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Outline ﬂss

* Introduction

* Model system
* Ship emissions
* CMAQ results
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Ship emissions - other studies ﬂss

Transport-related annual emissions and fuel consumption
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Ship contribution to national emission inventories

SO, Emission

NO, Emission

Country Country

Contribution Contribution

Malta 38 % Malta 16 %

Cyprus 24 % Denmark 15 %

Denmark 20 % Sweden 13 %

Sweden 16 % Netherlands 13 %

Greece 15 % Cyprus 10 %

Portugal 14 % Norway 9%

Netherlands 13 % Portugal 9 %

Finland 13 % Belgium 9 % :ﬁ HELMHOLTZ
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Benzo(a)pyrene (BaP)

ﬂss

Benzo(a)pyrene
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Model and Setup ﬂss

* Community Multiscale Air Quality modelling system (CMAQ), de-
veloped by the US EPA for SO,, NO,, O; and particulate matter (PM)

* Model domain:  54x54 km?2 orid 18x18 km? grid
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* 30 vertical layers up to 100 hPa
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CMAQ Modelling System ﬂss

Meteorology
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Modelling aerosols with CMAQ

Ammoninm aerosol, Melpitz, 2000
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Bias/ug/m3  Corr

NH, -0.14 0.63

NO,  0.04 0.67

SO, -0.08 0.55

BUT: total PM10 is under-
estimated by 30 — 50 %

(Matthias, ACP 8, 5077 (2008))
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Calculation of ship emissions in NW Europe GKSS

[ ,
= Vessel movement data Basic vessel data
i®) .
@) Departure and arrival Year of construction
> places and dates for Engine type
- Route the year 2000 Fuel type
9 Power
7, o
c Time spent in grid box Emission factor [g/kWh]
LLI (Cooper et al., 2004)
= Ship emissions per
n grid box
Land based
emissions
(TNO, 2005)

Chemical transport modeling with CMAQ

Deposition and concentration distribution over Europe
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BaP Emissions ﬂss

January 2000

a) land-based b) marine (NW Europe)
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Results: BaP Concentration
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Sensitivity study for January—
BaP Concentration and Deposition

GKSS

BaP dry deposition BaP concentration

BaP wet deposition
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Impact of Ships on SO, and SO,(p)

January and July

GKSS
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Impact of Ships on NO, and NO,(p)

January and July

GKSS
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Comparison of modelled SO4(p) to
EMEP stations GKSS

SO4(p) Jan 2000

9
™ 8
¥
E 7
n
E &
g
o 5 B measured
1S 4 B noShips
= Oincl. Ships
o
= 3
s
% 2 h h m
o
c
o RN h

) ol w0 B0

CHO02 DEOQ7 DEO9 DKO3 DKO5 DKO08 ES11 Fi22 FR0O9 GB07 GB14 HU02 ITO1 ITO4 NLO9 NOO1 NOO08 RUO1 RU18 SEO02
station
SO4(p) Jul 2000

7
o e No ships
£
g 5
g measured
S 4
o \ B measured
S H noShips
= 3 Oincl. Ships
i)
s 2
€
3
: 1 I I m H ﬂ
o
: L

0

e

> Significant effects of ship emissions at coastal sites 2, _
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Conclusion

* Ship emissions module: Temporally and spatially highly
resolved ship emissions for the year 2000

* First study: BaP emissions
—> Little influence on concentration distribution patterns
- Up to 1 % (monthly average)

* Higher ship contribution in summer than in winter due to
differences in residential combustion

* Emission factors with high uncertainties - further research is
eligible

e Sensitivity study: additional NO,, SO, and PM,, emissions

—> Influence on the BaP concentration and deposition
distributions
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Outlook

* Evaluate nested grid (18 x 18 km?) for more
detailed information

* Ship emission influence on concentration and
deposition distributions of other pollutants, e.g.
NO,, SO, and particulate matter (PM) in more

detall
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Thank you for your attention!




