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SHEBAR:

Driver Shipping

= 90% of global trade is carried by international shipping

= Shipping accounts for approximately 3 % of annual global Halpern et al. 2008

CO, emissions  (smith et al. 2014) . ‘8*} ‘%Q?ﬁ_o

= Baltic Sea area is hooked up to that trading system ,9:- ® ;
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— busy shipping area; up to 15 % of global cargo

— 3500-5500 ships per month (madijidian et al. 2013)
— 50% cargo ships, 20% tankers, 11% passenger ships (Parsmo et al. 2016)

Marine Traffié 7/6/2018

Shipping impacts the environment on multiple ways

— emissions of matter and energy

- to air (GHGs, pollutants)
- to water (contaminants, nutrients)
- underwater noise
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SHEBAR:

Emissions from Shipping
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SHEBAR

SHEBA Objectives and Structure

_—_—_—_—_—_—_—_—1

I | SHEBA's research and coordination is structured into 7 working packages (WPs):
I Objectlves WP1 Policies, scenarios and activity data
I . . . . I - Drivers_{policies, economy, regulations}
The aim of Sheba is to provide an integrated | e e ey fuel, modal Snfy
: and in-depth analysis of I
| : c WP2 Air Pollution
— the ecological I 2 - Ai polutant sources
I 2 g - Transport and transformation, deposition maps
. I S - Effects on human health and land ecosystems
| — economic E S
o
| — and social impacts | '
[
|
L : | c
I of shipping in the Baltic Sea and to support | g
=
I development of the related policies on EU, I .
I regional, national and local levels I %gg
b
S8 <
-y
©gla
) E 3: a WP5 Assessments

- Good environmental status descriptors

- Integrated assessment of economic, societal
and ecological impacts

- Ecosystem services

SHEBA is an affiliated project of Baltic Earth
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SHEBAR:

DPSIR framework for the assessment of operational shipping

AlS data
Drivers STEAM, EFs LGS .
. . Ship emissions to air
Ship traffic ) o
Ship emissions to water
Scenario development
Atm. CTMs (CMAQ, EMEP, ...)
Response sslecosystem ?odel (5R|G)C()2/IE)M
Regulations y Noise propagation mode ( )
Policy measures State
Pollutant concentrations
in air and water,
Assessments Underwater noise
L) ARP model
Human health effects Critical Loads
Ecosystem changes PEC/PNEC ratios

(Moldanova et al. 2018) 5
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Emission Inventories & Scenario Building Example NO,

Ship activity + emission factors (spectra)

62

kg

— emission inventories

60

for emissions to air and water
Including underwater noise

58

EfE00Eo0Em

56

54

by extended AlS based STEAM Modell (FMI)

Shipping: present day situation (2014), future (2030 and 2040)
— future in accordance with socio-economic scenarios (SSPs*)

BAU, NoNECA, EEDI, Modal shift, Slow steaming, LNG ...

AlS 2012

Scenario building has been supported by stakeholder consultations and elicitation

*Shared Socioeconomic Pathways e.g. Riahi et al. 2017
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SHEBAR
Business as usual scenario (BAU)

(current trends continue, decided regulations will enter into force; NECA, EEDI, MARPOL sewage)

(Fridell et al.)
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SHEBAR: )

Scenarios related to SSCP's”
(imply different developments in shipping volumes, types of fuel use and environmental policies)

2040 scenarios relative to 2014 (fractions)

1.40E+00
1.20E+00 m 2014

1.00E+00 B SSP1  “sustainability”
8.00E-01 W SSP2  “middle of the road”
6.00E-01 W SSP3  “fragmentation”
4.00E-01

2.00E-01 -

0.00E+00 -

CO, NO Sewage

X
(Fridell et al.)
*Shared Socioeconomic Pathways e.g. Riahi et al. 2017



Regional scale chemistry transport modelling

Monthly average NO2 (ppbV) CURRENT 05/2012
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NO2 %-change (CURRENT-NOSHIP)/CURRENT 05/2012
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Air pollution concentrations

SHEBA used chemistry transport model systems to assess
the fate of air emissions NO,, SO,, PM, BC ...

— O, secondary aerosols

HZG: CMAQ; IVL/MetNo: EMEP; FMI:  SILAM CTM oW o 20 -
HZG CMAQ Set-up

Present NoNECA EEDI
(2012) (2040) (2040) (2040)
Ship emission of NO, in Baltic

Sea [kt/yr]

Ship emission of PM,; in

Baltic Sea [kt/yr] L P s ol
~ = - | — — — — — — —|— = = — — = 1
Avg. JJA :?.hlp contribution to 0.64 | 0.33 016 ! 0.19 ~
ambient NO, [ppbV] L - - . D
Avg.JJA' ship contribution to : B 6.2_9_ B ': 0.06 0.05 : B B;S_ B ': §
ambient PM, . [ug/m?] L e e = — [ Lo e — = S

Business as usual (BAU)
No implementation of NECA-2021 (NoNECA) Low efficiency increase (EEDI)
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SHEBAR
Approach/Methods - Shipping emissions to water

Ship types __ ) _
13 [Shlpe type dlscharge\ [STEAM\ /Discharqe volumes\
volumes or amounts: Bilge
- del |
Bilge modae Stern tube oil
Ballast water Ballast water
ifouli Grey water
\_ Antifouling, etc. -/ Shipping S
.. \_emissions _/ Food waste
AIVIty (AI data L Open loop scrubber
Alr em*lssmns \Closed loop scrubbed
KCMAQ A 4 Amounts )
Antifouling
model NO,
i ﬁ NH,
G PO,
e \_Detritus )
Year 2012 Atmospheric
kdepositions j

into GETM ERGOM

(Hassellov, Eriksson et al.)
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SHEBAR: )

Shipping emissions to water — transport and effect

Nutrients from shipping mainly: -
- . - 0 1 2 3
— nitrogen oxides via exhaust and i 165, itk i8S mmmiolliod)
N_depOSition annual Cu,., 90" prctl

— phosphate via black and grey water

Figure: Shipping related nitrate uptake - %”, L
by phytoplankton from April to June in (g 4

2012 (colour bar). GRS v
Pink contour lines 90t percentile of b W 4

annual maximum copper concentrations
in 2012.

300 tons of copper emitted annually by shipping,
99 % from anti-fouling paint

(Maljutenko et al.)
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Annual fuel consumption

Leisure boat study

= Model developed for
activities and emissions

» more than 3000 marina locations at
the Baltic Sea
> 250 000 leisure boats

0.61km"2 :
=
Y% 26 log 2y S { J.?T-'g 4 62y 2!;,, 2636, 3!50 'i-’gﬁ ‘fﬁa 'S-ffa '56‘:;9 50’.90 Sqp ‘5‘4,5'9 “"Qg

» Relevanti.e. for NMVVOC, CO,

. . . annual fuel consumption in kg/grid cell/year
antifouling paints P 9/g y

(Johansson et al.)
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SHEBARS

Leisure boat study

Pleasure boats versus commercial shipping (2014)
[
Travel — 116 %
AFP Zn [ 41 %
AFP_Cu [ 187 % .

|
PM25 | 2.65%

NOx  0.38% I
NMVOC * 152 %
CO B 62 'iﬁ
Fuel consumption 1.24% |
0.00 % IUU:UU % 200.00 % 300.00 % 400.00 % 500.00 % 600.00 % 700.00 %

Pleasun% boats versus commercial shipping, July (2014)
|

Travel )
anti-fouling g” ArPeno 189

U ArP_Cullo B 4334
pm25 B 104% |
NOx  1.52% I

non-methane VOCs nwmvoc )
CO co 243.4%

Fuel consumption | 4.89 % I

0.00 % 100J00 % 200.00 % 300.00 % 400.00 % 500.00 % 600.00 % 700.00 %

: 100 % (Johansson et al.)
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SHEBAR:

Underwater noise

Noise Energy

= Shipping noise sources description _
f from Ships
= Sound propagation modelling

Impacts to marine life

Noise impact fish experiment

April 2014
63 Hz band

Noise mtiv IJltell|. 63Hz Cell area at center: 0.99%km"2

a &, 3 2. 3, 7 I 2 b4 6, 8 1 b 2 2 2 3 9 E4 3
-0 s 760 2‘?00 1’00 '0€ﬁ5-8€#\‘.8€1&5'JEﬁS'leiS."€$5"€$6"'Eis.&ei"Jsf"aeio-‘qeﬂ‘.lei"9316--72.46

in J per grid cell (0.9 km?,scale 0to 5.6 E+6 J
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Integrated assessment
of economical, societal, ecological impacts

— DPSIR framework for shipping

Policy-optionso

=  Abatement costs estimation

#1-Sea-grass'protection::Restrictions-on-number-of-boats‘mooring-in-certain-areas-and-better-
enforcementt

#2'Speed regulation:-Zoning-and-maximal-speed-(Baltic-wide)

S h a re Of a b ate m e nt COStS Of Wate r e m IS S I O n S #3-Excluding-the-noisiest:ships-/limits-on-average-noise-leveln

#4-Promotingbiocide-free-anti-fouling-paint-and-alternatives-{researchfunding, financial-support- |

(17 %; copper dominant) lower than costs of air forplotsa
. . . #5-Reduced limits-for-biocidal-release-rate-for-anti-fouling-paintsx :
e m ISS I O n S (8 3 % y N OX d O m I n a n t) ﬂE-Guidance-on-integration-nf-antifouling-paints-in-river-:::in-management-plans-(RBMPs]-and- :

national'marine-strategiesn

= Policy options

.wmoting-u.. LErEY'SOUrces, €.g. mu.
list of 20 policy options established Al mitsonmethanesiy, _engnes{duetoincompletecombustio,
. . #12:Promoting-use'of-electric:powerforrunningthe-engine:(battery—driven)x
ranklng IN progress (based on survey and expert elicitation) N ——
#14-Green-port-fees:linkedto-ship-emissions/pollutantsa
#15:-Introduction-of-national-fairway-dues:(charges)-which-are:linked-to-ship-emissions/pollutantst :

#16-Initiatives-to-simplify-proceduresin-ports,-e.g.-use-of-communication-toolsto-adjust-speed-to- |
. arrive-in-ports-2
- I m p a Cts / S y n t h e S I S #17-Promote-vessel'scrapping-torreducerenvironmental-impacts-of-fleets(financial'support)a
#18-Establish-PM:(including-black:carbon)-emission-standards-for:shipsd
#19-implementation-of-a-C0O,-tax-for-shippings

health, ecosystem impacts (risks, critical loads)

#20-Establishing-of-an-emission-trading-scheme-for-greenhouse-gases-from-shippingx

work in progress List of 20 policy options (Tréltzsch et al.)
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SHEBAR

Closing remarks

= SHEBA was really a multidisciplinary project, many perspectives

= Achivements:
— extensive shipping scenarios
— activity based emission inventories for shipping in the BS

— scenario based calculations of dispersion and impacts of:

® air pollutants ® water pollutants ® underwater noise

= Still many uncertainties !

= Results will be published in international scientific journals

(i.e. special issue ACP, Ocean Science)

= Data will be made available at the end of the project
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City Scale Chemistry Transport Modelling

Example NO, for Gothenburg

All sources Ship contributions (~25 %)

(Ramacher et al.)

also Rostock, Gdansk-Gdyna, Riga with TAPM and City-Chem EPISODE
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Field campaign - S/Y Hrimfare

Measurements in water and air along and in three

transects crossing shipping lanes.

58+

Cruise track
S/Y Hrimfare

» Hydrographic parameters

Salinity
0

N

75

I T-o
65

Lat ("N}

Salinity, temperature, pH, alkalinity

20,0

=  Air measurements $*n
CO,, SO,, NO,, Particles

= \Water measurements

Nutrients, metals, PAH, HC, Particles o / \“-\
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SHEBAR

Scenario building

A SSP5: Fossil fuel-ed

development
+ Rapid growth, free trade
+ High technology

Low technology development

>
Challenge to adaptation

N~
—
- + Environment and social goals 8
o development, arkets |Clash of not a priority ’ =
4&; «  Environment and social first civilisations. Focus on domestic resources =
o goals not a priority: + High population growth £
S IE__ldaDthe; technology-fix +  Slow economic growth dev. &
= + Focus on economic growiae e e - . .. countries o
= PTSsp2: > .
P iy _ iddle of the Road. ”
FdS SSP1:Sustainability SSP4 Inequality 2
T Eto| ssepcratior = Inequality across and =
% » Rapid technology dev. within regions E
= Strong env. policy + Low technology
% = Low population growth a “ development -2
— | Low inequity « Environment priority for S
(O | = Focus on renewables and those that can afford 8
L |- efficiency , + Limited trade g
O |- Dietary shifts Have’s and S
= Forest protection UN world | have not's 2
4

Shipping: present day situation (2014), future (2030 and 2040)
— in accordance with socio-economic scenarios (SSPs*)

BAU / SECA/ NECA, EEDI, Modal shift, Zero into water, Slow steaming, Port installation, LNG ...

Scenario building has been supported by stakeholder consultations and elicitation
21
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SHEBARS

Regulations for reducing ship emissions

20 7 — NO, in Global - Sulphur in Global 7
g - — NO, in ECA (possibility) |
17.0 g/kWh (45*n°2) — Sulphur in Global — Sulfur in EA
BIVONO. Terl 3 l
= - 14.4 g/kWh (44*n°23) Global
£g14° J :
B 1o . 2011 M _
=™
E'vip _
== 10 16iobal: 4.5% > —
% g - 14 &
23 | EEC L B E
m Y 6 413 ¢
w.E 2012 =
o 4 1ecA: 1 5% 9 3.4 g/kWh (9*n°2) in ECAl 2 _|§
1.0% 207 -
2 j 0 : 11 2
TstJuly 2010 0.1% 0.9% >
0 0«
2000 2005 2010 2015 2020 2025 2030

22
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SHEBAR

Ozone from CTM (HZG CMAQ)
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NoNECA (2040) BAU (2040) ppbV
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