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As expressed in MARPOL Annex VI, the

International Maritime Organization (IMO)

develops and promulgates international

regulation on air emissions from shipping.

Existing and proposed regulatory measures to

reduce air emissions from shipping activities

tend to focus on the use of heavy fuel oil for

ships (‘bunkers’), which have formed the basis

of marine fuel supplies for many decades. Any

changes in legislation on bunker quality will

directly impact on shipping companies and

fuel suppliers, as well as others in the fuel

supply chain and in the transport of goods by

sea. Knock-on effects may also affect land-

based stakeholders. 

This document will discuss the various

aspects of emissions from shipping activities,

such as current and proposed legislation, types

and sources of emissions, as well as abatement

strategies and their consequences, and

stakeholders and their respective views. 

A separate process at the IMO is addressing

the reduction of CO2 emissions from ships. The

IMO Marine Environment Protection Committee

(MEPC) discussed this issue at its fifty-third

session (July 2005). An approved set of the

Interim Guidelines for Voluntary Ship CO2

Emission Indexing for Use in Trials has been

issued as a circular by the MEPC.
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Introduction



MARPOL 93/97 Annex VI was ratified in 2004,

and entered into force on 19 May 2005.

Regulation 13 of Annex VI applies to emissions of

nitrogen oxides, and Regulation 14 applies to

sulphur oxides. The latter establishes a global fuel

oil sulphur ‘cap’ (i.e. the amount of sulphur

permitted in fuel for use in shipping) of

4.5 per cent m/m and the creation of designated

SOX Emission Control Areas (SECAs) in which the

corresponding limit in fuel oil is 1.5 per cent m/m.

Currently only two areas—the Baltic Sea and the

North Sea/English Channel—are designated as

SECAs. The Baltic Sea became a SECA on 19

May 2006, and the North Sea/English Channel

will become one on 22 November 2007. 

Regulation 15 applies to the emission of

volatile organic compounds and Regulation 18

addresses fuel oil quality, particularly record

keeping, fuel sampling and the issue of Bunker

Delivery Notes (BDNs).
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Maritime emissions legislation:
current and proposed



The sustained reduction in emissions from land-

based sources has focused attention on the

relative contribution from shipping when near

coastal areas and in ports. The IMO MEPC

decided in July 2005 to evaluate whether a

revision to Annex VI was required, and the

technical committee assigned by IMO to deal with

this issue—the ‘Bulk Liquids and Gases

Subcommittee’ (BLG)—is in turn discussing the

need for revisions to MARPOL Annex VI with its

member states. BLG is tasked with evaluating

whether a revision to MARPOL Annex VI is

required, and if so, to propose changes. This

process is currently in progress and advice on

revision will be considered by MEPC in July 2007

and in March/April 2008.

If recommendations are agreed by the

member states, new, globally-enforceable

regulations could be introduced as early as 2010.

Meanwhile, on a similar (but not identical)

timescale, the European Union is likely to revise

the European Sulphur in Liquid Fuels Directive.

This review is expected to commence in 2008.

Some countries and ports are also considering

the introduction of port-specific measures to

reduce air pollution, for example Los Angeles,

Tokyo Bay, Hong Kong and Seoul. These

initiatives have prompted a discussion on the

extent to which countries, provinces, cities and

ports can legislate on and control fuel quality

and emission performance of vessels within their

sea areas, in the context of international law. An

overview of the timeline is given in Figure 1.

The requirement of the revision process is to look

at technological capabilities to arrive at practical,

cost-effective solutions to demonstrated problems.

The process will:

● examine available and developing techniques

for reduction of emission of air pollutants;

● review the relevant technologies and

potential for reduction of NOX, and

recommend future limits of NOX emission;

● review technology and the need for

reduction of SOX, justify and recommend

future limits of SOX emission;
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MARPOL
Annex  VI
ratification

19 May 2006

Baltic Sea
SECA 1.5%

November 2007

North Sea SECA 1.5%
2007–2008

Review MARPOL Annex VI

Emissions

trading

19 May 2005

Entered into force
Global sulphur limit 4.5% w/w

Fuel sulphur level on BDN

14 April 2005

EU Parliament passes
Sulphur Directive

1999/32/EC

22 July 2005

Publication of
Sulphur Directive

2005/33/EC

11 August 2006

EU Member States
laws enacted:
• 1.5% in Baltic SECA
• 1.5% for all ferries

calling at EU ports
• Use of abatement

technology as an
alternative to 1.5% fuel

11 August 2007

EU Member States enact 1.5% S
in North Sea and Channel

2004 2005 2006 2007 2008 2009 2010

EU Commission review on:
• further restrictions on sulphur in

marine fuels, possibly down to 0.5%
• additional SECAs
• alternative measures including

proposals on economic instruments

January 2010

0.1% sulphur limit on all marine
fuel used while at berth in ports

● review relevant technologies and the need

and potential for reduction of VOC, and

recommend future control of VOC emission;

● with a view to controlling emissions of

particulate matter (PM), study current

emission levels of PM from marine engines,

including their size distribution and quantity,

and recommend actions to be taken for the

reduction of PM from ships; and, because

the reduction of NOX and SOX emission is

expected to also reduce PM emission,

estimate the level of PM emission reduction

through this route;

● consider reducing NOX and PM limits for

existing engines;

● consider whether MARPOL Annex VI

emission reductions or limitations should be

expanded to include diesel engines that use

alternative fuels and engine systems/power

plants other than diesel engines; and

● review the texts of MARPOL Annex VI, the

NOX Technical Code and related guidelines

and recommend necessary amendments.
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Figure 1: Legislative overview and timeline—IMO and European Union
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The following section outlines the strategy options that are currently being considered by IMO and its

technical committees for the various pollutant classes outlined in this document.

Sulphur oxides

Several SOX abatement proposals have been developed, and they have been grouped into three

strategic options for further consideration by IMO. They are:

● Baseline reference: No change to current regulation MARPOL Annex VI Regulation 14.

● Option B: Reduction of the sulphur level in SECAs to 1 per cent in 2010 and 0.5 per cent in 2015;

optionally a reduction of the global cap could also be added. Alternative proposals combining a

geographic S limitation with a global S cap have been submitted by the USA and BIMCO (options

B1 and B2).

● Option C1: Mandated use of distillate fuels (e.g. diesel/marine gas oil, etc.) with a maximum sulphur

content of 1 per cent as of 2012 and of 0.5 per cent as of 2015; as a variation to this option,

heavy fuel oil use would still be allowed, provided the S limit is met, or equivalent emissions are

achieved through other means (i.e. exhaust gas scrubbing). 

Table 1 compares the positive and negative effects of the options under consideration.

Proposed emission 
abatement strategies

and their consequences

1 The distillate proposal requires:

• Four million barrels per day (MBD) or 200 million tonnes annually (MTA), of marine distillate to replace marine bunker fuel.

• Up to 4-5 MBD of incremental coking capacity and related processing.

… and would lead to:

• The need for construction of  80–100 additional world-scale (~ 50,000 barrels/day) coking projects, including associated refinery
process units (i.e., hydrocrackers, hydrotreaters, hydrogen plants, reformers).

• The scale of construction required would far exceed the capacity of the engineering and construction industry to complete this task
even within a 10-year timescale.

• A by-product stream of coke and sulphur to find alternative markets. The inability to use the heavy fuel oil stream as marine fuel
oil could lead to its use in land based power stations and would bring it into competition with coal.

• A change in market conditions, possibly leading to scarcities and an appreciable rise in the cost of diesel, heating, and aviation
fuels. The impact of this would be most keenly felt in the developing world where embryonic industries rely on this type of fuel for
electrical and industrial power. For shipping in areas near shore, this may result in increased land transport

• Significant impacts on steam ships and ships with large steam plant for cargo handling will need to be addressed. The current
marine boilers are not designed for in-service use of distillate fuels. Any fuel change over, without extensive modifications to fuel
management and combustion systems including furnace combustion equipment, could result in conditions posing a serious safety
threat to marine personnel.
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Table 1: Strategy options for sulphur oxides—comparison of positive and negative outcomes and uncertainties

Baseline Reference: No change to MARPOL Annex VI Regulation 14

Options B1 and B2: Global/area-based standards as proposed by USA and BIMCO

Option B: Reduction of S level in SECAs to 1% in 2010 and 0.5% in 2015 (includes option to reduce global cap)

Positive effects Negative effects Uncertainties

Positive effects Negative effects Uncertainties

Positive effects Negative effects Uncertainties

Positive effects Negative effects Uncertainties

Improvement in air emissions brought about
by the introduction of MARPOL Annex VI
would continue.

Contains mechanisms for demonstrating
the need for additional SECAs or further
reduction in S level based on scientific
justification.

Recognizes that SOX emissions are a
regional issue. SOX emissions at sea are
largely deposited into seawater with minimal
environmental impact.

Focuses on impact of SOX emissions on
the land environment and on human health
rather than gross levels of emissions over water.

Further improvements beyond the levels
achieved by the original regulation would
need to be achieved through the addition of
new SECAs and regional restrictions

Scientific assessment of  the
environmental benefit resulting
from existing SECAs is not yet
available  given their recent
implementation. Therefore the
effectiveness of these measures
is not yet confirmed. 

SOX emissions from ships on a worldwide
basis would be reduced to the level emitted
by burning fuels of sulphur content of
1% m/m or below. The need for SECAs falls
away as, in effect SECA emissions standards
are introduced globally. Vessel fuel systems
for motor ships would be simpler and the
necessity to carry two grades of fuel and to
change over fuels when entering SECAs
would be removed, provided that no stricter
regional/states regulation exists.

In switching to distillate fuels there would no
longer be a marine outlet for heavy fuel oil
streams in the refining process. Unless other
markets (e.g. power industry) would be taking
up these streams, they would have to be
converted to other products through
conversion of heavy fuel oil to lighter fractions
or through use of a desulphurization process to
lower the sulphur content of the fuel oil. 

Both Options C and C2 would require
significant additional fuel processing in
refineries, creating significant amounts of
incremental CO2, seriously impacting national
strategies for reducing greenhouse gas
emissions and requiring large capital
investments. Each option raises concerns about
supplies since each refiner will decide individually
whether to make the costly investment for
producing low-sulphur marine fuels.

The increased CO2 contribution
as a result of processing the
heavy fuel oil stream has not
been quantified. The impact of
intermodal transportation shifts
and the environmental and
socio-economic consequences
of fuel oil competing with coal
for land based electrical power
generation are unknown. 

The magnitude of the impact
to world economies, especially in
the developing world, resulting
from possible scarcities and cost
increases of diesel fuel, have not
been determined.

Appears to ignore significant
cost and global warming impacts
vs. the air quality benefits.

Emission reductions in coastal zones, port
areas and estuaries could be focused on
where emissions reductions have most
beneficial effects.

Similar to Option B but, to a larger extent,
distillate fuel will likely need to be blended to
make sufficient low S available.

Extent of the emission control
zones is not well defined.
Operating engines at very low S
level for extended period of time
may be problematic.

A reduction in the sulphur limit in the two
current SECAs (the Baltic and North Sea)
would reduce the SOX emissions in these
areas. A reduction in the global sulphur cap
of marine fuel would further reduce the SOX
emissions from ships on a worldwide basis.

From an environmental standpoint there are no
foreseen additional negative environmental
consequences. 

From a fuel supply point of view, a lower
SECA S level will imply tighter constraints on
the volume of low S bunker fuel that can be
made available. In particular in the case of a
0.5% S limit, low S distillate fuel will need to
be added in larger quantities to the fuel to
meet the S specification.

The current SECA-related
sulphur limits and global
sulphur cap have only recently
been introduced. Assessments
of the benefits of these
measures have not yet been
completed and therefore the
effectiveness of the measures is
unconfirmed. It is therefore not
yet possible to extrapolate what
the benefits might be of any
further reduction.

Option C1: Distillate proposal—mandated use of distillate fuels with max. S content of 1% as of 2012 and 0.5% as of 2015; and

Option C2: same global caps as Option C, but allowing use of heavy fuel oil with alternative mechanisms to obtain equivalent emissions
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Positive effects Negative effects Uncertainties

Reduction can be achieved with in-
engine design modifications.

Engine efficiency may be reduced resulting
in increased fuel consumption.

The differences in NOX emission
achieved when burning differing fuels in
the same engine.
A limited short duration shipboard
trial has indicated there is no substantial
difference in the NOX emissions when
burning different fuel types. This
conclusion has not been formally verified.
The NOX reductions possible for
steam ships and motor ships with large
steam plant are uncertain.

Exhaust gas modification equipment
has shown positive results in other
industries and is being used on a
number of ferries and smaller vessels.

Equipment may not be fully operational
when engine operates at low speed during
maneuvering.
On-board safety issues handling
urea/ammonia have not been fully addressed.

Environmental need for global reduction
versus geographically limited reduction
needs further evaluation.
Equipment required has not been
evaluated on large commercial vessels,
and further evaluation is needed to
assess its suitability.
A disadvantage of adopting this
strategy would be that it increases the
complexity of marine power plants.

Positive effects Negative effects Uncertainties

Positive effects Negative effects Uncertainties

Emission reduction versus unregulated
emission, without fuel efficiency
penalty.

Table 2: IMO tiered approach to NOX abatement options for new engines—comparison of positive and negative effects

Tier 1: current MARPOL Annex VI

Lower emissions possible with current state
of technology.

Applicability to existing pre-2000 engines

Tier II: reduction of NOx emissions with 2 to 3.5 g/kWh as of 2011

Tier III: Advanced reduction options to become effective in 2015–16 time frame:

• Option X: 80% reduction from Tier I levels within 50 nautical miles from shore

• Option Y: 83-85% reduction from Tier I levels on large vessels only in specific near-shore areas

• Option Z: 40-50% reduction from Tier I levels applicable to all marine diesel engines on a global basis

Nitrogen oxides (NOX)

The IMO is approaching the NOX abatement issue on a tiered basis, i.e.:

● Reductions of NOX emissions provided by changes in marine engine technological advances

(Tier II);

● Further reductions in NOX emissions could be met by exhaust gas conversion units (EGCUs) to

convert NOX into nitrogen before release to the atmosphere (Tier III: three different options under

consideration).

(See Table 2, below.)



Maritime air emissions and MARPOL Annex VI: Strategies and consequences

9

Volatile organic compounds (VOCs)

Two abatement strategy options are being considered by IMO:

● Vapour recovery at load and discharge ports to shore-based treatment facilities. This is accepted

as desirable and signatory governments to IMO have been invited to instigate this control strategy

via MARPOL Annex VI Regulation 15.

● A requirement for an onboard VOC management plan to reduce VOC emissions during operations.

(See Table 3, below.)

Particulate matter

Except for a proposal contained in the USA submittal to BLG 11, no primary strategy for PM

abatement is currently being proposed at IMO. It is viewed that sulphur oxide emission abatement

will address the SOX component of particulate emissions and that heavy non-aerosol particles

such as soot will fall to earth in the vicinity of the emitter. Smaller particles less than 2.5 micron

have decreasing impact as distance from the source increases. Further study is needed to evaluate

health threat from marine PM emissions. The non-SOX particulate matter associated with fuel

combustion will remain regardless of fuel sulphur content unless particulate interception is used. 

Current uncertainties

The difference in particulate emission profiles between marine engines burning HFO and distillate

fuels has not been well established. The PM size distribution as a function of fuel type used is not

very well understood. Also, particulate matter chemistry of large marine engines has not been

studied in detail.

Positive effects Negative effects Uncertainties

Possible conflicts and safety concerns
with existing cargo handling procedures
and guidance.

Positive effects Negative effects Uncertainties

Table 3: IMO VOC reduction options—comparison of positive and negative effects

Vapour recovery at load and discharge ports, to shore-base treatment facilities

Requirement for an onboard VOC management plan to reduce VOC emissions during operations

Recovery of VOCs at load and
discharge ports would contribute to the
most effective means of reducing VOC
emissions. At load ports the volume of
VOCs released is approx equal to the
tank volume filled with cargo.

Investment likely not cost effective in facilities
with low turnover.

The cost of fitting vapour recovery
facilities at load ports.
Local environmental needs may differ.
Regulatory competence with Member
State authorities.

Practical on-board measures and
guidance to ships’ staff on minimizing
VOC emissions.

Difficult to quantify expected improvements.



Where permitted, emissions trading is a tool that can be used between vessels to both meet

environmental objectives and increase cost-effectiveness. Essentially, credits are traded between

vessels that can meet or better the in-SECA requirement (e.g. through the use of scrubbing)

and vessels that cannot. There is a tacit (and in some cases an explicit) acceptance of emissions

trading in both the IMO and EU legislative processes. The Sulphur Emissions Abatement and

Trading (SEAaT) group, set up between two major oil companies and several shipping

companies, recently carried out a pilot exercise to explore the principles of

offsetting of sulphur emissions within a SECA. The pilot

used a control group of seven international shipping

companies and 58 participating vessels to

demonstrate that a data gathering scheme could

operate in a SECA.

The pilot demonstrated that the cost of

compliance (i.e., achieving the prescribed

environmental standard) through offsetting

can be significantly reduced compared with

compliance through all vessels burning

low-sulphur fuel.
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Emissions trading
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Table 4: Interpreted positions of a selection of stakeholders

OCIMF ● Supports thorough and appropriate studies.
● Proposes definition and execution of appropriate study within three years.
● Supports change when need is justified.
● Recommends following the existing SECA process outlined in MARPOL Annex VI Appendix 3.
● Supports progress on NOX reduction strategies for new ships.
● Does not support NOX reduction measures being applied to existing engines.

Intertanko ● Proposes a ‘distillate only’ strategy to address reduction of sulphur in fuel.
● Proposes a global SECA concept with an eventual reduction in sulphur in fuel content to 0.5%.
● Proposes a defined fuel standard to be included in the revision of MARPOL Annex VI.
● Believes particulate matter emissions reductions will automatically be addressed by the switch

over to distillate fuels.

United States EPA ● Supports the development of stringent international fuel standards.
● Proposes emissions (SOX, NOX and PM) control areas for selected coasts around the world.
● Proposes a goal-based approach which would require either 0.1% sulphur distillate fuel or SOX

scrubber abatement strategies implemented by 2011 in coastal waters.
● Asserts PM is a serious threat to public health. 
● Proposes NOX reductions for both new and existing engines.
● Asserts marine vessels are a significant source of primary and secondary PM, SOX and NOX.
● Considers emissions from ships to be a great concern in deep water ports in the USA.

Norway ● Proposes a global switch to distillate fuels only (0.5% mm sulphur) by 2015.
● Promotes the concept of VOC plans to reduce VOC emissions.

ICS ● Supports reductions of sulphur in fuel for SECAs to 1%.
● Recommends the global sulphur cap reduction proposal to be examined.
● Looks for a balanced global approach with shipping emissions reductions balanced against

increased emission elsewhere.

IPIECA ● Supports the existing structure of MARPOL Annex VI which contains a global cap and SECAs with
a 1.5% sulphur level for those areas that can justify need.

● Supports change with justification and based on realistic time frames.
● Predicts that conversion to distillates will significantly increase greenhouse gases (GHGs) from refineries.
● Supports performance-based standard that allows for on-ship controls or other means to achieve

emissions reductions.
● Has doubts about the refining industry’s ability to be able to cope with a total switch to distillate

fuel by the shipping industry in time-scales currently being proposed.

BIMCO ● Supports a differentiated multi-speed approach.
● Proposes distillate fuels in SECAs, port areas, estuaries and certain distances from shore.
● Supports using higher sulphur fuels when at sea.
● Proposes gradually reducing the global cap: 3% in 2012 and 1.5% in 2016.
● Proposes gradually reducing the sulphur content of distillates for SECAs etc. to 1.0% in 2011

and to 0.5% by 2015.
● Supports the use of alternatives to achieve equivalent emission reductions.

Interpreted positions
of a selection of stakeholders

Table 4 compares and contrasts the interpreted position of key stakeholders—principally through analysis

of their submissions to IMO.



World shipping is already remarkably

environmentally efficient, for example carrying

90 per cent of world trade but emitting only

10 per cent of the world’s transport-related

greenhouse gas emissions. The petroleum

industry supports the existing structure and

emission control approach of MARPOL Annex VI

which contains a global cap and SECAs with a

1.5 per cent sulphur level for those areas that

can justify a need for additional reductions based

on a scientific analysis and cost effectiveness. A

radical restructuring of this process should not

be undertaken at this time without scientific and

economic justification. The existing SECA

concept is performance-based: this allows for

the most cost-effective solution, whether based

on the fuel, the ship or a combination of the two. 

Prescription of specific technologies should

be avoided, with quality specifications and

requirements being based on those parameters

that minimize emissions, rather than the method

of their manufacture. 

The Refining industry is willing to participate

in a process at IMO—with other stakeholders

(e.g. marine engine manufacturers)—to analyse

the need and justification for a lower SECA

sulphur limit and the impacts on supply and

emissions, including lifecycle CO2 emissions, in

order to determine if and when the level of

sulphur should be reduced, or if other alternative

emission controls are more appropriate. A first

step in this process would be to assess the

effectiveness of the two existing SECAs. The cross

Government/Industry Scientific Group proposed

by IMO's Secretary General Efthimios Mitropoulos

at the BLG 11 meeting in April 2007 should be

able to address these issues. The refining industry

therefore supports this initiative and is ready to

provide its contribution to this study effort.
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Contact directory:
oil and fuel industry associations

American Petroleum Institute (API)

1220 L Street NW, 
Washington
District of Columbia, DC 20005
United States of America
Tel: +1 202 682 8000
Website: www.api.org 

The Oil Companies Association for

Clean Air and Water in Europe

(CONCAWE)

Boulevard du Souverain 165
B-1160 Brussels
Belgium 
Tel: +32 2 566 91 04
Fax:  +32 2 566 9111
Website: www.concawe.org

Canadian Petroleum Products

Institute (CPPI)

1000-275 Slater
Ottawa, Ontario
Canada, K1P 5H9
Tel: +1 613 232 3709
Fax: +1 613 236 4280
Website : www.cppi.ca 

European Petroleum Industry

Association (EUROPIA)

Boulevard du Souverain 165
B-1160 Brussels
Tel:  +32 2 566 9104
Fax:  +32 2 566 9111
Website: www.europia.com

The International Bunker Industry

Association (IBIA)

Ground Floor, Latimer House
5–7 Cumberland Place 
Southampton, Hampshire SO15 2BH
United Kingdom
Tel:  +44 (0)23 8022 6555
Fax: +44 (0)23 8022 1777
Website: www.ibia.net 

International Petroleum Industry

Environmental Conservation

Association (IPIECA)

5th Floor, 209–215 Blackfriars Road
London SE1 8NL, United Kingdom
Tel:  +44 (0)20 7633 2388
Fax: +44 (0)20 7633 2389
Website: www.ipieca.org 

Oil Companies International 

Marine Forum (OCIMF)

27 Queen Anne’s Gate,
London SW1H 9BU
United Kingdom
Tel:  +44 (0)20 7654 1200
Fax: +44 (0)20 7654 1205
Website: www.ocimf.com



against

Oil Pollution

Oil Companies International Marine Forum (OCIMF)

27 Queen Anne’s Gate, London SW1H 9BU, United Kingdom

Tel: +44 (0)20 7654 1200    Fax: +44 (0)20 7654 1205    Website: www.ocimf.com

International Petroleum Industry Environmental Conservation Association (IPIECA)

5th Floor, 209–215 Blackfriars Road, London SE1 8NL, United Kingdom

Tel: +44 (0)20 7633 2388    Fax: +44 (0)20 7633 2389    Website: www.ipieca.org
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