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Why are we interested in VOCs emitted by ships?

| ' | Although much progress has been made in the regulations on shipping emissions,
| | notably for SO, and NO,, several hurdles still need to be overcome In order to
accurately estimate and mitigate the impact of shipping emissions on air quality
. - 2| NO TN This requires (1) a better understanding of emissions at berth and in port, since these
Aerosols = - ~ have the largest impact on urban air quality and (2) field measurements in specific
A S .C ; norts to better understand regional differences.

G‘}sc)phgs: ‘I’“"c')da';ts ndeed, changing practices (e.g. the use of fuel with lower SFC, alternative fuels, use of
s " scrubbers) may increase the relative importance of other pollutants, such as Particulate
Matter (PM) and Volatile Organic Compounds (VOCs). Therefore, it seems critically
Important to monitor changes in unregulated pollutants, and particularly VOCs as
precursors for PM (mainly Secondary Organic Aerosol). However, few studies have

addressed the emission of these pollutants from ships so far.

This work focusses on the emission of VOC by ships in two harbours In France through field measurements on land using ea. on-line VOC

Authors

Liselotte TINEL®
Erwan Volent )

St,éphc_':me Squvage e measurements. This allowed for the determination of speciated Emission Factors (EF) of a suite of pollutants and VOCs that will be used in regional
Véronique Riffault &) air quality models. The results are compared for the two different harbors, one on the North sea channel and one on the Mediterranean Sea that
Lise Le Berre ® have different emission regulations for SO, (Marseille 0.5% S (m:m) and Dunkirk 0.1% S (m:m))

Brice Temime-Roussel @ :
Barbara D’Anna ©) HOW aid WE WO_'.'k'_’

(1) IMT Nord Europe, FR e .':'.;‘; o> I - ¥
(2) Institut of Environmental Geosciences | (s |
(3) LCE, Aix-Marseille University, FR

Two intensive field campaigns:
» Juin 2021: Marsellle
» September 2022: Dunkirk
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Where w, represents the carbon mass fraction in fuel, elemental carbon, PM2.5, PM10 aethalometer, TEOM-FDMS

Mc/MCO2 is the mass fraction of carbon. Background Particles

concentrations (X, CO, 5;) were taken as the median chemical composition HR-ToF-AMS
on a 30 mins window either side. Metals/particle morphology Filters (ICP-MS) and X-Act online analysis (EDXRF)
What do ships emit in French harbours?
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Sulphur regulations are generally met, mean EF=1.36 g/kg:

1 s0f :
- 1 4 [ ] ‘|7

L g | 20}
The most emitted VOCs are formaldehyde, acetaldehyde, Tk 10f o, *% 1 10f
methanol, cyclopentane and BTEX aromatics. VOCs account = o = 0 - - ob—=ll 1 -
) ] . IN ouT IN ouT IN ouT IN ouT IN ouT

for 2.3 g/kgs, Which 1s 4.3% of the (measured) mass emitted

g / kg (fuel)
=

g / kg (fuel)

mg / kg (fuel)
D
o

w
o

g / kg (fuel)
3

g / kg (fuel)

4/|

o

(&)}

>
» Highest emission factors for NO (med. EF = 24 g/kg;,q)
>

m99 C H, 0, H’ m93 C_H, H’ m117 C,H,0, H’ m79 C H_ H' 31 HCHO HY
© o o _ _ _ 250 - - 120 - - 6 - - 120 - - 200 - -
anl" agence nationale » Very similar emissions for three rotating sister ferries | T
de la recherche 200t <] 1 I | 7 7 | 150
» Significant differences between in- and outgoing ferries 5 = g0} =4 = g0l = T
ADEME O for certain pollutants ; PN, BC, and VOCs ‘3150' Sl T 4 S I = y
100 e e e e
@ Marseille shipping emissions: = % E 40y E 2| fi £ 40 s S S
[EinsiTion 353 shipping peaks detected, lasting for 2-14 mins, from
Hauts-de-France . : 0 == = 0 . 0 ; . 0 . + 0 .
many different ship types N OuT N ouT N OuT N ouT N OuT
References VOCs make up less than 0.1% of the gaseous phase on average, but up to 10% in certain cases. EFs for VOCs are very low (0.03 ppb), below the
LoD for most species. Identified VOCs with the highest EFs are methanol, acetaldehyde, acetic acid, C8 aromatics, toluene (+ C;Hy* and C,Hy")
[1] Wu, Z., et al. 2020. Dramatic o | _ | _ | _ _ |
increase in reactive volatile Significant differences between different operational phases for certain pollutants; differences in- and outgoing vessel only for SO, (engine use?)
organic compound (VOC) 00
emissions from ships at berth after | | | | | | | | | | | | | | | | | | | |
Implementing the fuel switch policy | 00 = B
In the Pearl River Delta Emission . § mm ancouvring/Navigaton 600 |- ) _
Control Area. Atmospheric 2 4 ek sl I F= S _
Chemistry and Physics 20.(4), pp. T 2
1887-1900. 2 ~ 2400 7
[2] Le Berre et al., 2024. L, - 2300 —
Measurement report: In-depth T - E\u ) 200 _
characterization of ship emissions K| Gl e BS N =65 IES N7 T n-er
during operations in a | ' 100 % =66 BN =66+ N-67 TN 00 \ge _noer |
Mediterranean port. EGUsphere Cruise o Can ' 0 10 J= "?ﬁ #’ é : e
1-44, https://doi.org/10.5194/ NEE | 78 B . w0 LIV W . W 3 P SR
P ' T 1 05 ' i | 57 AQ % u o A 2
SCUSEIEE bz sl e — 3 28 Xv Go ™ 01 «\“OE\% w‘b\% 00 0 O 1%0'?&@1'5&\%@%06 °
[3] Diesch et al., 2013. NOVP | 1 | 12 | 12 o ® ® ® ®
Investigation of Gaseous and 8 . 2600 :
Particulate Emissions from Various The methane case | ., Conclusion:
Marine Vessel Types Measured on _ _ _ _ _ _ of IO : L -
the Banks of the Elbe in Northern ~ » Methane is the highest organic compound emitted in Dunkirk .| PR 2o Measuring shlppmg EF requires measurements at a
Germany’. Atmospheric Chemistry (med EF = 0.9 g/kg;,.) and Marseille (med EF = 0.4 g/kQse ) = *  Mminute resolution |
and Physics 13 (7): 3603-18. = | ~ Sulphur regulation generally respected, NOx is the
https://doi.org/10.5194/acp-13- ... however, Iits emission peaks don't coincide with those of other | dominant pollutant emitted in SECA zones in France
3603-2013. combustion products = could CH, be outgassing from seawater? VOCs represent a small fraction but include some
23 tza0 1ze 100 high intensity peaks and toxic species (BTEX)

Sep 19, 2022

110-14 November 2024, SOLAS Open Science Conference, Goa, India


https://doi.org/10.5194/

