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|ntrOdUCt|On MANAGING RISK
A Global warming, acidification and air
pollution are environmental impact Medi a: 060CO2 output fr
categories high on the international much as airline
agenda.
A Consequently, studies have focused on
the CQ, NO, and SQ emissions.
A Itis challenging to quantify ship
emissions, and it is an ongoing
scientific debateregardlng past and
current levels of emissions and impacts
from ships.
A Emission inventories arefandamental http://www.guardian.co.uk/transport/Story/O,,025723,00.htm|
input to evaluate impacts of pollution on L
. i é .tullies suggest that
the environment and human health. maritime emissions are higher than
o . . . . previously thought
A Scientistgely on various emission while other studies not support
inventories when quantifying the these high estimate
impacts and thuguide the policy
makers.
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MANAGING RISK

Introduction and objective

A There is a need fdretter estimatesof ship
emissionsand understanding thipacts
from shipping operations.

A Over several years bogast, present and
future emissions and impact$ave been
studied by experts on international shipping
and emissions (Det Norske Veritas) and
experts on atmospheric transport and
chemistry (University of Oslo, Norway).

A This presentation presents the main results
from this research includingtwo Ph.D.
studied within the area.

(GOB: http://www.gmes-bremen.eu/index.php)
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Ships emit an array of pollutants to air MANAGING RISK

Shippingds|share of

Pollutant global emissions
CO, - Carbon dioxide 2-3%
NO, - Nitrogenous oxides 10-15%
SOy - Sulphur Oxides 4-9%

VOC - Volatile Organic Compounds
Particulates (PM)

Other components
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MANAGING RISK

Emissions To Alr

Past and Present
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Modelling approaches MANAGING RISK
_World fleet data (e.qg. 96,000 ships)
l l World marine
L 4 sales (per
Installed power Engine data Activity data country)

(ship/segment) (ship/segment) (ship/segment)

\ 4 \ 4 l \4

Modelling fuel consumption

\ 4

Emission factors (e.g. CO,, NO,, SO,)

'

Global ship emission inventory (i.e. non-gridded)

\ 4

Global ship traffic densities (e.g. AMVER, COADS)

y

Geographical distributed emissions (e.g. NO,, SO,)

' !

Modelling impacts of ship emissions (e.g. acidification, climate forcing )
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The World fleet VANAGING RISK

A The annual fuel consumption by the fleestioongly affectedby demandfor sea transport,
technical andoperational improvements as well as changes inftaet composition
A The present world fleet is mostly diesel powered and consists of @@®0 shipsabove 100 GT,
with some351 GW of installed power, performing a yearly transport work of al33®00 billion
tonne-miles.
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Emissions modelled from fuel sales MANAGING RISK
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Marine sales of fuel vs. shipping
aCtiVity 19752000 MANAGING RISK

190 The correlation is 0.97,
i.e. the sales depends
180 strongly on yearly
shipping activity
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Activity based modelling

(52,000 ships in 1970 vs. 87,000 ships in 2000)

MANAGING RISK
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Detailed activity based modelling MANAGING RISK

Detailed activity based modelling
for 13 ship types and 7 size
categories.The operational profiles
IS based 01%17,000ndividual ship

>

Fuel consumption

movements. Non-cargo Bulk

A Fuel consumption amounts to some
220 Mt in 2004(incl. port), and Container
represent some 704 Mt GO

A For year2006 fuel consumption is Other cargo

estimated to aroun20 Mt oll, oil Tanker
corresponding to about 832 Mt CO

(91,000 ships above or equal 100 GT)
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Geographical distribution of emissions MANAGING Risk. [T

A About 80% of the maritime traffic is in the Northern Hemisphere, and distributed with 32% in the
Atlantic, 29% in the Pacific, 14% in the Indian and 5% in the Mediterranean ocean.
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Impacts

A

>

>

g

>

The modelling group at University of Oslo have shown that:

NO, concentrations to be more thaoubled
along the major world shipping routes.

Absolute increases surface ozongO,) due

to ship emissions agronounced durlng
summer months with large increases found in
regions with heavy traffic.

Increased ozondevels in the atmosphere are
also of concern with regard to climate change,
since ozone is amportant greenhouse gas

Relative shipinduced contribution are
estimated to be in thenge 5% -35% in wet
depositionof sulphate and nitrate.

Most studies so far indicate that ship emissions
lead to anet global cooling This is different

from other transport sectors. However, it
should bestressed that the uncertainties are e TR
large. Yearly average contribution from ship

traffic to wet deposition of sulphur is
shown.
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HES

DNV

Emissions To Alr

Future
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Future emissions model activity based MANAGING RISK

>

In the Quantify project future fuel
consumption, emissions and
geographical distribution of emissions
for shipping in the years 2025, 2050

Fleet Emissions

= and 2100 has been modeled based
Fleet fiel Emission on four IPCC scenarios.
consumption
P factors A The IPCC storylines are translated

into maritime scenarios exploring
/\ the major factors expected to
determine the development in

Engine power, Engines&Fuels shipping, most notably GDP |
ships in fleet development, environmental policy
Wold trade development and pace of technology
T development.
\(/(\;(E)r:g) economy . Maritime Scenario
i Translation 600
‘ < 50 GDP y
P ———— E 400 - HOHHO.“
. GDP input ~ 2 , /
Setsesreresnnetnntsenieenisntnensennans IPCC Scenaﬂﬂ) World ga
Development S
o
(Info. regarding Quantify: (Source: Det Norske Veritas (2007), Ship Emissions of 0 T T T
http://www.pa.op.dIr.de/quantify/), the future, DNV Rep. No. 2007-1325) 2000 2020 2040 2060 2080 2100
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Future development trends considered,..........

Legislations

SECA-areas

Today
2010

requirements

2020

2030

technology?

2040

-4--- CO2trading, CO2 indexing ---

New IMO, EU, US-EPA

Upcoming requirements for
ships in some cases go beyond,
the limits of emission reduction

possibilities for current
conventional propulsion

Fuel and power types

{ Gas engines

Low sulphur fuel

Biofuel for
marine engines

Fuel cells on gas/methanol
(aux power)

Fuel cells on gas/methanol for
propulsion

Fuel cells on hydrogen (aux.
followed by propulsion)

Wind / Solar / Wave?

Technical and
operational measures
Sea water scrubbing (SOx)

Selective cat. red. (NOx)

Fleet planning,
AJust in ti meo
slow steaming,

weather routing, etc

. Onboard CO2 capture
and storage?
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World Fleet CO2 emissions (Mt)
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High economic
growth, low tech.
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ANNewoO s e projectmns RO25S

(A1-IPCC scenario) o MANAGING RISK

()

DO

Compared to
year 2000:
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