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Report available on the Web

To find it:
Google for ship emissions Denmark
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Air pollution from ships
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The largest health-related
air pollution problem:

Particles
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Particles

A distinction is made between
> 'Primary particles’
> 'Secondary particles’
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Particle pollution

> When measuring particle pollution in the air, only a
relatively small fraction of the particles have been
‘born’ as particles. These are primary particles’.

> Another large fraction have been created from gases.

> Pollution emitted as gases - in particular NO, and SO, -
can be transformed to particles during transport
through chemical and physical processes.

> The reactions require time (several hours or days).
> These particles are referred to as secondary particles
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Fine particles: PM, .
> PM, ¢ are particles with a diameter less than 2,5 pym.

> An EU limit value for the concentration of PM, . applies.
The yearly average value should not exceed 25 pg/m3.

> Note: The value is a target value from 2010, but a binding
value from 2015.
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Important point about particles

> When measuring particle pollution in the air, only a
relatively small fraction of the particles have been ‘born’ as
particles. These are primary particles

> Gases - in particular NO, and SO, - can be transformed to
particles through chemical and physical reactions in the
atmosphere.
They form ‘secondary particles
These reactions require time (several hours or days).

> Ships are important contributors to both primary and
secondary particles.
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What are the sources to PM, - in general?

PM2.5 in a street
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What are the sources to PM, - in general?

PM2.5 in street and urban background
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What are the sources to PM, - in general?
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Steps to estimate ship contribution

Qomplle an emission |nventory>

Make calculations with an atmospheric dispersion model,
accounting for transport and conversion of pollutants

> How much can be attributed to ships?
Estimated by comparing model runs with full emission from
ships and with reduced emission from ships.
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The "old” (EMEP) emission inventory

50 km x 50 km grid cells
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The "old” (EMEP) emission inventory

> 50 km x 50 km grid cells.

> Information on sailing routes based on certain assumptions
- thus not accurate.

> Assumed that ship engines operate at 80% load - in reality
load is variable.
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A new possibility

> Automatic Identification System (AIS)
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AlS system: www.marinetraffic.com/ais

A Live Ships Map - AIS - Vessel Traffic and Positions - Microsoft Internet Explorer
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AlS (Automated Identification System) data:

B mKNSorted-apr.txt - Notepad

File Edit Format Wiew Help

"LR_IMO"; "ID_sec”;"ID"; "MAME"; "TO_CHAR_LE"; "MMSI"; "IMO"; "DESTIMATIO"; "CALLSIGN"; "TYPE_OF_SH"; "DRAUGHT"; "MAV_STATUS"; "KNLkmDK"; "Lat"; "Lon"

31, 0034850227851, 00; "HAVBAS"; "20070411 00:00:0L1";258288000,00;0,00;"CH 16 FOR DIST";"LGSP";30,00;6,00;0,00; "1km_6395_594"; 57717000, 00;10588830,00
31, 0034850237825, 00; "L311 SILVER PIT";"20070411 00:00:01"; 220091000, 00;0, 00; "THORSMINDE DEMMARK": "XPS065";30,0052,40;0,00; "1km_6247_445"; 56367560, 0
+1, 0034850237838, 00; "FY KARELIA"; "20070411 00:00:01";230920000,00;0,00;; "0ImMy":30,00;0,00;15,00; "1km_6253_685"; 563838770,00;12007460, 00

17, 0034850238338, 00;; "20070411 00:00:07";220073000,00;0,00;;;0,00;0,00;0,00; "1km_6122_835";55137310,00;14266350, 00

110, 00; 4850238571, 003 ; "20070411 00:00:10"; 2203658000,00;0,00;;;0,00;0,00;0,00; "1km_6244_679"; 56310110, 00; 11901800, 00

112,00; 4850238762, 00; "FV KARELIA"; "20070411 00:00:12";230990000,00;0,00;; "oImy";30,00;0,00;15,00; "1km_6253_685"; 56388280,00;12007670, 00

114, 00; 48502385851, 003 "DANPILOT 1";"20070411 00:00:14";219002826,00;0,00;; "=PC7685";50,00;1,10;0,00; "1km_6051_&89"; 54571580, 00;119259450, 00

116, 00; 4850239036, 00; "ELISABETH-M"; "20070411 00:00:16"; 219009397, 00;0,00;; "0ZRF2";40,00;0,00;15,00; "1km_£147_463"; 55475660, 00; 8422810, 00

118, 00; 4850239195, 00; "LINE LENTZ"; 20070411 00:00:18";220359000,00;0,00;; "OwRw";30,00;0,00;0,00; "1km_6373_590";57493020,00;10502640, 00

115, 00; 4850239206, 003 "HM96 JANNI"; 20070411 QO0:00:18";220343000,00;0,00;; "0U4649";30,00;0,00;15,00; "1km_63958_595"; 57720200, 00; 10595300, 00

123,00; 4850239645, 00; "PILOT MECKELBORG"; "20070411 00:00:23";211222750,00;0,00;;"DQKI";50,00;0,50;0,00; "1km_5987_655"; 54013300, 00; 11366990, 00
123,00; 4850239640, 00; "FRAME MATIKEN"; "20070411 00:00:23";220329000,00;0,00; "HIEM TIL HANNE'; "OwzZB";30,00;4,00;7,00; "1km_6398_594";57715250,00;105828
124,00; 4850239682, 00; "ASTORIA IT HG214";" 20070411 00:00:24";220007000,00;0,00;; "0OvIM";30,00;3,50;0,00; "1km_6225_705"; 56126430,00;12311210, 00
125,00; 4850239795, 00; "ASTRID MARIE"; "20070411 00:00:25";265824000,00;0,00;; "sMPD";30,00;5,00;15,00; "1km_6372_633"; 57479130,00;11234130, 00

1 28,00; 4850240036, 00;; "20070411 00:00:28";421923415,00;0,00;;;0,00;0,00;0,00; "1km_6336_465"; 57169010, 00; 8432430,00

130,00;4850240176,00; "PILOT WIKAR";"20070411 00:00:30";219000546,00;0,00;; "XPC8394";50,00;0,00;15, 00; "1km_6099_527"; 55040480, 00; 9423920, 00

131,00; 4850240283, 00; "FV KARELIA"; "20070411 00:00:31";230990000,00;0,00;; "0IMy";30,00;0,00;15,00; "1km_6253_685"; 563587380,00;12008060, 00
132,00;4850240349, 00; "EL-VIND"; "20070411 00:00:32";219983000,00;0,00;; "0XDC";90,00;0,00;0,00; "1km_6292_454"; 567766590, 00; 8254010, 00

132,00; 4850240370, 00; "L349 GITTE HENNING'; "20070411 00:00:32"; 219852000, 00;920245500, 00; "HAVNEKROEN"; "O¥RY";30,00;7,50;15, 00; "1km_6284_452"; 5670292
132,00; 4850240354, 00; "DANPILOT MEPTUN";"20070411 00:00:32"; 219004838, 00;0,00; "PILOT SERVICE"; "OUS9S84";50,00;2,00;0,00; "1km_6253_628"; 56408500, 00;11
134,00; 4850240575, 00; "PILOTBOAT FRIGG';"20070411 00:00:34"; 219004263, 00; 0, 00; "KALUNDEBORG"; "OUBS97";50,00;1, 60;0,00; "Lkm_6170_630"; 556652580, 00; 11075
;35,00;4850240605, 00; "RESCUE 90-126"; "20070411 00:00:25"; 265581930,00;0,00;; "75A2284";90,00;0,00;15,00; "1km_6225_859"; 56042370, 00; 14771000, 00
+35,00;485024066%,00; "PILOT 63", "20070411 00:;00:35";2610005%0,00;0,00; "swINoUlsCIE"; "sPs2102"; 50,0051, 90;0,00; "1km_5986_845"; 52000220, 00; 14266700, O
P36, 00; 4850240681, 00; "PILOT 777 SE';"20070411 00:00:36";265507640,00;0,00;; "sIxu";50,00;2,30;0,00; "1km_62356_864"; 56157500, 00; 14877520, 00

J36,00; 4850240701, 00; "MRE 25"; "20070411 00:00:36"; 210002783, 00;0, 00; "THORSMINDE"; "xP3143"; 51,00;1, 00; 0, 00; "1km_6247_445"; 56371510, 00; 8120030, 00
137,00; 4850240805, 00; "PILOT 112 sSE";"20070411 00:00:37";265507650,00;0,00;; "sIxT";50,00;1,00;0,00; "1km_A395_658"; 57707410, 00; 11661750, 00

$37,00; 4850240746, 00;; "20070411 00:00:37"; 220073000, 00;0,00;;;0,00;0,00;0,00; "1km_6122_835"; 55138070, 00;14267910, 00

$38,00; 4850240838, 00; "STORRINGTON"; "20070411 00:00:38"; 233199000, 00; 81070000, 00; "ESPEVIK"; "GCEBZ"; 70, 00; 8, 00; 0, 00; "1km_6115_833"; 55076080, 00; 1422372
141, 00; 4850241065, 00; "ALVSNABEEN 3";"20070411 00:00:41";265547220,00;0,00;; "S1Tw";0,00;2,00;0,00; "Lkm_63099_675"; 57704630, 00;11939300, 00

1471, 00; 4850241160, 00; "PILOT 750 SE";"20070411 00:00:41";265513270,00;0,00;; "5541";50,00;2,10;0,00; "1km_6310_712"; 56892040, 00;12489290, 00

141,00: 4850241067, 00; "PILOT 771 SE";"20070411 00:00:41";265528590,00;0,00;; "SKYE";50,00:2,00;0,00; "1km_6210_832"; 55928090, 00;14328320,00

143,00:; 4850241314, 00; "ANNEMETTE"; "20070411 00:00:43";215001843,00;0,00; "ROEDVIG"; "0VS1";30,00;3,00; 8, 00; "1km_&126_742"; 55229630, 00;12809790, 00
143,00; 4850241280, 00; "RESCUE KIELL&COMPANY'; "20070411 00:00:43"; 265585560, 00;0,00;; "SCIR"; 51,0051, 00;15, 00; "1km_6147_749"; 55410650, 00;12934790, 00
145,00; 4850241488, 00; "PILOT 741 SE;"20070411 00:00:45";265504660,00;0,00;; "SFYA"; 50,0051, 50;0,00; "1km_6210_832"; 55928140, 00;14328170, 00

145,00; 4850241473, 00; "PILOTBOAT FRIGG"; 20070411 00:00:45"; 219004263, 00; 0, 00; "KALUNDBCORG "} "OUBS97"; 50,0051, 60;0,00; "1km_6170_630"; 55665270, 00311075
145,00; 4850241436, 00; "DETTMER TANK 85"; "20070411 00:00:45";211215630,00;0,00; "DEROS"; "DBS067 "} 80,0050, 00; 0, 00; "1km_6005_704"; 54156190, 00;12129540,0
1 46,00; 4850241553, 00; "LOTS 737"; "20070411 00:00:46";265513460,00;0,00;; "SGPK"; 50,00;1,20;0,00; "1km_6170_751"; 55613700, 00;12997280, 00

1 46,00; 4850241539, 00; "ASTRID MARIE"; "20070411 00:00:46";2655824000,00;0,00;; "sMPD";30,00;5,00;15,00; "1km_6373_633"; 57479870,00;11232950, 00

;47,00; 4850241617, 00; "STORRINGTON"; "20070411 Q0:00:47"; 233199000, 00; 31070000, 00; "ESPEVIK"; "GCBZ"; 70, 00; 8, 00; 0, 00; "1km_6115_833"; 55076480, 00;1422426
291, 00;4850241%43, 00; "DAMPILOT MEPTUN"; "20070411 00:00:51"; 219004838, 00; 0, 00; "PILOT SERVICE"; "OUS934";50,00;2,00;0,00; "1km_6252_5627"; 96408500, 00;11
351, 00; 48502415065, 00; "PILOTBOAT FRIGG';"20070411 00:00:51"; 218004263, 00; 0, 00; "KALUNDEBORG " ; "OURSGT"; 50, 00;1, 60;0,00; "Lkm_6170_630"; 55665260, 00; 11075
352, 00;4850242126,00; "PILOTBOAT FRIGG";"20070411 00:00:52"; 210004263, 00; 0, 00; "KALUNDEBORG"; "OURSGT"; 50, 00;1, 60; 0, 00; "Lkm_6170_630"; 55665270, 00; 11075

£ ?
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New emission inventory based on AlS

> AlS data provided by Danish Maritime Safety Administration

> Data records which contain: Vessel IMO codes; AlS signal time;

vessel coordinates.
The year 2007 is represented by a sample of 24 days.

> Vessel data provided by Lloyds
> Main engine size and stroke, ship category.

> The data were processed at our institute

> Deriving vessel speed, engine load, fuel consumption and emission
of pollutants.



NATIONAL ENVIRONMENTAL RESEARCH INSTITUTE I
v AARHUS UNIVERSITY Helge Rerdam Olesen June 3, 2010
Result of the new inventory for SO,
Ton SO, per

year per km?
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New and old inventories for SO,

S
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Emissions according to old and new
Inventories
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Prognosis for ship traffic

> Based on an estimate from the Danish Ship-owners’
Association

> The ship traffic in 2011 is assumed equal to traffic in 2007 -
due to the financial crisis

> The traffic of goods carrying vessels is expected to
increase by 3.5 % annually until 2020.
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Limits to sulphur content in heavy fuel
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Limits to sulphur content in heavy fuel
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Limits to sulphur content in heavy fuel
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Limits to sulphur content in heavy fuel
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Limits to NO, emissions

> We have assumed MARPOL requlations to be effective.

> Further, assumed that a Nitrogen Emission Control Area
(NECA) will be implemented in the Baltic Sea from 2016.

> For new ships from 2016 onwards, NO, emissions are
reduced by 80% compared to today.
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Fuel consumption (TJ)
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Helge Rerdam Olesen June 3,2010

Area with detailed
information

"The A/S inventory area”
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Energy consumption (in AlS inventory area)
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SO, emissions from ships in AlS inventory area
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NO, emissions from ships in AlS inventory area
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Emissions of primary PM, : in AlS inventory area
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Inventories of total emission (Ship + Land)

> Two ship emission inventories are combined:
> The detailed for the A/S inventory area

> acrude inventory for the waters outside of this area.

> Further, these inventories are combined with an inventory
for land-based sources.

> Land-based European sources based on EMEP data from
2006.

> For 2020: Land-based sources based on a scenario set up
by the International Institute for Applied System Analysis in
Vienna ('Central case’).
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NOx emissions, land and sea
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Steps to estimate ship contribution

Qomplle an emission |nventory>

Make calculations with an atmospheric dispersion model,
accounting for conversion and transport of pollutants

> How much can be attributed to ships?
Estimated by comparing model runs with full ship emission
and with reduced emission from ships.
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Steps to estimate ship contribution

Compil

Mventory

Make calculations with an atmospheric dispersion model,
accounting for conversion and transport of pollutants

Estimated by comparing model runs with full ship emission
and with reduced emission from ships.
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The Danish Eulerian Hemispheric Model (DEHM)
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Model calculations for 2007 og 2020
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Concentration of SO,
Levels in Copenhagen - urban background
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Concentration of SO,
Ship contribution - average over DK

> In 2007: Ships are responsible for 37% of the SO,
concentration load

> In 2020: Ships are responsible for 10%

|
June 3, 2010
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Nitrogen oxides

> NO, is the sum of NO and NO,,
> NO, is harmful to health

> NO can be transformed to NO, in chemical reactions.
Some reactions are fast, others require many hours.

> Thus, the NO, concentration level is of concern
> Further, NO and NO, contribute to formation of particles.
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Model calculations for 2007 og 2020
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Concentration of NO.;:

Levels in Copenhagen and a rural area:
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Particle pollution

> When measuring particle pollution in the air, only a
relatively small fraction of the particles have been
'borne’ as particles. These are primary particles'.

> Another large fraction have been created from gases.
These are 'secondary particles

> With the DEHM model we can describe
> primary particles
> secondary inorganic particles

> - but not secondary organic particles

> The particles accounted for are referred to as
modelled PM, . (mPM,, ;)
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Model calculations for 2007 og 2020

>7.5

7.0-7.5
6.5-7.0
6.0-6.5
55-6.0
5.0-55
45-5.0
40-45
3.5-4.0
<3.5

Concentration of mPM, ., ug/m3 (mPM, ;: modelled PM, ;)

L 2020 % o

R NN




NATIONAL ENVIRONMENTAL RESEARCH INSTITUTE I
¥ AARHUS UNIVERSITY Helge Rerdam Olesen June 3,2010

Ship contribution to modelled PM, . (percent)
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Concentration levels in Copenhagen: mPM, .
(modelled PM, ;)
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Concentration levels now and in 2020 -
average over Danish land areas
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Percent-wise contribution from ships to
concentration levels (average over DK)
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Conclusions (1 of 3)

>| A new, better emission inventory has been established. Use
of AlIS data is recommended for similar inventories in
future.

> The 2020 scenario shows a major effect of IMO regulations
concerning sulphur. The reqgulations lead to a large
decrease in SO, concentrations.



NATIONAL ENVIRONMENTALRESEARCH INSTITUTE = m— . I

¥ AARHUS UNIVERSITY Helge Rerdam Olesen June 3,2010

Conclusions (2 of 3)

>

Emission regulations for NO, are not able to fully
outbalance the expected increase in ship traffic in the
period until 2020.

As a consequence, the contribution from ships to NO,
concentrations will remain almost unchanged in absolute
terms.

In relative terms the contribution from ships to NO, is
expected to increase in the period.
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Conclusions (3 of 3)

> For fine particles (PM, ), keep in mind that a large share of
PM, . is secondary particles. This means that PM,
concentrations are not only affected by sulphur emission,
but also by NO, emission.

> In absolute terms, the contribution from ships to PM, .
concentrations will decrease slightly towards 2020.
In relative terms the contribution from ships is expected to
increase in the period.



