸𝐸𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(𝑔𝑔) = 𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(𝑀𝑀𝐸𝐸 × 𝐿𝐿𝐿𝐿𝑀𝑀𝑀𝑀 × 𝐸𝐸𝐿𝐿 + 𝐴𝐴𝐸𝐸 × 𝐿𝐿𝐿𝐿𝐴𝐴𝑀𝑀 × 𝐸𝐸𝐿𝐿 + 𝐴𝐴𝐴𝐴 × 𝐸𝐸𝐿𝐿)        
(1) 
 
𝐸𝐸𝐻𝐻𝐻𝐻𝐻𝐻𝑀𝑀𝐻𝐻𝐻𝐻(𝑔𝑔) = 𝑇𝑇𝐻𝐻𝐻𝐻𝐻𝐻𝑀𝑀𝐻𝐻𝐻𝐻(𝑀𝑀𝐸𝐸 × 𝐿𝐿𝐿𝐿𝑀𝑀𝑀𝑀 × 𝐸𝐸𝐿𝐿 + 𝐴𝐴𝐸𝐸 × 𝐿𝐿𝐿𝐿𝐴𝐴𝑀𝑀 × 𝐸𝐸𝐿𝐿 + 𝐴𝐴𝐴𝐴 × 𝐸𝐸𝐿𝐿)             
(2) 
 
where ME is the maximum main engine power (kW), 
AE is the auxiliary engine power (kW), AB is the 
auxiliary boiler energy default, LFME is the load 
factor of ME at manoeuvring and hotelling (%), 
respectively for Equations (1) and (2), LFAE is the 
load factor of AE at manoeuvring and hotelling (%), 
respectively for Equations (1) and (2), EF is the 
emission factor for different engine types/fuel 
profiles and operational modes (manoeuvring and 
hotelling) (g/kWh), respectively for Equations (1) 
and (2), TManoeuv is the average time spent during 
manoeuvring (h) and THotell is the average time spent 
at berth (h). 

Results 
Table 1 shows the total in-port ship emissions for the 
four ports studied. 

 
 

Table 1. Total ship emissions in Leixões, Setúbal, 
Sines and Viana do Castelo during 2014. 

Port Total emissions 
Leixões 2.1E+05 
Setúbal 3.1E+05 
Sines 3.4E+05 

Viana do Castelo 8.9E+03 
 As can be seen from Table 1, ships calling at 
Sines port produced the highest emissions followed 
by Setúbal, Leixões, and finally Viana do Castelo. 
Nevertheless, when considering the total GT of the 
ships calling each port, Sines was the one with the 
lowest emissions per total GT, followed by Leixões, 
Viana do Castelo and Setúbal. Emissions by ship 
type indicated that tankers were the largest emitters 
in two of the four analysed ports. This result seems 
related to the higher hotelling times and AE loads, 
during this mode of operation for tankers. CO2, NOx 
and SO2 estimated emissions represented more than 
95% of the total emissions. Results were compared 
with the total national emissions and if the emissions 
calculated in the present study would have been 
taken into account to these totals, emissions of NOx, 
SO2 and CO2 would increase 16%, 28% and 1% 
respectively. Summing up ships seems to be an 
important source of air pollution, mainly regarding 
NOx and SO2. 
 
IMO (2016). http://www.imo.org/en/OurWork, 
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(2009). Atmos. Environ. 44, 4735–4771. 

Jalkanen, J.P., Johansson, L., Kukkonen, J., Brink, 
A., Kalli, J., Stipa, T. (2016). Atmos. Chem. Phys, 
16, 71–84. 
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Introduction 
 Eutrophication is one of the main threats to the 
biodiversity of the Baltic Sea and is caused by excessive 
input of nutrients to the marine environment. A part of 
the nutrient input originates from shipping. From 2000 
to 2014, the number of cruise passengers in the Baltic 
Sea has increased by almost 250%, as well as cruise ship 
calls by 53% (Cruise Baltic Statistics 2014). As a 
consequence, the Baltic Sea has been designated as first 
MARPOL Annex IV Special Area at the initiative of 
HELCOM. Passenger ships intending to discharge 
sewage within the Special Area have to comply with 
more stringent regulations on nitrogen and phosphorous 
removal. The requirements can be met by either 
installing advanced wastewater treatment systems or 
discharging the sewage to port reception facilities 
(PRF). This creates challenges for the Baltic ports, 
shipping companies and municipal wastewater treatment 
plants. Therefore the Federal Maritime and 
Hydrographic Agency of Germany (BSH) 
commissioned a project on the development of a “Best 
Practice Guidance for the Handling of Wastewater in 
Ports”, which will provide information and concrete 
guidance for involved parties and HELCOM member 
states. 

Methods 
As a first step, the development of the “Best 

Practice Guidance” requires a comprehensive collection 
of data. This includes the review of existing reports and 
literature, as well as the generation of new data from 
surveys conducted within the project. Then, the review 
and evaluation of the whole data set will allow for a 
comprehensive understanding of the current state of 
PRFs within the HELCOM area and the needs of the 
shipping industry and related challenges. Based on this 
input, practical solutions and approaches will be 
developed and outlined in the guidance document. The 
different stakeholder groups, such as ports, shipping 
companies and municipal waste water treatment plants, 
and the HELCOM member states are actively involved 
in the process. For example, the project outline and a 
progress report will be presented at the HELCOM 
Cooperation Platform on Port Reception Facilities in 
September 2017 and the HELCOM Maritime meeting in 
October 2017 for comments and further suggestions.  

The goal of the project is to provide concrete and 
practical guidance to improve the handling of 

wastewater in ports in order to face the rising 
challenges.  

Conclusions 
 Key of the present study is the specific 
information exchange of all involved parties (ports, 
shipping companies and municipal wastewater treatment 
plants), as so far many relevant studies consider only 
one part of the wastewater reception and treatment 
process.  
For example, the growing number of cruise ships lead to 
higher infrastructural demands in ports, i.e. the industry 
requests adequate port reception facilities which are able 
to receive the wastewater without prolonging the stay of 
the vessels in the port (HINTZSCHE, 2016).  
In order to prevent hydraulic overload, however, the 
ports are not allowed to discharge an undetermined 
amount of sewage in the sewer network. Therefore, 
municipal authorities must be included in the 
development process (GÜLDENZOPH, 2016).  
Finally, surveys of all significant parameters and the 
report Baltic Sea Sewage Port Reception Facilities 
(HELCOM Overview 2014) show that there are 
challenges regarding the first time reception of 
wastewater in ports. The wastewater composition on 
board of a cruise ship differs strongly and cannot be 
considered as a constant parameter (DORGELOH, 
2016). The strong differences result from separate grey 
and black water collection and treatment methods on 
board.  
Dependent on possible different wastewater composition 
the “Best Practice Guidance” will identify specific 
instructions on how to deal with potential problems 
concerning the reception, handling and treatment. In 
addition, it will also highlight technical solutions 
regarding pre-treatment at ports. 
The final document will be presented at HELCOM 
Maritime in autumn 2018.  
 
HELCOM 2014: HELCOM Overview 2014, Baltic Marine 
Environment Protection Commission Baltic Sea Sewage Port 
Reception Facilities  
HINTZSCHE 2016: Workshop on port reception facilities, W. 
Hintzsche, German Shipowners‘ Association, PRF acc. 
MARPOL IV Special Area – Ferry Operators‘s perspective 
GÜLDENZOPH 2016: Workshop on port reception facilities, 
W. Güldenzoph, The greatest challenges of PRFs - a 
wastewater system operator’s perspective 
DORGELOH 2016: Workshop on port reception facilities, E. 
Dorgeloh, Challenge of sewage treatment ashore 
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Introduction 
 
 Clean air is a fundamental basis for human 
health. A wide range of epidemiological studies 
could prove the direct linkage between air pollution 
and a variety of adverse health effects (US EPA, 
2009; WHO, 2013). Although a lot has been 
achieved in the past to improve air quality and thus 
human health in Europe, in many countries the air 
pollution exceeds present AQ standards, especially 
for NO2 and particulate matter (WHO, 2016). There 
has been a steady decrease of land-based emissions 
of NOx, SO2 and particulate matter in Europe, but 
meanwhile shipping emissions have increased 
(Jonson et al., 2015). Thus, as a rational fundament 
for policy-settings, quantitative estimates of impacts 
of shipping emissions have to be included in the 
decision-making process. Air pollution health risk 
assessments (AP-HRA) form a helpful basis on a 
local, national and global level (WHO, 2016). 
 

Methods and Results 
 
 In order to estimate the health impact of 
shipping emissions, the aim of this work is to carry 
out an AP-HRA within the area of the Baltic Sea. 
Based on regional chemistry transport model 
simulations, changes in exposures of population in 
the Baltic Sea Region to NO2, particulate matter 
(PM2.5 and PM10) and ozone (SOMO10 and 
SOMO35) caused by the shipping emissions are 
calculated. For that, the population density based on 
Geostat 2011 grid dataset was multiplied by the 
pollutant concentrations associated to shipping 
(model simulation with all emissions – simulation 
without shipping emissions) on a 4x4 km resolution. 
The concentrations were calculated for the year 2012 
at Helmholtz-Zentrum Geesthacht using the 
chemistry transport model CMAQ (Community 
Multi-scale Air Quality). Chronic and acute 
mortalities and morbidities associated to the changes 
in exposures are calculated with help of the ALPHA2 
(Atmospheric Long-range Pollution Health/ 
environment Assessment) model (Holland et al., 
2013). The costs associated with the health impacts 
are estimated as well with help of the model. 
Sensitivity analysis of health impact assessment is 
performed.   
 
 

 
Figure 1. Exposure estimation of fine particulate 
matter in the Baltic Sea. 
 

Outlook 
 
 The study gives a new estimate of health 
impacts and associated costs related to emissions 
from shipping (and the health benefits in abatement 
scenarios), based on detailed bottom-up emission 
inventory and fine scale (4x4 km) air pollution 
modelling which contributes to assessment of 
policies for reduction of shipping emissions. The 
sensitivity analysis points at the major uncertainties 
associated with the AP-HRA and the related cost 
estimates.  
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Introduction 
Shipping considerably contributes to the 

anthropogenic climate change through emission of 

pollutants such as Sulfur Oxides (SOx), Nitrogen 

Oxides (NOx) and Particulate Matter (PM). European 

(2012/33/EU and 2014/94/EU) and international 

directives (MAPROL Annex VI) adopted new legally 

binding energy efficiency regulations. These are 

defined by the Energy Efficiency Design Index 

(EEDI) for new-built ships and the Ship Energy 

Efficiency Management Plan (SEEMP) for existing 

vessels (IMO, 2014). Various technologies exist to 

reduce the EEDI such as optimized hull dimension, 

propeller improvements, solar & wind power, 

liquefied natural gas (LNG), hull coatings, and more 

(IMO, 2011). Biomimetic surfaces inspired by nature 

can reduce friction resistance of objects moving 

through water by e.g. 7% in case of shark skin 

mimicking riblets (Oeffner&Lauder, 2012). Applying 

such surface to hull coatings could lead to reduced 

ship fuel consumption and hence emissions of ships.  

Methods 
Ship resistance, resulting engine power (kW) 

and ship emission flux (g/sec) was calculated for 

example ships in (Table 1) with the ship emission 

model STEAM2 as in (Jalkanen et al., 2012) by 

reducing the value for frictional resistance by 7%.  

Table 1. Properties of ships in the study. 

Figure 1 shows the resulting engine load reduction. 

Emissions flux data were applied to AIS data (one- 

minute interval) from 1
st
 June 2016 to 1

st
 June 2017 

for ship S2 and S3. From each AIS data point the 

Figure 1: Engine load reduction if hull is coated with 

riblets for ship S1 (green), S2 (red) and S3 (blue). 

speed over ground (SOG) was extracted and 

according emission flux data was processed to 

calculate annual ship CO2 emissions. 

Conclusions 
Friction resistance calculation showed an 

engine power reduction of 2.2% to 4.4% for the ideal 

case not considering squat, fouling, waves, wind or 

ice. If these are included the effect may have an even 

stronger dependence on the ships’ speed that also has 

a high variation over time (see Figure 2). 

Figure 2: AIS data of ship S2 coloured by speed as 

used in study. Later data may mask earlier data. 

This study revealed that annual ship CO2 emissions 

of 15 441 t and 13 882 t CO2 for S2 and S3 would be 

reduced by 4.1% and 2.9% which indicates the 

advantage of such surfaces in slow steaming ships. 

Equipping ships with biomimetic coatings, e.g. by 

imprinted self-adhesive fouling-release silicone film 

with riblets (HSVA, 2016), seem to be a promising 

approach for novel EEDI reduction technologies. 

Other biomimetic principles such as the Salvinia 

effect (Barthlott et al., 2010) that is meant to reduce 

ship drag (Gandyra et al., 2015) by up to 20% would 

have an even higher positive impact on energy use 

and emissions of ships but requires further research. 
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Introduction 

 Pollution is an undesirable outcome of human 
activities. The extensive level of pollution damages 
social welfare by negatively impacting human health, 
production productivity, biodiversity and natural 
resources stocks. The extensive level of pollution is 
due to the market and regulatory failures and 
economists use a specific concept called 
externalities. Negative environmental externalities 
occur when the polluter does not fully bear the costs 
of the damage for which they are responsible (De 
Bruyn, 2010). However, one challenge that policy 
makers face in negotiating with polluters is the lack 
of economic values of the damage (i.e. costs of 
degradation). In this study we aim to calculate 
economic losses caused by pollution from shipping 
activities in Baltic Sea, which is referred to as 
damage or abatement costs. 

Methods 
 The abatement costs are calculated by the 
estimated amount of air and water pollution released 
per year by ship types and shadow price of pollution 
elements. Shadow prices are is the marginal cost that 
society spends to obtain one unit improvement of 
environmental quality (e.g., one ton CO2 reduction). 
 

Conclusion 
Our results show that the annual abatement 

costs of air pollution caused by shipping in Baltic Sea 
are €4.24 billion in 2014, and projected values for 
2030 and 2040 are €2.19 billion and €1.40 billion. 
The annual abatement costs of water pollutions are 
€878 billion for 2014, €1.01 billion in 2030 and 
€1.095 billion in 2040. Figure 1 presents the 
abatement costs of pollution made by shipping 
activities in Baltic Sea.  
 

 
Figure 1. Abatement cost (AC) of air and water 
pollution by shipping in Baltic Sea (2014 value) 

 
The total abatement cost will reduce by 38% 

in 2030 and 50% in 2040 due to the technology 
improvement and environmental policies. The cost 
reduction is completely due to the improvement in air 
pollution. The cost of water pollution is increasing 
slightly in 2030 and 2040 (Figure 1). 

We also calculate the cost of pollution made 
by 13 ship types. RoPax ship, container ship, 
chemical tanker, general cargo ship and bulk cargo 
ship are the main contributors of pollution in term of 
environmental cost. For instance, in 2014 cost share 
for RoPax ship is 23.6%, container ship 15%, 
chemical tanker 13.1% and general cargo 12% and 
bulk cargo 10%. We also calculate the costs of 
specific water contaminants and air pollutants and 
take into account the uncertainties of the input 
variables.  

 
Acknowledge   
 The research is funded by The BONUS - 
Baltic Organisations’ Network for Funding Science 
EEIG (SHEBA project). Grateful thanks to Erik 
Fridell, Volker Matthias, Jukka-Pekka Jalkanen, 
Martin Eriksson, Erik Yttreberg, and Benjamin 
Boteler for sharing data and discussions. 

 
 
De Bruyn, S., Korteland, M., Markowska, A., 

Davidson, M., de Jong, F., Bles, M., & Sevenster, 
M. (2010). Shadow Prices Handbook, Valuation 
and Weighting of Emissions and Environmental 
Impacts. CE, Delft. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AIE-P-06 

A new perspective at the ship-air-sea-interface: the environmental impacts of exhaust 
gas scrubber discharge 

 
S. Endres1, F.E. Hopkins2, K. Houghton3, M. Martensson4, J. Oeffner5, B. Quack6, P. Singh7, F. Maes8 

 
1Biological Oceanography, GEOMAR Helmholtz Centre for Ocean Research, 24105, Kiel, Germany 

2 Plymouth Marine Laboratory, Plymouth, PL1 3DH, United Kingdom 
3 Institute for Advanced Sustainability Studies, 14467, Potsdam, Germany 

4 Department of Earth Sciences, Uppsala University, 752 36, Uppsala, Sweden 
5 Fraunhofer Center for Maritime Logistics and Services CML, 21073, Hamburg, Germany 

6 Chemical Oceanography, GEOMAR Helmholtz Centre for Ocean Research, 24105, Kiel, Germany 
7 Center for Marine Environmental Sciences (MARUM), University of Bremen, 28359, Bremen, Germany 

8 Department of European, Public and International Law/Maritime Institute, Ghent University, Ghent, 9000, 
Belgium 

 
 

Keywords:   exhaust gas, scrubber, air-sea interface, biogeochemistry  
 
 

Introduction 
 As shipping traffic continues to increase, there 
is growing concern about the impacts this may have 
on the marine environment ranging from species-
level to ecosystem services.  
Commercial shipping uses low-cost heavy fuel 
emitting significant amounts of sulphur, nitrogen, 
metals, organic compounds and aerosols to the 
atmosphere during combustion (Eyring et al. 2005). 
As most of these compounds have a limited residence 
time in the atmosphere they are deposited relatively 
close to the source and dissolve in the surface ocean. 
Several abatement techniques exist for achieving the 
required emission limits included in MARPOL 
Annex VI and EU Sulphur Directive EU 2012/35 
such as novel engine technologies, exhaust gas 
recirculation or fuel emulsifiers etc. Open-loop 
exhaust gas cleaning systems (‘scrubbers’) belong to 
the commonly used and cheaper technologies (as 
alternative to expensive low-sulphur fuel for shipping 
companies) but are ecologically questionable. 
 

Methods 
 In October 2016, ten researchers in the fields 
of natural and social science met for a Surface Ocean 
Lower Atmosphere Study (SOLAS) sponsored 
workshop to discuss the impact of ship emissions on 
biogeochemical processes at the air-sea interface and 
its socio-economic relevance. A further aim was to 
identify future research priorities using scrubber 
systems as a model for ship emissions to ocean and 
atmosphere. The results of the workshop will be 
published in a joint review.  
 

Results and Conclusions 
  
The expert group started with an assessment of 
known effects of sulphur emissions on marine 
biogeochemistry and identified scientific knowledge 
gaps. The increased costs associated with high-

quality, low-sulphur content fuel is shaping scrubber 
technology to be an attractive and viable alternative 
for shipping companies. However, little is known 
about the chemical composition of the scrubber 
effluent and its consequences for marine 
microorganism and biogeochemical processes. 
Precisely forecasting scrubber emissions based on 
ship traffic data and data from shipping companies as 
well as the effect of scrubbers on ship emissions is a 
very complex matter and requires further modelling 
efforts combining economic and natural science.  
Besides scrubbers, there are several alternative 
technologies for complying with requirements for 
fuel sulphur content such as fuel conversion or fuel 
switching (Johansson et al. 2013) which should be 
considered in further research efforts. 
Finally, legal regulations of air pollution from ships 
and wash water discharge from scrubbers need to be 
considered as well. Reference will be made to efforts 
by the global community and the International 
Maritime Organization (IMO) to this end.  
The usage of new technologies in the shipping 
industry, such as scrubbers, may benefit the 
environment by significantly reducing ship emissions 
to the atmosphere and surface ocean. However, the 
use of scrubbers may lead to other, yet unascertained 
and unquantified, impacts on the marine 
environment. During the workshop, several 
interdisciplinary research priorities were identified 
which help to improve our understanding of these 
potential impacts and the development of a 
sustainable industry.  
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Introduction 
 

Shipping industry relies on dirty residual oil with 
high concentrations of impurities as fuel. This leads 
to the emission of millions of tons of particles to the 
atmosphere every year. Such particles pollute the air 
we breathe and affect the global climate. On the other 
hand, iron and other nutrients (e.g., N, P) from the 
ship emitted particles may provide nutrients for 
marine microorganisms, and thus stimulates primary 
production and carbon uptake by the oceans (Ito, 
2013). New Scientist speculated that sooty ships may 
be geoengineering the climate by accident 
(https://www.newscientist.com/article/mg21729035-
100-sooty-ships-may-be-geoengineering-by-
accident/). However, we know little about the 
speciaton and solubility of the nutrients (i.e., Fe) in 
particles from ship emissions and whether potentially 
toxic chemicals (e.g., copper) may inhibit 
phytoplankton growth. It is not known whether and 
to what extent such particles could actually help to 
stimulate primary productivity. Here, we collected 
particles from ship stacks and studied the speciation 
of Fe in the particles. We also carried out microcosm 
experiments on research cruises to investigate the 
impact of the ship emitted particles on phytoplankton 
growth. 
 
Methods 
 
Ship emitted particles were collected from the stacks 
using an automatic dilution sampling system. Half of 
the samples was extracted with high purity water. 
ICP-MS was used to determine the concentration of 
soluble trace metals; Ion Chromatography was used 
to determine the major ions and organic/elemental 
carbon in the collected samples. X-ray Absorption 
Near Edge Spectrometer (XANES) was also used to 
determine the speciation of Fe in ship emitted 
particles.  

Particulate matter samples from ship emissions 
were incubated in sea water during research cruises 
in the north-western Pacific Ocean and South China 
sea. Chlorophyll a (Chl a) concentration in the 20µm 
(microphytoplankton), 2 µm (nanophytoplankton), 
and 0.2 μm (picophytoplankton) in the incubations 

were determined using a standard fluorescence 
method.  
 

Results 
 
Fe speciation:  XRF mapping showed that some 
hotspots contained both Fe, Mn and Cr, suggesting 
that Fe is likely to be from engine wear. Fe is not 
detected in the background (mainly soot particles) 
other than hotspots, indicating that the concentration 
of Fe in the soot particles is very low. XANES 
spectra of ship emitted particles looked similar to 
those of the Fe(III) sulfate standards. This implies 
that Fe(III) sulfate is a major component of Fe in the 
particles. Using a linear fitting techniques for the 
XANES spectra, we estimated that about 15-45% of 
the Fe is present as Fe(III) sulfate, which is soluble. 
This is in the same order of magnitude but lower that 
reported in Schroth et al. (2009). 
 
Response of phytoplankton: Nutrient addition 
cultures (N, P, N&P, and Fe) demonstrated that 
South China sea stations were NP co-limited, the two 
stations in lower latitude North-western Pacific 
Ocean are N limited, and the two at mid-latitude 
North-western Pacific Ocean are Fe limited or P and 
Fe co-limited.  There is evidence that ship emitted 
particles provided N and P, and in some cases Fe, 
that contributed to the increase in phytoplankton 
growth in incubations, comparing to the controls. 
Further incubation experiments in sub-arctic Pacific 
Ocean, which is likely to be Fe limited (Moore et al., 
2013), is needed to understand the role of Fe in 
supplying nutrients from ship emitted particles to the 
surface ocean. 
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Introduction 
 The Baltic Sea is one of the most shipping-
intense areas in the world, with an average of 2000 
ships at sea every day. Ships emits many pollutants 
to the marine environment via bilge, grey, black, 
scrubber and ballast water, as well as from 
antifouling paint and stern tube oil. In the SHEBA 
project, the amounts, distribution and effects from 
nutrients, chemical contaminants, acidifying 
substances, nano- and micro-particles and invasive 
species from shipping in the Baltic Sea have been 
studied. Based on shipping traffic (AIS) data, 
published data on discharge volumes, and pollutant 
concentrations in shipping discharges, spatially-
resolved shipping-induced pollution have been 
estimated. This pollution has been further modelled 
to describe its distribution in the Baltic Sea. To 
complement our modelling approach, a field 
sampling campaign in Baltic Sea shipping lanes has 
been performed.  
   
Methods 
 Available data on discharge volumes and 
concentrations of pollutants in bilge, grey, black, 
scrubber, ballast water and food waste were 
compiled. In addition, data on amounts of invasive 
species in ballast water and leakage rates of 
antifouling compounds were included. The volumes 
and leakage rates were coupled to AIS data for the 
year 2012 in the STEAM model, and shipping 
discharge volumes and antifouling amounts were 
generated. The amounts of the pollutants were 
calculated from the discharge volumes and the 
concentrations of the pollutants, and coupled to the 
GETM-ERGOM model to model the concentrations, 
dispersal and fate of the pollutants and invasive 
species in the Baltic Sea. The field sampling 
campaign was performed from a 67 foot sailing 
vessel in summer of 2016. Contaminants in ship 
exhaust plumes were measured, as well as 
oceanographic parameters and water pollutants in 
shipping lane transects. 
 

 

Conclusions 
 We will present data on ship emissions of 
contaminants, nutrients, acidifying substances, 
invasive species and data from the field sampling 
campaign. For example, as many as 147 chemicals 
can be emitted from ships. However, this is likely an 
underestimation, since substantial data gaps in 
chemical analysis of shipping discharges exists. To 
give an example of the emitted amounts of 
contaminants, the input of copper from antifouling to 
the Baltic Sea during 2014 was 276 tons. This 
estimation seems reasonable since the copper input 
from only Swedish shipping for 2008 was 83.2 tons 
(SMED, 2010). Our results also show that antifouling 
emits 99% of the total copper emissions from 
shipping. The approach of using AIS data, the 
STEAM and the GETM-ERGOM model gives 
spatially resolved contaminant concentrations. For 
example, Fig. 1 shows that some areas of the Baltic 
Sea receives much more copper from shipping than 
other areas.  

  
Figure 1. Copper concentrations in Baltic Sea surface 

water from combined shipping discharges. 
 
The authors acknowledge BONUS (European 
Commission and member states) for financial 
support. 
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Introduction 
 An environmental risk assessment was made 
of bilge water emissions from ships in the Baltic Sea. 
The fate and effects of the continuous discharge of 
small quantities of oil and pollutants have been 
estimated, with focus on two areas with dense ship 
traffic, the Hanö Bight north of Bornholm and the 
western part of the Gulf of Finland. 
Bilge water originates from different sources on 
board a ship; machinery space, deck cleaning, and 
leaking pipes are three examples. According to 
Annex 1 of the Convention MARPOL 73/78, which 
treats oily discharges from ships, oil content in 
discharged bilge water may not exceed 15 mg·L-1. 
Consequently, there are large variations in its 
composition. Further, the environmental 
consequences of these discharges are difficult to 
predict and poorly investigated. The ‘Zero Emissions 
of oily water in the Baltic Sea’ (BONUS ZEB) 
project was designed with the purpose to quantify the 
emissions and estimate their environmental effects. 
 

Methods 
 Samples of treated bilge water from seven 
passenger ships were collected and analyzed.  Each 
ship was sampled between one and three times. Total 
volumes of discharged bilge water were calculated 
from estimates on bilge water production rates and 
information on the geographic distribution of ships. 
Discharge volumes were modelled by the Finnish 
Meteorological Institute’s model STEAM. 
Environmental concentrations of bilge water 
pollutants in the Hanö Bight and Gulf of Finland 
were calculated from discharge volumes, estimates of 
dilution in the water column and modelling of input 
vs degradation rates of oil. Concentrations on bilge 
water metals were calculated both as water 
concentrations and as the annual contribution of 
metals to sediments. 
 

Conclusions 
 Results indicate an annual discharged bilge 
water volume from all ships in the Baltic Sea of 
approximately 170 000 tonnes, with data on traffic 

from 2012. The samples of treated bilge water had an 
average oil content of 12 ppm, resulting in emissions 
of oil to the sea of around 2 tonnes the year of study. 
A lot of uncertainties remain in these calculations 
and it might be reasonable to say that if all ships in 
the Baltic Sea fulfil regulatory requirements the 
discharges of oil will be less than 10 tonnes per year. 
 Peak annual concentrations of bilge water oil 
were predicted to occur at the end of the spring, 
which coincides with a period of extensive biological 
activities like feeding, growth and reproduction. With 
the shipping intensity found in 2012 and with 
discharge kept within the legal limits, the predicted 
concentrations of bilge water derived oil and metals 
in the Baltic Sea area were found to be low compared 
to concentrations with documented toxic effect to 
marine biota. However, available toxicity data are 
generally based on short term exposure and there is 
to date very limited information on effects caused by 
small but chronically elevated pollutants 
concentrations from bilge water discharge and other 
activities related to shipping. The Baltic Sea is one of 
the world’s most disturbed sea areas and therefore an 
area particularly sensitive to all additional 
anthropogenic stressors. To get a true picture of the 
impact of shipping on the Baltic ecosystems the sum 
of effects from all sources should be considered.  
 
The research was conducted within the “BONUS 
ZEB” project. “BONUS ZEB” project has received 
funding from BONUS (Art 185), funded jointly by 
the EU, the Lithuanian Agency for Science, 
Innovation and Technology MITA, and the Swedish 
Innovation Agency Vinnova.  
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Introduction 
In the course of a new international law rati-

fied by the International Maritime Organization 

(IMO), entering into force in September 2017, ships 

have to treat their ballast water (BW) in order to pre-

vent invasion of harmful aquatic species and organ-

isms (IMO, 2004). About 50% of the BW treatment is 

done with chemical disinfection which produces a 

variety of halogenated compounds as disinfection by-

products (Werschkun et al., 2012). Figure 1 shows 

bromoform (CHBr3) concentrations from chemically 

treated BW with values over 2000 nmol/L. This anth-

ropogenic source of halocarbons is locally several 

times stronger than the natural production in seawater 

where coastal concentrations lie around 40 pmol/L 

(Ziska et al., 2013). Halocarbons have a short lifetime 

in the atmosphere of weeks to months but never-

theless, can take part in ozone depletion and impact 

the radiative balance of the atmosphere (Tegtmeier et 

al., 2012). 

Figure 1. CHBr3 concentration from BW after chemi-

cal disinfection. Measurements (blue) are compared to 

MEPC (Marine Environmental Protection Comm-

ittee) reports of different BW treatment systems (red 

for seawater, yellow for brackish water samples). 

Methods 
In order to assess potential environmental 

threats from these anthropogenic halocarbons, we 

simulate the oceanic concentration pathways of 

treated BW discharged at major ports in Southeast 

Asia. This area is of particular interest because of the 

high density of large harbours and the high reaching 

convective activity which allows halocarbons to reach 

the upper atmosphere on short time scales. The 

analysis is carried out with Lagrangian trajectories 

using the Ariane software based on high-resolution 

velocity fields from NEMO-ORCA12 and ROMS 

model output. 

Conclusions 
The simulations reveal major pathways of the 

anthropogenic halocarbons (Fig. 2) and quantify how 

much these by-products enhance oceanic background 

levels considering dilution, degradation and outgas-

sing rates. Model results are compared to in-situ 

measurements of halocarbon concentrations in a major 

harbour. Our analysis will provide important 

information about the impact of chemically treated 

BW on the surface ocean and atmosphere. 

Figure 2. Surface concentration of CHBr3 from BW 

discharged at Singapore harbour based on NEMO-

ORCA12 model data. Output shows spread after two 

years runtime without sinks. 
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Introduction 
 Antifouling (AF) paints are biocidal products 
used to deter fouling on submerged structures such as 
boat hulls. Today, most AF paints contain copper (I) 
oxide as the main biocide (Yebra et al., 2004). Zinc 
oxide is also commonly added as a soluble pigment, 
although this compound is not listed as an active 
substance under the EU Biocidal Products Regulation 
(528/2012). In EU, US and elsewhere, antifouling 
paints are risk assessed based on laboratory (rotating 
cylinder method, ISO 15181) or calculated (mass-
balance method, ISO 10890:2010) biocidal release 
rates (IMO, 2009). However, these methods have 
been shown to overestimate the release and so 
correction factors may be applied to adjust the rates 
(Finnie, 2006). To examine how well these methods 
predict environmental release rates, in situ release 
rates of copper (Cu) and zinc (Zn) were derived for 
five antifouling paints for leisure boats currently 
marketed in Sweden. 

Methods 
 A new method utilizing a handheld X-Ray 
Fluorescence spectrometer (XRF) was employed to 
directly determine the release rates of Cu and Zn for 
the five AF paints. Plastic panels were coated with 
the paints and exposed at two recreational harbors in 
the Baltic Sea with different salinities: Stockholm 
(5‰) and Gothenburg (14‰). 4 replicate panels of 
each coating were retrieved at both locations after 7, 
14, 28, 56 and 84 days of immersion. The XRF, 
which has been purposely calibrated for the 
measurement of Cu and Zn in thin paint coatings 
(<40 µm), yields results in µg/cm2. One measurement 
point on each panel was measured by XRF before 
and after exposure. The difference in measured 
amounts of Cu and Zn represents the amount of 
metals lost and allows the calculation of the release 
rate for the different immersion times (in 
µg/cm2.day). 
 The derived release rates were compared to 
those submitted to the Swedish Chemicals Agency 
(KemI) by the paint manufacturers for the 
authorization application of the products. 

Conclusions 
 The results showed the in situ release rates to 
be several fold higher than the release rates generated 

using the standardized methods and used in the 
environmental risk assessment to obtain product 
approval in Sweden. The results also showed salinity 
to be an important parameter for the release of Cu, 
but less so for Zn. An increase in salinity was found 
to enhance the release of Cu. 
 This study highlights the importance of 
deriving environmentally relevant release rates under 
representative field conditions. 
 
This work resulted from the BONUS CHANGE 
project and was supported by BONUS (Art 185), 
funded jointly by the EU and the Swedish 
Environmental Protection Agency 
(Naturvårdsverket). 
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Introduction 
Biofouling has being considered a highly efficient 
vector in the transference of non-native species 
(NNS) around the world together with ballast water, 
being shipping the major pathway. Species can be 
transported in virtually all wet areas of ships (e.g. 
hulls, sea-chests, propellers) and one common and 
efficient way of preventing / minimizing the fouling 
is the use of anti-fouling systems. However, some 
ships’ areas, called niche areas, are difficult to 
access / to coat therefore representing higher risk 
areas for biofouling accumulation (Coutts & 
Taylor, 2004; Murray et al., 2011). The presence of 
organisms since its very early stages (e.g. biofilm) 
is associated to the increase of fuel consumption 
caused by the decrease of ship’s efficiency due to 
frictional drags and due to the frequency of 
application / removal of coatings and cleaning 
(Schultz et al., 2011; Dobretsov et al., 2013; 
Davidson et al., 2016). In this study we aim to test 
the hypothesis that a hyposaline environment can 
significantly reduce the coverage of seawater 
fouling species in vessels’ sea-chests. 

Methods 
The first step of the experiment was to build up a 
ship sea-chest with a view of testing the lowest 
salinity value able to be achieved inside the box 
shaped structure. Our sea-chest was built with a 
polypropylene container of ca. 30 L (external 
dimensions: 400 x 300 x 335mm), where 12 panels 
were fixed to simulate the gratings. A multi-probe 
was hooked inside the box to measure changes in 
the salinity. To create the hyposaline environment 
inside our immersed sea-chest, freshwater (FW) 
was flush through a hose connected to a FW source 
in the pontoon (Fig.1). The experiment was 
deployed in a marina in Plymouth, UK. 
 
 
 

 

 

Fig.1. Our experimental sea-chest.  
Results 

Fig. 2 shows the salinity profile inside the box since 
the FW input started. The initial salinity measured 
was ca 32 PSU; after 25 minutes the salinity 
decreased to 24 PSU, when Minto (2014) found 
intermediate effects on the survivability of fouling 

organisms; after one hour, the salinity had 
decreased to ca. 9. At 15:27 the salinity stabilized at 
7 PSU. The source of FW was suspended at 15:34 
and within one hour the salinity inside the box 
increased to ca. 16 PSU; at 18:54h it was already 
25. Five hours and 20 minutes later, the salinity was 
27.34 PSU, when we finish our record (Fig. 2). 
During the experiment, water temperature varied 
between 13 and 13.6ºC.  
Taking into account the results obtained from this 
first experiment stage, 15 pre-colonized panels 
(deployed in the same marina for ca. one year) were 
selected with a view of testing two different 
hyposaline treatments: with 7 PSU (the minimum 
value reached inside the simulated sea-chest) and 
with salinities of ca. 20 PSU; exposition periods of 
time were planned for 2 hours due to previous 
studies (Moreira et al., 2014; Jute & Dunphy, 
2016). 

 
Fig.2 .Salinity profile inside the sea-chest. 

Conclusion 
This is an ongoing research and considering the 
results from the second stage of the experiment, the 
intention is to suggest the use of fresh water as a 
biosecurity routine tool for minimizing the spread 
of NNS through ships’ sea-chest. 
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Introduction 
We hypothesize that in regions of intense 

shipping, perturbation of natural marine processes 
may occur on local or regional level. This may also 
affect the representativeness of ferrybox data from 
ships in regular traffic. In the Baltic Sea a handful 
ferryboxes are continuously delivering data e.g. for 
use in oceanographic models (e.g. Schneider et al. 
2014; Kikas & Lips 2016). In July 2016 ship lanes in 
the southern parts of the Baltic Sea were sampled from 
the S/Y Hrimfare. The use of a expedition sailing 
yacht equipped as research vessel, allowed for 
sampling with minimized bias from the sampling 
vessel itself. 

Methods 
Sampling were made both along ship lanes and 

as repeated transects across ship lanes (Fig 1). 
Continuous analyses of sulphur and nitrogen oxides, 
and particles in air were complemented by discrete 
particle sampling on air filters. The corresponding 
water sampling strategy included continuous surface 
water sensors for T, S, pH, pCO2, DO and HC-
fluorometer (Fig 2), and discrete surface water 
samples of alkalinity, nutrients, particles, metals and 
PAHs. YSI Cast away CTD profiles were also 
obtained at three transects. 

Fig 1. Overview of sampling area. Cruise track as 
black dotted line. Transects indicated by black arrows. 

Fig 2. Sensor array on S/Y Hrimfare 

Conclusions 
During an interdisciplinary sampling campaign 

along and across ship lanes in the Baltic Sea 2016, 
shipping related pollutants were mapped both in air 
and water compartment of ship lanes. Ship lanes were 
clearly distinguishable as deviations in T, S, DO and 
HC as well as combustion particles, in both air and 
water, and .antinfouling paint particles. 
Environmental impact from shipping is generally 
evaluated on too coarse spatiotemporal scales. Impact 
from shipping on finer scale may perturb meso-scale 
natural processes. Adequate evaluation of environ-
mental impact from shipping require new concepts 
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Introduction 
 Exhaust gas cleaning systems (EGCS) also 
called scrubber, on seagoing vessels are used to 
consume heavy fuel oil with a sulphur content above 
0,10 % S in compliance with MARPOL Annex VI 
regulation in emission control areas such as North 
and Baltic Sea. In accordance with MEPC.259(68) 
the discharge into sea of wash water and discharge 
water is allowed. The potential environmental impact 
of these water is still unclear. On behalf of the 
German Federal Ministry for the Environment, 
Nature Conservation, Building and Nuclear Safety 
(BMUB) the German Federal Maritime and 
Hydrographic Agency (BSH) conduct a sampling 
campaign on vessels equipped with open and closed 
loop EGCS in the North and Baltic Sea. Major aim of 
the study is to describe the potential environmental 
impact of wash water and discharge water from 
EGCS. 

Methods 
 Washwater samples of each vessel were 
collected during normal/average engine load of the 
vessel to get an representative overview about 
emissions into the sea. The samples include seawater 
inlet (natural background), washwater before and 
after any treatment and dilution (over board 
discharge).   
Samples were stored and shipped to the laboratory 
quality assured regarding the requirements of 
analysing parameters. All samples are analysed on 
the following parameters: pH, turbidity, salinity, 
alkalinity, PAHs, metals, TOC/DOC, nitrite/nitrate 
and other nutrients. Additional parameters are 
collected on board: chemical parameters from the on 
board monitoring, amount of wash water and engine 
load. 

Conclusions 
 First experiences and challenges during 
sampling and measuring on board and in the 
preparation of samples are presented.  
Final results of this study will be published in 
December 2018. 
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Building and Nuclear Safety (BMUB) for funding the 
project.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



MP-P-04 

Modeling spatial dispersion of contaminants from the shipping lanes in the Baltic Sea  
 

Ilja Maljutenko1, Urmas Raudsepp1, K. Martin Eriksson2, Daniel Yngsell2, Erik Ytreberg2, Lasse Johansson3 and 
Jukka-Pekka Jalkanen3 

 
1Marine Systems Institute, Tallinn University of Technology, Akadeemia Road 15a, 12618, Tallinn, Estonia 

2Department of Mechanics and Maritime Sciences, Chalmers University of Technology, Hörselgången 4, 41756, 
Gothenburg, Sweden 

3Atmospheric Composition Research, Finnish Meteorological Institute, 00560, Helsinki, Finland 
 

Keywords:   contaminants, modelling, shipping emissions, the Baltic Sea 
 
 

Introduction 

 Commercial shipping in the Baltic Sea is a 
source for over 600 contaminants that originate from 
different emissions of antifouling paint, scrubbers, 
bilge, grey, black and ballast water. Five 
contaminants, representing different discharges and 
different chemical classes, are used in the mapping, 
as examples of contaminant dispersals in the Baltic 
Sea. These contaminants are copper, zinc, 
dibromochloromethane, naphthalene and pyrene. 
Copper and zinc are emitted from antifouling paint, 
open and closed loop scrubbers, bilge water, grey and 
black water. Naphthalene is emitted in high 
concentrations from bilge water, but is also present in 
grey and black water. Pyrene is emitted in high 
concentrations from bilge water, but is also present in 
grey water and open loop scrubbers. 
Dibromochloromethane is emitted from ballast water 
in high concentrations. 

 

Methods 
 Using the 3D circulation model GETM the 
spread of five contaminants is simulated for the year 
2012. The hourly loads are derived from the 
discharges simulated using the STEAM emission 
model (Jalkanen et al., 2012). Prescribed fraction of 
loads is removed from the system as a proxy for 
absorption, decay and evaporation processes 
(Kremling et al., 1981, Pohl et al., 2006. Broman et 
al. 1991, Gearing et al., 1979). Sedimentation rates 
for the absorbed zinc and copper fractions are 
applied.   

Conclusions 
 The impact of contaminant loads can be 
assessed for the different sub-basins and protected 
areas of the Baltic Sea. The ratio between content of 
contaminants in water (CW) and surface  deposition 
(CD) for specific area reflects the importance of 
contaminant emissions from adjacent areas (Figure 
1.). From the HELCOM subregions of the Baltic Sea 

the Archipelago Sea receives highest impact from 
neighboring areas. Zinc and naphthalene transports 
from adjacent areas to the Archipellago Sea are 
approximately 3 times higher than the direct loads 
from the shipping emissions inside that area.  Both 
the Baltic Proper and the Gulf of Bothnia show 
increase in contaminant content compare to the load. 
The Belt Sea, Arkona Basin, Gdansk Basin and the 
Gulf of Finland show lower zinc and naphthalene 
content than the load into specific basins.  
 

 
Figure 1. Deposition and dissolved content ratio of 
zinc on the left panel and naphthalene on the right 
panel. Magneta overlay represent corresponding 
contaminant depositions above 80th percentile. 
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Introduction 
 Approximately 1/3 of the nutrient input into the 
North and Baltic Sea originates from atmospheric 
deposition.  Anthropogenic emissions of nitrous 
oxides and ammonia considerably contribute to this 
nutrient input pathway. Relevant land-based emission 
sources are road transport, agricultural activities and 
electric power generation. Major shipping routes lead 
through European waters. Particularly the southern 
North Sea is one of the most frequented marine water 
ways, yielding high emissions of nitrous oxides. 
 In order to evaluate European emission 
reduction policies with respect to their positive 
impact on marine water quality, atmospheric 
deposition data with high spatial and temporal 
resolution was used in this study as input data for a 
marine biogeochemical model. 
 

Methods 
 The atmospheric deposition of reduced and 
oxidized nitrogen compounds was modeled by the 
atmospheric chemistry transport model CMAQ 
(Byun & Schere, 2006). The used CMAQ setup 
yielded hourly deposition data with 16 x 16 km2 
spatial resolution. 
 These deposition data were supplied into the 
coupled ocean-ecosystem model HBM-ERGOM 
(Brüning et al., 2014; Wan et al., 2012). Simulations 
were performed on two two-way coupled grids of 5’ 
x 3’ (North and Baltic Sea) and of 50’’ x 30’’ 
resolution (German waters) for the year 2012. 
 The shipping-related nitrogen was tagged in the 
model simulations (Menesguen et al., 2006; Radtke 
et al., 2012). Thus, it was possible to trace the 
nutrient contribution of the shipping sector through 
different components of the ecosystem (DIN → 
phytoplankton → zooplankton → detritus → …). 
 

Results and Conclusions 
 The ecosystem model reproduced blooms of 
diatoms, flagellates and cyano bacteria in correct 
months and concentrations of biogeochemical tracers 
were in realistic magnitudes. 
 The shipping sector approximately contributed 
15% to the nitrogen deposition, whereas the 
shipping-related nitrogen in NO3

- and in marine 
biomass was below 5% - but varies spatially (Fig. 1). 
Because the atmospheric deposition provides only 
1/3 of the nitrogen input into the North and Baltic 
Sea, these numbers are realistic. 

 The contribution of shipping sector to marine 
biomass is low. Thus, short-term reduction of algae 
blooms by a nitrogen emission control area (NECA) 
or other measures is questionable. However, the used 
tagging approach might have another impact than 
deactivating shipping emissions. Additionally, a 
simulation over five and ten years might yield a 
higher impact by the shipping sector. 

 
Figure 1. Contribution of shipping-related nitrogen to 

marine biomass (surface layer, Apr. to Sept 2012). 
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Introduction 

 The anthropogenic nutrient loads to the Baltic 
Sea have been major cause to the eutrophication. Any 
additional nutrient depositions in the nitrogen limited 
offshore areas of the Baltic Sea influence the biomass 
during the spring and summer blooms. Furthermore, 
increased production of organic matter can also 
increase oxygen demand and expand the hypoxic 
areas below upper mixed layer. The NOx deposition 
to the sea from ship exhaust gases has been estimated 
about 12% of the annual atmospheric deposition in 
the Gulf of Finland (Raudsepp et al., 2013). The aim 
of this study is to evaluate an impact of ship borne 
nutrients to the overall nutrient-phytoplankton-
oxygen dynamics in the Baltic Sea. Besides of NOx 
deposition, direct nitrogen and phosphorus emission 
from the shipping activity is taken into account. 

Methods 
 We estimate the effects of additional shipping 
borne nutrients on the marine primary production 
using the coupled physical and biochemical model 
system GETM-ERGOM. Three dimensional 
simulation setup covers the Baltic Sea domain with 1 
nautical mile resolution. Combining the simulation 
results from AIS based emission modeling using 
STEAM (Jalkanen et al., 2012) and atmospheric 
deposition fields from CMAQ model (Byun & 
Schere, 2006) the loads of nitrate, ammonia, 
phosphate and organic matter are applied as mass 
fluxes to the surface layer of the sea. The year 2012 
is considered as reference year. Control model 
simulation is performed excluding above-mentioned 
external loads of nutrients from shipping activity. 
 

Conclusions 
 We estimate that direct nitrogen loads from 
annual shipping activity to the Baltic Sea is 21 kt 
while phosphorus load is 41 t. Additional nitrogen 
increases spring bloom in the offshore nitrogen 

limiting areas concurrently reducing excess 
phosphorus content after spring bloom in the surface 
water. This results in reduced nitrogen fixation 
during the summer bloom. Using the nitrogen budget 
effects on changes in primary production can be 
quantitatively assessed (Figure 1.). 
Additionally resuspended dead organic matter from 
the coastal areas increase the sedimentation near the 
border areas of anoxic regions. Changes in spatial 
distribution of detritus and oxygen in sediments and 
bottom oxygen concentrations can be assessed based 
on model simulations. 

 
Figure 1. Nitrogen budget of the Baltic Sea from 

reference minus control model simulation.  
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Introduction 
 Emissions of acidifying gases such as sulphur 
oxides (SOX) and particulate matter (PM) from 
shipping are substantial on local, regional and global 
scale. To reduce the environmental impact of 
shipping, the International Maritime Organization 
(IMO) has adopted a convention allowing only 0.1 % 
sulpher content in fuel to be used in so called SECA 
areas.  Driven by economic incitements, an 
alternative to switch to expensive low-sulphur fuel is 
to install a Seawater scrubber (SWS) and continue to 
use the cheaper Heavy Fuel Oil (HFO). SWS is a 
type of exhaust gas cleaning system used to reduce 
the emissions of SOX and to some extend particulate 
matter to the atmosphere by washing the exhausts 
with seawater. In the simplest form (open-loop 
scrubbers), the acidic seawater is continuously 
discharged into the marine environment (typically 
13 000 m3/day for a medium sized, merchant vessel 
with a 12MW main engine. There are only a handful 
studies where this discharge water has been fully 
characterized. These studies indicate that the 
discharge water, besides of being acidic, contain a 
cocktail of nutrients and contaminants such as nitrate, 
PAHs and heavy metals. To get a better 
understanding on emission factors and sources of 
these pollutants as well as to risk assess open loop 
scrubbing one need to get more data. Therefore, we 
have developed a small-scale scrubber that we use to 
derive data on air emissions, water emissions, water 
consumption and how different fuels affect these 
emission factors. 

 
Figure 1. Principal sketch of function of the 

laboratory SWS.  
Methods 

 The marine engine lab at the Department of 
Mechanics and Maritime Sciences is equipped with a 
four cylinder 110 kW marine diesel engine with 
possibilities to run on a wide array of fuels with 
different viscosities and sulphur content. The engine 

is equipped with an in-house open-loop scrubber unit 
with the possibility to treat the full exhaust flow from 
the engine. The gas flow are sampled before and after 
the scrubber unit and analysed continuously with 
respect to SO2, NOX, CO, CO2, and O2 using a Fuji 
Electric, ZRE Gas Analyser. Ambient seawater is 
pumped to the scrubber unit through 7 
interchangeable nozzles to control water flow and 
droplet size 

 
Figure 2. Photo of the scrubber chamber.  

 
Conclusions 

 The scrubber have been used in several 
experimental campaigns, e.g. the toxicity of different 
concentrations of scrubber water have been tested on 
micro-planktonic communities and on single micro-
plankton species. The water consumption 
dependence on alkalinity have been tested using 
ambient costal sea water collected around the 
Swedish coast. Preliminary tests have also been 
performed in order to study the particle capture 
efficiency of the scrubber. In the future the intention 
is to use the scrubber to further study the effect of sea 
water scrubbing on the particle emissions both in 
concentrations, compositions and physical properties. 
 
 Fridell, E. and K. Salo, Measurements of 
abatement of particles and exhaust gases in a 
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Abstract 
 Up to 15% of the world’s cargo traffic is handled in the Baltic Sea, making it one of the busiest areas for 
ship traffic. In some of the major ship lanes, like in the Bornholm straight between the Danish Island of 
Bornholm and the Swedish main land, there is one large ship passing every 10 minutes, on average. These ships 
mix the water as they pass and expel engine cooling and scrubber water, as well as wastewater from the crew 
living onboard. In the SHEBA (Sustainable Shipping and Environment in the Baltic Sea region) project, 
environmental effects of shipping are in focus. Within the frames of this projects we have investigated the 
hydrographic/environmental effects of ship traffic in the upper layers of the Baltic sea. Different techniques have 
been combined from Air photography to Ferry box systems and mounting of surface skimming sensors on small 
vessels. We will present results from these investigations and discuss the impact that shipping could have in this 
region as well as potential artefacts arising from measuring with ferry boxes in ship lanes with heavy traffic. The 
latest development and use, new routes and technical improvements, of compact flow through systems on ships 
of opportunity will also be briefly described. 
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Introduction 
 The SECA regulations were tightened in 
January 2015, reducing maximum sulphur content 
of shipping fuel from 1% to 0.1% in northern 
Europe. The regulations allow the use of high-
sulphur fuels together with scrubbers, which led to 
a strong interest in scrubbers as an economically 
attractive alternative to low-sulphur fuel in the 
Baltic Sea. Since the simplest, open-loop, scrubbers 
discharge the acidic wash water overboard, the use 
of such systems risks transferring pollution from 
the atmosphere to the water column. We have 
therefore examined in a modelling study the 
consequences of scrubber use for the Baltic Sea. 

Methods 
 The spatial distribution of atmospheric 
deposition of SOX and NOX from the ships is 
estimated by the atmospheric chemical transport 
model EMEP (Simpson et al., 2012), within the 
RCP 4.5 scenario. Shipping traffic follows the 
TREMOVE projections of 2.5% and 3.9% per year 
for cargo and passenger traffic respectively. (De 
Ceuster et al., 2006). Biogeochemical modelling of 
the Baltic Sea was carried out for 13 basin areas 
using the PROBE-Baltic model. Five different 
scenarios were examined: all ships burning fuels 
with 1%, 0.5% and 0.1% sulphur respectively; 50% 
and 100% of ships using open-loop scrubbers with 
2.7% sulphur in fuel. All results are presented as 
differences against a control where there is no 
deposition of SOX, or NOX.  

Conclusions 
 Deposition of SOX and NOX to the Baltic 
Sea from terrestrial sources peaked in the 1980’s 
following the introduction of efficient emission 
regulations. Regulation of emissions from shipping 
has followed a much slower path, due in part to the 
challenges of global scale decision-making in the 
IMO. For example, the maximum sulphur content 
of shipping fuel in SECA areas is 100 times greater 
than that for fuels for terrestrial transport in the 
European Union. Shipping will become the major 

source of acid deposition to the Baltic Sea by mid-
century if all ships burn 0.1% fuel, but within the 
next 10 years if scrubber use is widespread. 
The figure shows the modelled changes in pH and 
alkalinity (AT) in the 13 Baltic Sea basins resulting 
from releases of SOX and NOX from shipping. 
 

 
The cumulative effects are relatively small, due in 
part to efficient export to the Baltic Sea: the results 
of the peak terrestrial emissions from the 1980’s 
were largely reduced after 15-20 years. 
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Introduction 

 The Baltic Sea is an enclosed sea area 
with high nutrient content and anthropogenic 
input of nitrogen (N) and phosphorous (P) 
reaching the water body annually. Algal blooms 
are common in the Baltic Sea and are in July-
August dominated by cyanobacteria. For the N2 
fixing cyanobacteria phosphorous is the most 
significant growth-limiting nutrient and 
phosphorus inputs into the upper-mixed layer in 
the open sea act to maintain cyanobacterial 
blooms (Moisander et al 2003). The people 
aboard cruise ships travelling in the area, 
produce and discharge waste (food waste, 
greywater and sewage) that contain nutrients. 
The theoretic concentrations of nutrients that 
can be pumped out from cruise ship waste 
holding tanks in the Baltic Proper during August 
(A) were estimated to be in total approx. 1,6 
tonnes N and 0,32 tonnes P. The largest single 
contribution of N, 0,9 tonnes comes from 
sewage and the largest contribution of P 0,15 
tonnes, from food waste. Calculations of 
maximum possible contribution of P from one 
cruise ship per area (B) was 11 ug/m2 or 
0,36umol/m2.  This is the first presentation of 
the direct addition of new phosphate reaching 
the sea from shipping waste. 

Methods 
 The nutrient addition from cruise shipping is 
calculated for an area in the shipping lane between 
island Gotland, Sweden and Latvian-Estonian coast, 
with frequent cruise ship passage during the summer 
season using following approaches:  

A) Accumulated nutrients in all waste streams (food 
waste, greywater and sewage) for all cruise ships in 
August 

B) Discharge from a single cruise ship within a trail 
of 1 nm  

 

 

 Figure 1. Discharge of nutrients in the area 
between Gotland (Sweden) and Latvian-Estonian 
coast  

Conclusions 
Even if shipping contribution of phosphorous is low 
compared to annual input from other sources the 
timing of the addition to the phosphorous depleted 
waters during summer months with high temperature 
and much light can trigger the algal blooms. The 
local contribution of cruise ships to the phosphorous 
in the surface waters within a limited geographic area 
can be of importance. The biovolume and growth as 
well as N2 fixation in two strains of the 
cyanobacteria Nodularia was seen to increase at 
small enrichment of inorganic P of 0,5 uM (Olofsson 
et al 2016). The phosphate concentration required for 
cyanobacterial growth and blooms, 0,3-0,7 umol/L 
(Wasmund et al 1997) is comparable to the possible 
contribution from one cruise ship of 0,36 umol /m2 
of P. This load is also comparable to load of 
atmospheric nitrogen in Baltic Proper of 0,44 
umol/m2. 

 

Table 1. Total discharge of nutrients N and P (from 
all cruise ships in August) 
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Introduction 
 Despite important technology improvements 
during the 21st century and the supporting laws and 
regulations for preventing oil spill events, incidents 
continue to occur. Oil spills can have disastrous 
impacts on society; economically, environmentally, 
and socially. As oil spill events occur stochastically 
and have a complex dynamic, it is difficult for 
decision makers to use conventional tools (e.g. 
deterministic modeling based on worst case 
scenarios) for protection of the marine environment 
against oil spill events. Factors making oil spill 
events complex to manage are, for example, limited 
amount of data on probability of occurrence, spill 
amount, oil type, and the fact that environmental 
conditions such as sea current and wind vary in time 
and space. However, it is important to be able to 
prioritize high risk sources and high risk zones. 
Hence, in this project, a novel model for oil spill risk 
management have been developed. 
 

Methods 
 The developed model takes into account many 
variables (e.g. spill size, time, spill frequency, wind 
and current data) and the uncertainty related to them; 
this is usually ignored in the conventional 
deterministic methods used to support decisions 
today. Hence, the computational demand is relatively 
high. Furthermore, it addresses other important 
aspects of oil spill risk assessment, including 
uncertainty and sensitivity analysis. As it is a model 
for probabilistic risk assessment based on long-term 
met-ocean data, the extensive time required for 
computation is not a limiting factor, unlike real-time 
risk assessment tools, which are expected to present 
the output very fast. The best available long-term 
data sets on sea current and wind is used to simulate 
the probable spill scenarios, using a Lagrangian 
method. Then results are processed to generate a 
quantitative risk value for different parts of the 
marine environment. Beside consideration of the 
complex processes of oil weathering and clean-up 
actions in the stochastic trajectory modeling, some 
new simple stochastic parameters and functions of 
these parameters have been defined to quantify the 

risk of oiling. This work complements our previous 
effort of estimating the probability and risk of oil 
spill events, the shipwreck risk assessment tool 
(VRAKA) (Landquist et al., 2016). 
 

Conclusions 
 A holistic model for marine oil spill risk 
assessment has been presented that will cover all 
aspects of oil spill risk management from spill 
scenario definition to risk map generation. We 
consider uncertainties in input data and the results. 
This makes it possible to perform uncertainty and 
sensitivity analysis which provides additional 
decision support. Since the output risk map is 
generated based on thousands of simulations using 
the long-term met-ocean data, it can be used for long-
term strategy and decision making purpose. The 
integration of probability of occurrence and 
consequences of oil spill events, to express the risk, 
is scientifically well-founded. Furthermore, the 
algorithm used for computer simulations is very fast 
and efficient. Therefore, the heavy work of 
simulating thousands of spills with all the required 
details can be carried out in a reasonable time.   The 
result of our model is directly useable by strategy 
makers. It can be used for management of oil spill 
risk in the marine environment all over the world. 
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Introduction  

Without effective fouling control coatings, the 
accumulation of marine growth on the hull will be 
slowing down the ship due to increased drag and hence 
increasing the fuel consumption and carbon footprints. 
The latter is an important endeavour to limit the global 
temperature rise according to international agreements 
(IMO,2009).Therefore there is a huge commitment on 
ship operations with particular interest in obtaining 
efficient hull coatings with optimal hydrodynamic 
performance not only as newly applied but also under “in-
service” or real-life conditions.  
 Within this context testing of new generation 
marine coatings necessitates the use of reliable 
experimental facilities to assess the hydrodynamic 
performance of marine coatings under the realistic testing 
environments. 

Methods 
Characterising the antifouling efficiency of hull coatings 
implies determining the frictional resistance or drag of 
coated surfaces. A rotating disk facility was specially 
designed and built with the main aim to assess the 
hydrodynamic performance of different disks in coated 
and light fouling conditions. The measurement of 
boundary layer profiles over disk surfaces will be 
performed by using non-intrusive, reliable Particle Image 
Velocimetry (PIV) with high microscopic resolution. A 
schematic of rotating rig is illustrated in Figure 1. 

 
Figure 1. Rotating disk rig with torque and micro Particle 

Image Velocimetry (PIV) measurement capability (B.N. 
Atencio, 2016) 

In the reviewed literature, respectable amount of data are 
collected on roughness and hydrodynamic drag 
characteristics of marine coatings in their clean and 
relatively smooth conditions (M. Candries, 2001, B. Unal, 
2012).  However, the drag performance data of newly 
applied and clean coatings are not sufficient to fully 
reflect and estimate the drag and consequent fuel 
efficiency of marine coatings over a typical period 

between dry-docking, which incorporate the increase in 
surface roughness and development of different fouling 
stages.  
 In order to address this knowledge gap, 
Yeginbayeva (2017) generated a systematic data on 
roughness and hydrodynamic drag for commercial marine 
coatings with "in-service" or real life surface conditions 
by using experimental methods.  
 As a natural expansion of the work done 
Yeginbayeva (2017), this study will continue building the 
database for real life coating surface  scenarios resulting 
from coating application, environmental conditions under 
which the application is performed and other contributing 
factors. In addition the research focus will also attempt to 
address the effects of light fouling grown under static and 
dynamic conditions on the surface and hydrodynamic 
drag characteristics of different marine or fouling-control 
coatings.  

Conclusions 
This study will overview the available facilities which are 
integral part of experimental research into coating’s 
roughness and hydrodynamic characteristics, as well as 
stating the research plan for 1st phase of newly initiated 
project.    
 Authors acknowledge the funding received from 
Chalmers Area of Advance Transport to support this 
work.  
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Introduction 
 Commercial shipping is the prime 
anthropogenic continuous noise contribution in the 
underwater environment. This paper emphasizes 
aspects of naval architectural features in relation to 
source levels, addresses the difficulty of underwater 
radiated noise measurements and discusses some 
examples of measurements of a merchant ship and 
vessels used in servicing offshore installations.  
 

Sources and their relative contribution 
 The primary noise sources in commercial 
ships is the cavitating propeller with different noise 
generating mechanisms in the low and high 
frequency range, 4-stroke diesel engines and 2-stroke 
main engines. The most significant parameter for the 
noise level is design speed and actual speed. 
Propulsion engines and auxiliary engines dominate in 
special ships like those especially designed for quiet 
operation and twin-screw ships with high cavitation 
inception speed. Propellers are designed for highest 
efficiency which is contrary to low noise emission. 
The highest potential of noise minimization in unison 
with high efficiency may lay with wake equalisation 
devices which need to be investigated. 

 
Underwater noise measurements 

 Measurements are standardized by the new 
ISO 17208. The precision measurement in this 
standard is judged unsuitable because of great 
expense and limited possibilities to re-calculate the 
monopole source level. However, the second part of 
the standard which describes measurements with a 
single hydrophone instead of 3 seems to be a viable 
alternative. 
There are only a few reliable measurements 
published (Arveson, et al., 2000) (Wittekind, et al., 
2016). Above this more technical data of the ships 
and their propulsion and energy conversion system 
needs to be related to the radiated noise level. 
 It is important to gather more data even in not 
favorable conditions such as high background noise 
level, shallow water and large distances and relate 
results to technical aspects of the ship. For certain 
research issues it is also important to systematically 
separate background noise from shipping noise to 
assess the fraction of time where one or the other 
prevails. Examples shown are the detailed analysis of 
a containership, measurements of crew transfer 

vessels in the North Sea and background noise 
investigations also in the North Sea. 
 Models for relating ship technical features and 
operational conditions to noise output for mapping 
purposes. Their refinement depends on reliable data 
gathered in the field (Wittekind, et al., 2016). 
 

Conclusion 
Noise levels of ships can be related to technical 
features. Improvements are possible by design to 
a limited extent. There is potential of noise 
reduction effects of wake equalisation devices 
which need to be investigated further. 
 The new ISO standard is not satisfactory 
as it asks for an expensive measurement setup 
and procedure. 
 Field data from various campaigns such 
as BONUS may help to better understand the 
ship in the environment. 
 
Arveson, P. T. und Vendittis, D. J. 2000. Radiated 
noise characteristics of a modern cargo ship. J. 
Acoust. Soc. Am. 107, 118-129, 2000. 
Wittekind, D. 2014. A Simple Model for the 
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Ship Production and Design . 30, 1-8, 2014. 
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Introduction 
 The European AQUO project started in 
October 2012, in the scope of the FP7 European 
Research Framework, for three years duration. The 
final goal is to provide policy makers with practical 
guidelines and solutions, in order to mitigate 
underwater noise footprint due to noise radiation 
from ships. Within this project, SSPA had the unique 
opportunity of performing full-scale underwater 
radiated noise (URN) measurements, pressure pulse 
measurements and cavitation observations on a 
relatively large commercial ship, the chemical tanker 
M/T Olympus. These measurements were aimed at 
characterizing the URN of M/T Olympus as well as 
evaluating the measurement standard proposed by the 
AQUO project. Such data is very valuable for the 
validation and development of prediction methods 
applied to large commercial ships.  

Methods 
 In this work, the characteristics of the 
underwater radiated noise generated by a coastal 
tanker under two typical loading conditions were 
studied with three different methods: on-site full 
scale measurement (Figure 1), model testing in a 
cavitation tunnel and a hybrid CFD (Computational 
Fluid Dynamics) method consisting of a multi-phase 
DDES (Delayed Detached Eddy Simulation) solution 
and FWH (Ffowcs-Williams and Hawkings) acoustic 
analogy. The correlation between the measured noise 
spectra and the observed cavitation behavior and 
pressure pulses are discussed. 

Conclusions 
 Although the full scale URN data might be 
affected by various environmental factors and the 
measured spectra may contain noise contribution 
from other possible sources, with appropriate post-
processing and source identification, the full scale 
data has been very useful reference for characterizing 
the noise signature and for benchmarking the model 
testing and computational methods.  
 Overall the model test predicted URN has a 
good correlation with the character of noise spectra 
in full scale. For DDES-FWH method, the results are 
more intricate. 
 For loading condition LC1, the predicted sheet 
cavity agrees well with the observed one in full scale 
and also in the model test. TVC (Tip vortex 
Cavitation) is captured in the simulation but its 

strength and extension are less than that observed in 
the sea trial. Due to the under-resolved TVC, the 
simulation under-predicts the noise level in the 
frequency range where the TVC is expected to have 
an important contribution. 
 For LC5, the pressure side LEVC (Leading 
Edge Vortex Cavitation) is captured by the 
simulation but its extent and volume are considerably 
under-predicted. The TVC is not resolved which 
results in a large under-prediction of the URN over 
the entire predicted frequency range.  
 

 
Figure 1. Narrowband spectrograms of recorded 

URN data from run 1. 
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Introduction 

 
The Baltic Sea is a semi-enclosed brackish-

water sea with unique hydroacoustic and ecological 
characteristics. The heavy marine traffic is thought to 
induce various threats to the fish fauna, but we know 
little about the impacts of e.g. anthropogenic noise on 
most of the species in the Baltic Sea. 

 
Methods 

 
In 2016, a series of experiments were 

conducted to evaluate the behavioral responses of the 
Baltic Sea fish on underwater noise. Fish species with 
different salinity tolerances, representing the variable 
fish fauna in the Baltic Sea, were exposed to different 
sound types and sound levels. 

The experiments were conducted in a large net 
cage anchored in the sea to allow fish to behave as 
naturally as possible.  The fish were exposed to 
recordings of underwater shipping and leisure boating 
noise via underwater loudspeakers. Additionally, 
artificial sounds (125, 500, 1000 and 8000 Hz) were 
played to enable analysing the sensitivity of the 
selected fish species to different types of sounds. The 
ambient and produced sound pressure levels during 
the experiments were monitored with hydrophones. 
We applied multibeam imaging DIDSON-sonar for 
the monitoring of the behaviour of fish during the 
experiments. The operating frequency of the sonar 
system was clearly above the hearing range of any 
fish species. 

 

Conclusions 
 

The multibeam imaging sonar was found very 
useful because it, unlike video, enables observing fish 
behaviour even in turbid water and in dim light 
conditions. However, while the video type images 
from the sonar enabled observing the behaviour of 
the fish schools, it was not always possible to track 
the movements of individual fish during the 
experiments. Therefore, we developed methods for 
automated pattern recognition which allowed 
monitoring of the dimensions and movements of the 
fish schools in the net cage. Statistical modeling 
revealed that the marine traffic noise as well as the 
artificial sounds, however depending on fish species 
and the frequency of the sound, induced significant 
behavioural changes in the studied fish species.  
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Introduction 
 The threat of underwater noise pollution was 
recognized by the International Maritime 
Organization (IMO) which adopted the voluntary 
guidelines for the reduction of underwater noise from 
commercial shipping to address adverse impacts on 
marine life in 2014. Underwater noise pollution is a 
transboundary pollutant caused by cavitation of ship 
propellers which disturbs the behavior of marine 
mammals. This article investigates international and 
United States national regulations and their demands 
regarding actions to reduce underwater noise 
pollution. Additionally, this article examines the 
ways in which political, economic, and civil society 
actors evaluate the voluntary guidelines. Finally, this 
research explores the expected outcomes of the 
voluntary guidelines as evaluated by economic actors 
and the motivations of economic actors to implement 
the guidelines.  

Methods 
 This thesis draws upon Vatn’s (2015) 
environmental governance system framework which 
aids in understanding the interactions between 
institutions, actors, and policies. Theories on resource 
regimes, voluntarism, precautionary principle, and 
policy entrepreneurship are further used to 
understand the empirical data on which this thesis is 
based. Qualitative data from documents, case studies, 
and interviews with political, economic, and civil 
society actors in the United States provides the 
empirical basis for evaluating the voluntary 
guidelines. 

Conclusions 
 The results from this article show that because 
of the transboundary nature of sound, international 
agreements provide a useful basis for addressing the 
effects of noise pollution. The United Nations 
Conference on the Law of the Sea (UNCLOS) and 
the International Convention for the Prevention of 
Pollution from Ships (MARPOL 73/78) define 
pollution as energy and substance respectively. 
Therefore, UNCLOS covers noise pollution 
implicitly. However, neither UNCLOS nor 
MARPOL 73/78 address noise pollution explicitly. 

Several US national regulations address 
marine pollution. The Marine Mammal Protection 
Act (MMPA) and the Endangered Species Act (ESA) 
regulate the impact that noise may have on marine 

mammals. The US delegation to the IMO published 
an information paper at the IMO on shipping and 
marine mammals which led to adoption of the 
voluntary guidelines. This article examines the 
process that led to the adoption from the perspective 
of political, economic, and civil society actors on a 
US national level. Furthermore, this article explores 
the format of the guidelines, discussing why the US 
delegation proposed voluntary guidelines rather than 
mandatory regulation. Proposing voluntary 
guidelines may have also been a way for the US 
delegation to build capacity regarding noise 
pollution. This capacity building may useful in the 
future, when further actions regarding noise pollution 
and its effects are demanded on an international and 
national level. 
 This article argues that the lack of a noise 
reduction target in the voluntary guidelines may 
explain the lack of interest from the shipping industry 
to implement the guidelines. The lack of scientific 
knowledge about the effects of noise pollution on 
marine wildlife may also explain the reservation of 
economic actors for implementing the guidelines. 
The economic actors did not seem motivated to 
implement the voluntary guidelines. This is based on 
the examination of altruistic motives, potential win-
win situations and possible outside pressures 
economic actors might experience. This article 
argues that the voluntary guidelines lack mechanisms 
of compliance which explains economic actors’ 
reluctance to adopt the guidelines. This article further 
reasons that for the voluntary guidelines to be 
adopted by economic actors, the regime must be 
strengthened.  
 
Special thanks to Prof. Arild Vatn, Noragric, NMBU, 
and Prof. Jeremy Firestone, University of Delaware, 
for their contribution and help in developing this 
research. 
 
Vatn, A. (2015). Environmental Governance: 

Institutions, Policies and Actions: Edward 
Elgar Publishing. 

 
  



NO-P-01 
 

Modeling of ships as a source of underwater noise 
 

Jukka-Pekka Jalkanen1, Lasse Johansson1, Matthias Liefvendahl2,3, Rickard Bensow2, Ilkka Karasalo3, Martin 
Östberg3, Peter Sigray3 and Jukka Pajala4 

 
1Atmospheric Composition Research, Finnish Meteorological Institute, Helsinki, 00560, Helsinki, Finland 

2 Underwater Technology, Defence and Security, Systems and Technology, Swedish Defense Research Agency, 
Stockholm, 16490, Sweden 

3Shipping and Marine Technology, Chalmers University of Technology, Gothenburg, 41296, Sweden 
4Marine Research Laboratory, Finnish Environment Institute, Helsinki, 00560, Finland 

 
Keywords:   ships, underwater noise, emissions, modeling 

 
 

Introduction 
 Shipping as a source of underwater noise is 
increasing. Underwater noise emission levels are 
seldom taken as a ship design parameter unless low 
vessel noise is specifically required, like in case of 
warships and research vessels. Noise emissions are 
not regulated yet, but the awareness of possible 
impacts of noise on marine life is increasing. In 
addition to physical injury, animals may avoid noisy 
areas and experience difficulties in breeding and 
communication. Unfortunately, current levels of 
underwater noise are not very well known. Targeted 
measurement campaigns of underwater noise have 
been conducted during the last few years in the Baltic 
Sea area within various research projects and the 
knowledge is gradually increasing. 
 

Methods 
 In order to determine the current state of 
underwater shipping noise over the past years in the 
Baltic Sea, a modelling approach was needed. This 
complements the experimental noise mapping, 
because modelling tools can be applied to estimate 
the current levels of noise generated by ships in areas 
where hydrophones do not exist. The Ship Traffic 
Emission Assessment Model (STEAM) has been 
updated with a module which describes the sound 
source levels of individual vessels. The proposed 
approach combines the noise source model of 
Wittekind (Wittekind, 2014) with vessel performance 
prediction of STEAM(Jalkanen et al., 2012). 
According to the Wittekind method, vessel noise can 
be divided into three parts which arise from 
machinery and cavitation. These three contributions 
are linked to vessel properties, like hull form, engine 
masses and propeller features. 
 

Conclusions 
 The goal is to combine these tools and 
describe underwater noise emissions in the Baltic Sea 
area in a way that provides a) a starting point for 
consecutive noise propagation modelling b) 
facilitates our understanding of ship contribution to 
underwater noise levels and c) paves way for future 
mitigation options. This paper describes the lessons 

learned during the construction of the noise emission 
module for STEAM. 
 

 
Figure 1. Underwater sound energy from ships (125 

Hz band) in the Baltic Sea, June 2014. 
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Introduction 
 We explore competition over the ocean as a 
sound transmission medium between marine 
mammals and oil exploration activities. Seismic 
surveying uses underwater sound transmission to 
increase information regarding the presence or 
absence of hydrocarbon resources and therefore 
lowers expected costs of subsequent exploratory 
drilling and reduces additional search costs. 
 This surveying, however, may interfere with 
marine mammals’ use of the medium and reduce 
fitness amongst these populations by shifting 
behavior away from optimal feeding, migration, and 
reproduction patterns.  
 Seasonally ice-covered Arctic waters 
temporally constrain both seismic surveying 
opportunities and the presence of some of these 
species, so that spatial planning over the transmission 
medium’s use is required to mitigate environmental 
damages. 

Methods 
 We develop a spatially explicit model 
calculating the value of information that would be 
obtained by carrying out a seismic survey in a 
specific location. We also model the effects of a 
survey in or more locations on the habitat quality and 
subsequent distribution of a species over space. We 
then link the two models, maximizing the obtained 
value of information from surveys under spatial 
constraints of minimum presence of the species in 
specific locations. 
 We demonstrate the model with a stylized 
example off the western coast of Greenland (Figure 
1), combining information on prior expectations of 
oil presence/absence and value of extraction, survey 
accuracy and costs with data on the suitability of the 
locations for bowhead whales (Balaena mysticetus) 
and the likely effect of seismic surveys on habitat 
quality. We calculate the effects for three scenarios 
with different constraints. 

 
Figure 1: Oil licenses in Baffin Bay, Greenland. 

Picture by Jared Allen. Source: 
https://arcticecon.wordpress.com/2012/01/28/cairn-

spreads-out-the-risk-farms-out-shares-to-statoil/ 
 

Table 1: Results from the three scenarios 

 
Conclusions 

 The results of our study (Table 1) show the 
possibility of spill-over effects of surveys in adjacent 
areas, and sometimes beyond. Moreover, the results 
show that if not just the number, but also the location 
of a species is a restriction this reduces some of the 
flexibility of the surveying activity and  increases the 
implicit value per whale (calculated as the value of 
information given up divided by the increase in the 
number of whales).  
 Given that these whales represent a significant 
cultural use value and tourism value for the local 
population, and they can only access the whales near 
the coast, the location of activities matters. 

 

Q A P N T Tot
. 

Implied 
value 
(000$/ 
whale) 

Scenario 
No restrictions 

Survey 
(Y/N)  N Y Y Y Y 4 0 

Population maintenance  
Survey 
(Y/N) N N N Y N 1 20 

Spatially differentiated population 
maintenance 

 

Survey 
(Y/N) N Y N N N 1 39 

https://arcticecon.wordpress.com/2012/01/28/cairn-spreads-out-the-risk-farms-out-shares-to-statoil/
https://arcticecon.wordpress.com/2012/01/28/cairn-spreads-out-the-risk-farms-out-shares-to-statoil/
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This contribution describes results from Task 4.6 'Noise propagation modelling for selected areas' of the SHEBA 
project. The aim of the task is to provide estimates of shipping-induced noise levels in two test areas in the Baltic 
by computational modelling based on the positions and strengths of the noise sources combined with sound 
propagation modelling using data on the geometry and acoustic parameters of the underwater medium. The areas 
are located south of Gotland and in the western part of the Gulf of Finland, respectively. 
 
A method based on the reciprocity principle is used for efficient computation of the noise field from a large 
number of ships with high time resolution. Results obtained in the two test areas for four one-month periods, 
February and August of 2014 and 2015 are presented.  
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In Hong Kong, after concerted efforts to tackle land-based emission sources including power plants and motor 
vehicles over the years, vessel emissions have now become the largest air pollution source, accounting for 44%, 
33% and 36% of the total sulphur dioxide, nitrogen oxides and respirable suspended particulates (PM10) 
respectively in 2014. 
 
With the support from the local shipping industry, the Government of Hong Kong has taken a series of initiatives 
to reduce emissions from the marine sector in recent years.  To reduce emissions from local vessels, a regulation 
in April 2014 reducing the sulphur content of locally supplied marine light diesel from 0.5% to 0.05% was 
introduced. 
 
Ocean going vessels are the major contributor of emissions in the marine sector.  Following a voluntary fuel 
switch programme initiated by the shipping trade in 2011, the Government has enacted a regulation in July 2015 
mandating ocean going vessels to switch to clean fuel while berthing.  Hong Kong is the first city in Asia 
mandating the fuel switch requirement for ocean going vessels.  Key findings in terms of atmospheric chemistry 
before and after the implementation of marine emissions control regulations will be highlighted.  At the regional 
level, we are also collaborating with Mainland China authorities on the setting up of a Domestic Emission 
Control Area in the Pearl River Delta waters under a national marine emission control action plan issued by the 
Ministry of Transport in December 2015.  
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Introduction 
 In this paper a number of policy instruments 
for controlling emissions of NOX in the Baltic Sea 
have been studied, see Table 1. The background is 
the decision to establish a NOX Emission Control 
Area (NECA) in the region requiring ships to follow 
Tier III NOX emission regulations from 2021. To 
achieve further and more rapid reductions of NOX 
emissions than what is expected from the NECA; 
additional policy instruments have been discussed. 
The policy instruments analysed in this study are 
assumed to be additional to the NECA requirements. 
Our study describes changes of emissions and costs 
for existing ships with Tier II engines when 
upgrading for lower NOX emissions. 
  

Table 1. Policy Instruments Evaluated. 

 
Methods 

 Of the many existing technological 
alternatives to accomplish NOX reduction, this study 
focuses on liquefied natural gas (LNG) engines and 
selective catalytic reduction (SCR) for after treatment 
of exhaust gas. Emissions of NOX in 2030 are 
modelled. The use of LNG and abatement equipment 
is modelled with the assumption that ship-owners 
choose the most advantageous option from a cost 
perspective.   
 Costs are gathered from real world data and 
all costs are annualized to make different cost 
comparable (Bosch, et al., 2009). The model 
evaluates the share of LNG, given cost of fuel, 
abatement technologies and extra cost associated 
with specific policy instrument (Åström, et al., 2017). 
Emissions calculated in this study are based on the 
fuel consumption and emissions factors for NOX. The 
emission factors are mainly based on the Tier 
regulations (Winnes, et al., 2016). The ships are 
categorized by ship type, engine size and engine 
speed, into what we call “ship segments” since these 
are associated with different costs and emission 
factors. Also, different ship segments are assumed to 

spend different amount of time in the Baltic Sea. The 
selection of policy instruments and also some 
information was gathered at stakeholder meetings, 
involving industry and academia. 

 
Conclusions 

 The most effective policy instrument found in 
this study is the refundable emission payment (REP) 
scheme. The reduction of emissions depends on the 
fee and subsidy rate applied, see Figure 1. For 
example, a subsidy rate of 60% and a fee of 1 €/kg 
NOX is modelled to reduce the yearly emissions of 
NOX from shipping in the Baltic Sea in 2030 by 
about 53 ktonnes. A pure tax, where the subsidy rate 
is zero, will also have a significant effect on the NOX 
emissions, but in this case the costs for ship-owners 
are significantly higher. 

 
Figure 1. Yearly abatement with SCR for Tier II 
ships in the 2030 NECA baseline scenario, for 

different subsidy rates and without budget constraint. 
 

 Applying a CO2 tax or environmentally 
differentiated port dues in the model are found to 
have less impact on the NOX emissions. Introducing 
slow steaming has a potential to reduce NOX 
emissions. In another scenario the effects on 
emissions from a financial investments support for 
abatement technology or LNG engines are modelled. 
At an interest rate of 0 % emissions are reduced 
significantly.  
 According to our model, an extended NECA, 
where also other sea areas than the Baltic and North 
Seas become NECAs, has no further impact on the 
NOX emissions in the Baltic Sea. However, since the 
abatement equipment is used for more hours in a 
global NECA it will reduce the abatement cost per kg 
NOX. 
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Introduction 
 The International Maritime Organization 
(IMO) and the European Parliament (EP) in 2005 and 
2012 established Sulphur Emission Control Areas 
(SECA) in Northern Europe where ships from 2015 
must use fuel with a low sulphur content not 
exceeding 0.1% and 0.35% in non-SECA.  
 The impact of SECA regulations on BSR 
maritime sector has been intensively discussed 
among scholars before the introduction in 2015. The 
negative forecasts ranged from economic 
disadvantages in the change in modal split towards 
land transportation to declined competitiveness and 
cargo handling volume in SECA region (Notteboom, 
2010; Wiśnicki, et al., 2014). However, after 2015, 
significant changes have not been seen and the 
vessels that operate in the Baltic Sea now use to a 
large extent Low Sulphur fuel (Bergqvist et al., 2015; 
Olaniyi et al., 2017).  
So far, the SECA regulation has been a good 
inducement to lower the emissions from shipping, 
but, a closer look at the situation in BSR reveals that 
currently, the abatement strategies for SECA 
compliance depends on the low oil price which is not 
guaranteed and may change instantly leading into an 
economic trap for ship operators, especially in time 
of low freight rates. Consequently, new business 
models for BSR shipping sector are required to 
maintain the competitiveness of the maritime 
transportation to other modes as well as to safeguard 
the compliance with SECA regulations.  
 Literature review revealed very little research 
on co-operative alignment strategies for abatement 
solutions in the maritime sector. The article analyses 
first, the current situation and trends in BSR related 
to SECA regulations. Then proceeds to discuss and 
assess the major abatement technologies in order to 
highlight the economic risks and benefits. Finally, 
business models for co-operative SECA alignment 
strategies are discussed, analysed and empirically 
validated. One of such is the Maritime Energy 
Contract (MEC) model where maritime fuel 
producers and ship operators can benefit from 
cooperation. 

Methods 
 The authors are part of the EU project- 
“EnviSuM (Environmental Impact of Low Emission 
Shipping: Measurements and Modelling Strategies)”. 
In the frame of the project, a quantitative survey 

around the BSR was carried out. In addition to that, 
the empirical evidence of this paper is amplified by 
literature review and qualitative research method 
comprising of expert and focus group interviews, 
workshops as well as case studies from maritime 
sector conducted between March 2016 and May 
2017.  

Conclusions 
 About two years after the implementation of 
SECA in BSR and first steps have been made to cope 
with the regulations. However, feedback showed that 
most of the maritime stakeholders postponed 
investment decisions in abatement technologies by 
using low sulphur oil. This strategy only works with 
a low oil price and in order to be prepared for oil 
price increase, new concepts are required.  
 Empiric activities within EnviSuM project 
showed no unified standards and conflicting interests 
among the different maritime stakeholders about 
SECA alignment strategies with each stakeholder 
attempting to cope individually. The research 
highlights that co-operative SECA alignment 
strategies and business models between different 
maritime stakeholders can become a critical success 
factor for future competitiveness and growth.  
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Introduction 
 With ever changing conditions (boreal pulses) 
warming Arctic navigational routes seasonally, the 
need to investigate marine invasive species (MIS) 
abatement in shipping pathways (hullfouling, ballast 
water, drayage) is more necessary than ever 
(Fernandez et al, 2015). To date, the Arctic Marine 
Shipping Assessment recommendations adopted in 
the Artic Council May 2017 Ministerial have yet to 
be assessed in terms of feasible economic incentives 
for shippers and countries to implement. The Arctic 
Council, as the highest-level pan-Arctic transnational 
institution, may inspire collective recognition of 
interdependence of international MIS transboundary 
pollution between sovereign Arctic members. The 
Arctic Council, via the Conservation of Arctic Flora 
and Fauna (CAFF) working group, has just adopted 
the Arctic Invasive Alien Species Strategy and 
Action Plan (ARIAS) (CAFF and PAME, 2017) 
through which awareness and coordination might 
prosper. A necessary complement to the 2017 
adoption includes analysis to identify cost-effective 
MIS abatement in shipping pathways in the Arctic. 
We present an analytical model in the context of the 
Northern Sea Route with central links for 
destinational traffic.  

Methods 
 Arctic shipping traffic data, along with the 
Arctic Shipping Best Practices Information Forum as 
a supplement to the Polar Code, provide data and 
necessary information in order to forecast cost 
effective options spatially and dynamically. We 
define a model with assumed asymmetries in net 
benefits and damages from increased shipping and 
concurrent species’ introductions, in responsibility 
for abatement, and technological, physical, or other 
ability to implement abatement. These all stem from 
varied frequency and volume of shipping, which we 
expect to continue and even to become more 
enunciated as shipping opportunities shift at different 
paces due to climate change and to differing 
economic investments made in response to changes 
in the physical environment (e.g. reductions in ice 
cover, coastal erosion). We frame the problem in a 
Shapley value context, in which payoffs from 
coordination reflect these asymmetries’ contributions 
to the challenge of joint optimization versus separate 
maritime shipping policy abatement.  

 
Conclusions 

 This work interlinks effects of marine 
ecosystems and socioeconomic aspects and policies. 
The levels of impact to marine ecosystems from MIS 
will be a direct function of the ability of Arctic 
communities to coordinate prevention and response 
policies and activities covering MIS pathways. 
Information sharing and transnational institutions 
provide mechanisms for coordination and reductions 
in potential impacts. These mechanisms face 
challenges in implementation that stem from 
asymmetries in payoffs from individual and 
coordinated action. Game-theoretic understanding of 
these asymmetries and the relative payoffs creates 
opportunities to generate more incentive compatible 
coordinated activities, which in turn the Arctic 
Council should foster.  
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Introduction 
 The Baltic Sea region has witnessed 
significant socio-economic changes over the last 
twenty years. One factor might be shipping activities, 
which have been rising over the last decade and are 
expected to increase further in both: number and size 
of ships, (HELCOM, 2010). These shipping activities 
lead to numerous environmental pressures, ranging 
from emissions to air, water and noise. The impacts 
from these pressures can potentially lead to effects on 
human well-being. These come as socioeconomic 
costs to human health or losses of revenue from 
activities such as commercial fishing and tourism. 
 

Methods 
 In order to assess these costs a Driver-
Pressure-State-Impact-Response (DPSIR) conceptual 
framework for shipping in the Baltic Sea was 
developed. 

 
Figure 1. The DPSIR framework for shipping in the 
Baltic Sea region (Hassellöv et al, 2016.) 
 
 
The framework links specific shipping activities to 
pressures, which ultimately result in changes to the 
state of the Baltic Sea environment and finally to 
impacts on human well-being and potential 
management responses. After describing the links 
between pressures, links to state of environment and 
impacts on human well-being, changes to human 
well-being are assessed both qualitatively and 
quantitatively using ecosystem services and human 

health. Finally, different future scenarios are 
presented in order to understand potential future 
changes in the shipping sector, and ultimately how 
this may affect human well-being. 
 

Conclusions 
 The first part of the assessment shows that the 
relative importance of shipping compared to other 
sources of environmental pressures differs for the 
individual sources substantially from high (e.g. 
introduction of invasive species) to low (e.g. 
contaminants to water). 
 

Table 1. Summary of pressures from shipping 
 Pressure Importance 

of shipping 
Trend 

Em
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sio
ns

 
to

 a
ir 

CO2 + ↑ 
NOX ++ ↑ 
SOX + ↓ 
PM ++ ↑ 

Em
is

sio
ns

 to
 

w
at

er
 

Non-indigenous 
species 

+++ ↑ 

Contaminants to 
water 

+ ? 

Oil spills +++ ↓ 

N
oi

se
 

em
is

si
on

s 

Underwater noise ++ ↑ 

Ph
ys

ic
al

 
im

pa
ct

s Anchoring, mooring, 
movement 

+++ ↑ 

Ship wakes ++ ↑ 

The second part of the socio-economic assessment 
provides an overview on ecosystem services and 
human health, while assessing the magnitude of the 
impacts from shipping. Building on this assessment, 
a first step towards possible policy responses is 
provided.  
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Introduction 
 How does environmental regulation impact 
the performance of economies? The SECA 
regulations on shipping exhaust gases are an example 
that may appear to be straightforward, but on closer 
inspection, this is a multifaceted issue that has 
several aspects that are difficult to measure and 
balance against each other. As such, it offers a good 
case example to categorize and conceptualize the 
questions of impact assessment. The SECA 
regulations are aimed at creating environmental and 
health benefits, and presumed to incur compliance 
costs. Other benefits and costs have not received 
much attention. Macro-economic effects and the 
issues of international distribution of costs and 
benefits are often neglected.  

Methods 
 Scientific literature on impact assessments on 
environmental regulation are analysed in this article, 
focusing on the ex-ante studies on the Sulphur 
Emission Control Area (SECA) in the Baltic Sea and 
North Sea. The relevant impact categories for the 
SECA regulations are identified and discussed 
systematically. 

Conclusions 
 We propose a comprehensive regulation 
impact framework for socio-economic effects (table 
1) that can be extended to other environmental 
regulation to support the needs of consistent and 
reliable evidence-based maritime policy. 
The direct environmental impacts of SECA are  
related to decreasing acidification and ground ozone 
levels. Acidification can decrease biodiversity, which 
has value for humans in many ways. There are also 
economic benefits in improving the health of people, 
which are estimated to be considerable in the case of 
SECA due to decreasing particle pollution. SECA 
rules will impact businesses differently. Certain 
countries, regions or sectors may be impacted more 
than others. In order to analyse the impacts on 
different business sectors, we need to recognize the 
direct behaviour changes required from the 
addressees of the regulatory obligation, and then 
recognize the second-order impacts. There may also 
be administrative costs on business, related for 
example to the type of data required and the 
complexity of the submission processes. There may 
also be impacts on the flows of exports, imports and 

investments. Impacts on competition may also be 
relevant. Regulation may lead to a situation with 
higher prices due to less competition, or form barriers 
preventing new suppliers and service providers from 
entering the market. As regards the impacts on 
innovation and research, it should be assessed 
whether research and development is stimulated or 
hindered, and whether the introduction and 
dissemination of new production methods, 
technologies and products is facilitated.  
Table 1: SECA impact categories 
 
Impact category Measuring task 
Environmental 
impacts 

Benefits of clean nature and 
biodiversity  
Costs: pollution flows, 
pollution deposits, 
ecological effects 

Health impacts Benefits of reduced 
mortality and illness for 
citizens and society 
Costs : cost effectiveness  

Business impacts: 
ecological goods 

Benefits of enhanced 
commercial ecological 
resources (ecosystem 
services) for businesses and 
society 
Costs: structural change 

Business impacts: 
compliance 

Costs of compliance for the 
maritime industry, its 
customers and society 

Business impacts: 
innovation 

Microeconomic benefits for 
clean-tech industries, 
macroeconomic benefits of 
innovation inducement in 
cleaner shipping 

Administrative 
impacts 

Costs of administration 
Benefits in enhanced 
expertise. 

Macro-economic 
impacts 

Dynamic possibilities for 
sustainable blue economies, 
and international 
cooperation  
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