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1. Introduction

11 Purpose of this report

This report has been prepared by Entec for the Maritime and Coastguard Agency and is intended to provide
information that will help in understanding the likely impacts of the revised MARPOL' Annex VI Regulations
adopted in 2008>.

The report is expected to be used in support of an Impact Assessment for the revised MARPOL Annex VI
Regulations. It is also expected that this report will be used in consultation with relevant stakeholders to implement
the amendments of the revised MARPOL Annex VI Regulations. The report has been prepared for use by the
MCA and does not constitute advice to any third party.

The report includes assessment of the possible costs and benefits of implementing the regulations. The results and
data used in their preparation are based on various assumptions and are subject to a number of uncertainties. These
are set out in the relevant parts of this report. The methods used are based on nationally or internationally agreed
approaches (where such agreed approaches are available) and the analysis has been based predominately on data
available from a range of existing sources. It should be noted that this report includes information on DECC
projections of crude oil price scenarios’ that were published with the Spring 2009 fossil fuel price forecasts.

12 Problem definition

Emissions from ships make a significant contribution to air pollution, as demonstrated by previous studies of
emissions estimates for ship movements in Europe. In particular, ships are major sources of sulphur oxides (SOy)
and nitrogen oxides (NOy) which lead to acidification and eutrophication as well as the formation of ground level
ozone and particulate matter (PM), thus causing a range of environmental and health impacts.

Shipping is a special case since the emissions are, for the most part, outside of UK control but impact on human
health and the environment within the UK. As UK land-based emissions of SOy, NO, and PM are being reduced,
those from shipping are increasing. According to the Impact Assessment accompanying the Thematic Strategy on

! International Convention for the Prevention of Pollution from Ships

2 MEPC 58/23/Add.1, ANNEX 13, Resolution MEPC.176(58), Adopted on 10 October 2008, amendments to the
Annex of the Protocol of 1997 to amend the international convention for the prevention of pollution from ships,
1973, as modified by the Protocol of 1978 relating thereto (Revised MARPOL Annex VI).

* DECC, (May 2009), ‘Communication on DECC fossil fuel price assumption’. (Available from
http://www.berr.gov.uk/files/file51365.pdf)

© Entec UK Limited
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Air Pollution®, unless further action is taken, emissions of SO, and NOy from the maritime sector could surpass
total emissions from land-based sources by 2020. Not only may this negate improvements in reducing pollutant
emissions achieved within the UK, but a reduction of shipping emissions could be far more cost-effective than
taking further action to reduce UK land-based emissions.

The International Maritime Organization (IMO) and the European Commission have already taken actions to
reduce emissions of air pollutants from shipping. Firstly, the IMO has introduced regulations, such as Annex VI of
the International Convention from the Prevention of Pollution from Ships (MARPOL 73/78) that sets limits on SO
and NOy emissions from ship exhausts and prohibits deliberate emissions of ozone depleting substances. Secondly,
the European Commission has adopted a strategy to reduce atmospheric emissions from seagoing ships. One result
of the Commission’s strategy was the Sulphur Content of Marine Fuels Directive (SCMFD)’, which is linked to
MARPOL Annex VI and sets limits on SO and NOy emissions from ship exhausts.

The Marine Environment Protection Committee (MEPC) is the IMO’s senior technical body on marine pollution
related matters. In April 2008, MEPC approved proposed amendments to the MARPOL Annex VI Regulations to
reduce harmful emissions from ships. MEPC unanimously adopted the amendments to Annex VI and the NO,
Technical Code® when it met for its 58" session (from 6 to 10 October 2008)”. These amendments set more
stringent limits on SOy and NOy emissions from ship exhausts than the existing Annex VI.

The revised Annex VI will enter into force on 1 July 2010, under the tacit acceptance amendment procedure. Thus,
the UK needs to transpose the provisions of the revised regulations into national legislation. This report therefore
includes details of an assessment of the additional impacts of introducing more stringent limits on SOx and NOx
emissions from ship exhausts, as set in the revised MARPOL Annex VI Regulations.

* http://ec.europa.eu/environment/archives/air/cafe/pdf/ia_report en050921 final.pdf

> Directive 2005/33/EC of the European Parliament and of the Council of 6 July 2005 amending Directive
1999/32/EC as regards the sulphur content of marine fuels. OJ L 191/59, 22.7.2005.

% The NOx Technical Code was first adopted at the same time as the original Annex VI was added to MARPOL
73/78. The aim of the NOx Technical Code was to establish mandatory procedures for the testing, survey and
certification of marine diesel engines, in order to enable engine manufacturers, ship-owners and Administrations to
ensure that all applicable marine diesel engines comply with the regulation.

7 http://www.imo.org/Newsroom/mainframe.asp?topic_id=1709&doc_id=10262

© Entec UK Limited

Doc Reg No. 24870 July 2009



Entec

Creating the environment for business

13 Policy background

13.1 MARPOL Annex VI Regulations

The International Maritime Organization (IMO) Regulations for the Prevention of Air Pollution from Ships were
adopted in the 1997 Protocol to MARPOL 73/78 and are included in Annex VI of the Convention, which entered
into force in May 2005. MARPOL Annex VI sets limits on SOx and NOx emissions from ship exhausts. It
includes a global cap of 4.5% by mass on the sulphur content of fuel oil and also set provisions allowing for special
Sulphur Emission Control Areas (SOx ECAs, ‘SECAs’) where either the sulphur content of fuel oil used on board
ships must not exceed 1.5% m/m, or ships must fit technologies to achieve equivalent SOx emissions. Limits on
emissions of NOx from diesel engines are also set. The Baltic Sea is designated as a SECA in the Protocol and the
North Sea was adopted as a SECA in July 2005 (the North Sea SECA entered into force on 21% November 2006, to
be fully implemented 12 months later, on 22" November 2007).

13.2 Sulphur content of marine fuels directive

The SCMF Directive entered into force on 6™ July 2005, amending the existing Sulphur Content of Liquid Fuels
Directive (SCLFD)®. The SCMFD is linked to MARPOL Annex VI and sets the maximum permissible sulphur
content of marine fuels used in SECAs. The main elements of the Directive include:

1) A 1.5% sulphur limit for fuels used by all ships in the SECAs of the Baltic Sea, from 11" August 2006,
and the North Sea and English Channel, from either 11"™ August 2007 or 12 months after the entry into
force of the International Maritime Organisation designation, whichever is the earlier;

i) A 1.5% sulphur limit for fuels used by passenger vessels on regular services between EU ports, from 11"
August 2006; and

i) A 0.1% sulphur limit® on fuel used by inland waterway vessels and by seagoing ships at berth in EU
ports, from 1% January 2010.

¥ Council Directive 1999/32/EC of 26 April 1999 relating to a reduction in the sulphur content of certain liquid fuels and
amending Directive 93/12/EEC. OJ L 121, 11/05/1999 p.13-18.

? The 0.1% sulphur limit on fuels used by inland waterway vessels and ships at berth does not apply to:
a) Ships due to be at berth for less than two hours according to published timetables.

b) Inland waterway vessels that carry a certificate proving conformity with the International Convention for the Safety
of Life at Sea, 1974, as amended, while those vessels are at sea.

¢) Ships which switch off all engines and use shoreside electricity while at berth in ports.

© Entec UK Limited
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As an alternative to the use of low sulphur marine fuels to comply with Articles 4a and 4b of the Directive,
Member States can ‘... allow ships to use an approved emission abatement technology, provided that these ships
continuously achieve emission reductions which are at least equivalent to those which would be achieved through
the limits on sulphur in fuel specified in [the] Directive’ (Article 4c, paragraph 4).

In addition to the requirements described above, the European Parliament has negotiated a review of the Directive
in 2008 requiring the Commission to consider a second phase sulphur limit of 0.5% in fuel (dependent upon
progress at the International Maritime Organisation). The Commission is also required to consider the designation
of additional SECAs and alternative or complementary measures.

14 Policy objectives and intended effects

The revised MARPOL Annex VI Regulations will enter into force on 1* July 2010, under the tacit acceptance
amendment procedure. Some of the key provisions include:

e A reduction in the global limit of sulphur content in fuel to 3.5% by mass (from the current 4.5%)
effective from 1% January 2012; then to 0.5%, effective from 1** January 2020 subject to a feasibility
review to be completed no later than 2018);

e A reduction in sulphur limits for fuels in SOx ECAs to 1%, beginning on 1 July 2010 (from the current
1.5%); being further reduced to 0.1%, effective from 1% January 2015; and

e Tiered reductions in NOy emissions from marine engines (with the most stringent controls on "Tier
III" engines, i.e. those installed on ships constructed on or after 1* January 2016, operating in
Emission Control Areas).

The revised Annex VI will also allow for Emission Control Areas (ECAs) to be designated to limit emissions of
SOx, particulate matter or NOX, or all three pollutant species, from ships subject to a proposal from a Party or
Parties to the Annex which would be considered for adoption by the IMO if supported by a demonstrated need to
prevent, reduce and control one or all three of those types of emissions from ships”

Guidelines for the development of a Volatile Organic Compound (VOC) management plan were also adopted”
More specifically, crude oil tankers will be required to implement and have on board an approved VOC
Management Plan. In addition to this, shipboard incineration of sewage sludge and sludge oil that has not been
generated on board the ship and exhaust gas cleaning system residues is prohibited. Finally, ships (=400 gross
tonnage), platforms and drilling rigs that need to have an International Air Pollution Prevention Certificate and
which have rechargeable systems that contain ozone depleting substances are required to maintain a list of
equipment containing ozone depleting substances and maintain an Ozone Depleting Substances Record Book.

Appendix H of this report describes in more detail some of the key requirements (with regards to NOy and SOy
emissions) of the revised regulations.

© Entec UK Limited
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2. Policy Options

For this IA the following policy options (scenarios) have been considered:

e Option A: ‘Do nothing’ - this represents the status quo or business as usual situation and includes the
existing MARPOL Annex VI Regulations and the Sulphur Content of Liquid Fuels Directive
(1999/32/EC), which are already in place in the UK; and

e Option B: ‘Full implementation’ - implementing all the requirements of the revised MARPOL Annex
VI Regulations.

Two additional options have been discussed with the MCA, but it has been agreed that these will not be further
considered for this study. These options discussed but discarded are:

e Option C: - ‘Partial recommendations’ option. This would add flexibilities to MARPOL Annex VI
amendments, for instance time derogations. (Under the MARPOL Annex VI amendments, the
requirement for fuels with 0.5% of sulphur is expected to be effective from 1 January 2020. However
this is subject to a feasibility review on the supply of low-sulphur fuel to be completed no later than
2018. Therefore, as a result of such a review, timescales for the implementation of the 0.5% sulphur
limit could be extended).

e Option D — ‘Go beyond the requirements of the proposed amendments’ option. MARPOL Annex VI
amendments set stricter NO, emission standards (i.e. Tier III standards) that apply to NO, ECAs.
Currently, there are no defined NOy ECAs. Therefore, this option would investigate the impacts of a
potential future designation of NO, ECAs.

The table below provides a summary of the key provisions of the current UK / EU and international legislation
(Option A) as compared to the ‘Full implementation’ scenario (i.e. the revised MARPOL Annex VI Regulations)
under Option B. Sections 1.3 and 1.4 of this report provide more detailed information on the requirements under
each option.

© Entec UK Limited
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Table 2.1 Summary of key differences in provisions of the ‘Do nothing’ scenario and the ‘Full implementation’
scenario
Option A Option B
(‘Do nothing’) (‘Full implementation’)
All vessels A global cap of 4.5% m/m on the sulphur content of fuel A g;lobal cap of 4.5% m/m on the sulphur content of fuel
oil." prior to 1 January 2012.
A global cap of 3.5% m/m on the sulphur content of fuel oil
on and after 1 January 2012.
A global cap of 0.5% m/m on the sulphur content of fuel oil
on and after 1 January 2020.
All vessels A cap of 1.5% m/m on the sulphur content of fuel oil A cap of 1.5% m/m on the sulphur content of fuel oil prior
operating within applicable to vessels operating in the Baltic Sea from 11" to 1 July 2010.
a SOx ECA August 2006, and in the North Sea and English Channel o :
from 11" August 2007 (SCMF Directive implementation A cap of 1% m/m on the sulphur content of fuel oil on and
dates) after 1 July 2010.
A cap of 0.1% m/m on the sulphur content of fuel oil on
and after 1 January 2015.
Passenger A 1.5% sulphur limit for fuels used by passenger vessels N/A
vessels on regular services between EU ports, from 11th August
2006
Vessels at berth A 0.1% sulphur limit on fuel used by inland waterway N/A

Marine diesel
engines
(Emission limit
values are
presented in
Table H.30)

vessels and by seagoing ships at berth in EU ports, from
1st January 2010 (specific exemptions apply)

For marine diesel engines with a power output of more
than 130 kW installed on a ship on or after 1 January 2000
and marine diesel engines with a power output of more
than 130 kW which undergo a major conversion on or after
1 January 2000 (exceptions applicable), Tier | NOy
emission standards, from the existing Annex VI, apply.

From July 2010, for marine diesel engines with a power
output of more than 130 kW installed on a ship and marine
diesel engines with a power output of more than 130 kW
which undergo a major conversion on or after 1 January
2000 (exceptions applicable) the following apply:

. NOy emission standards for engines with power
output >5,000kW and a per-cylinder displacement
>=90 litres installed on a ship constructed between
1/1/1990 and 31/12/1999;

. Tier | NOx emission standards for engines installed
on ships constructed between 1/1/2000 and
31/12/2010, or which undergo a major conversion
between these dates;

. Tier 1l for engines installed on ships constructed
between 1/1/2011 and 31/12/2015, or which undergo
a major conversion between these dates; and

. Tier Il NOx emission standards for engine installed
on ships constructed on or after 1/1/2016, or which
undergo a major conversion on or after this date.
Only applies to ships operating in an Emission
Control Area. Does not apply to craft of length <24m
designed and used for recreational purposes.

' Fyel oil is defined as any fuel delivered to and intended for combustion purposes for propulsion or operation on
board a ship, including distillate and residual fuels.

Doc Reg No. 24870

© Entec UK Limited

July 2009



Entec

Creating the environment for business

3. Overview of Potential Policy Impacts

3.1 Understanding the impacts under the ‘Do nothing’ scenario

As described above, the ‘Do nothing’ scenario assumes no changes to the legislation already in place and
associated requirements already in place or committed to, i.e. the ‘Do nothing’ scenario assumes implementation of
the 1997 MARPOL Annex VI Regulations and the SCMF Directive.

The main impacts under the Do nothing scenario would be that the UK would not meet its international
commitments with the IMO. This may give UK flagged ships and ships transiting through UK controlled waters a
short lived economic advantage, which would be eroded as high sulphur fuels become unavailable internationally
and as non-compliant ships operating internationally are detained by port States, potentially resulting in costs
incurred that may be higher than the costs of compliance. In addition to this, other impacts may occur such as
described in the final RIA of the implementation of Annex VI (Regulations for the Prevention of Air Pollution from
ships)'!, including loss of UK flag status, loss of the UK position at the top of the Paris Memorandum on Port State
Control’s white list, and general damage to the UK’s reputation.

3.2 Geographic coverage of the ‘full implementation’ scenario

The revised MARPOL Annex VI Regulations set a reduction in the global sulphur cap in fuel and tiered reductions
in NOx emissions from marine engines. Therefore, the geographical coverage of the regulations is global. In
addition to this, the revised MARPOL Annex VI Regulations set a reduction in sulphur limits in fuel in SOy ECAs,
i.e. the Baltic Sea, the North Sea and the English Channel. The geographical boundaries of the SOy ECAs are
shown in the figure below.

" http://www.opsi.gov.uk/si/si2008/em/uksiem 20082924 en.pdf
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Figure 3.1 Geographical boundaries for the Baltic Sea SO ECA and the North Sea and English Channel SO ECA™
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33 Sectors and groups affected under the ‘full implementation’
scenario

The following sectors and groups are likely to be affected by the revised MARPOL Annex VI Regulations:

e Shipping operators. Shipping operators and / or ship owners will generally be significantly affected by
the revised MARPOL Annex VI Regulations, primarily as a result of the sulphur caps that require the
use of different fuels (with a lower sulphur content) and / or the installation of abatement technologies.
The potential impacts of the regulations on the shipping sector are further discussed in section 3.5.1. It
should be noted that inland waterway vessels will not be affected by the revised MARPOL Annex VI
as these vessels already need to comply with a sulphur content of 0.1% from 2010 onwards as a result
of the SCMF Directive;

e Petroleum refineries. Additional investments or modifications at refineries may be required in order
for refineries to provide the required amount of distillates needed to meet the revised MARPOL
Annex VI Regulations and also to use or dispose of the excess amount of heavy fuel oil and residual
oil produced. The potential impacts of the regulations on the refinery sector are further discussed in
section 3.5.2;

"2 http://www.dnv.com/binaries/flyer marpol _seca tcm4-278353.pdf

Page 8
Doc Reg No. 24870 July 2009

© Entec UK Limited



Entec

Creating the environment for business

e Bunker suppliers, traders and brokers. Bunker suppliers provide the storage capacity for the different
fuel types and the supply services to ships. As such, there are unlikely to be any significant impacts
due to the revised MARPOL Annex VI Regulations. However, it is anticipated that there may be
some disruption to supplies due to logistical issues. The point of supply may shift if the local supply
industry is unable to satisfy demand. For instance, a recent IMO study references a Dutch study that
suggests that the Rotterdam bunker market may not be able to develop a similar position in import,
export and bunkering of distillate shipping fuels as it holds today in residual fuels". In addition to
this, bunker suppliers may have to make certain operational changes, for instance on the way that they
source fuels (they may need to source fuels from different refineries that may result in negotiating new
contracts) and the way they price fuels;

e Abatement equipment suppliers. As described above, as a result of the revised MARPOL Annex VI
Regulations, ship operators will have to use different fuels that meet the sulphur cap and / or fit
abatement technologies. Therefore, providers of technologies such as scrubbers will also be affected
by the revised MARPOL Annex VI Regulations. It is expected that abatement equipment suppliers
may benefit from the regulation, as the demand for their products may increase;

e Marine diesel engine manufacturers. As a result of the NOx emission standards (including Tier I and
II standards) set in the revised MARPOL Annex VI Regulations, engine manufacturers may need to
design new engines so that these meet the new requirements. It is anticipated that engine
manufacturers should be able to meet the new NOx emission standards easily, if they are not doing
this already (based on discussions with key stakeholders, summarised in Appendix C, section 3, point
29); and

e Competent authorities, in particular the Maritime and Coastguard Agency and the Environment
Agency (and also potentially port authorities). The Maritime and Coastguard Agency is responsible
for transposing and enforcing the revised MARPOL Annex VI Regulations in the UK, including the
additional requirements related to enforcement (see Section 3.4 for details). Therefore, the revised
MARPOL Annex VI Regulations may result in additional administrative burden. In addition to this,
the Environment Agency may also be affected by additional administrative tasks, especially if the
regulations lead to upgrades and / or expansions / unit additions at UK refineries.

34 Enforcement

The revised MARPOL Annex VI Regulations will be enforced by the Maritime and Coastguard Agency in the UK.
The Maritime and Coastguard Agency is responsible for certifying a ship’s compliance with the requirements of the
revised MARPOL Annex VI if it is registered (flag state) with the UK Ship Register.

After an initial or renewal survey, the ship is issued with an “International Air Pollution Prevention Certificate”,
which is valid for up to five years. Compliance with the provisions of Annex VI is determined by intermediate and

% IMO (2007), Revision of MARPOL ANNEX VI and the NOx Technical code, Input from the four subgroups and
individual experts to the final report of the Informal Cross Government/Industry Scientific Group of Experts Note
by the Secretariat, Sub-committee on bulk liquids and gases, 12th session, Agenda item 6, 28 December 2007
http://www.endseurope.com/docs/80213b.pdf
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annual surveys. When a ship is in a port or an offshore terminal under the jurisdiction of another country, it may
become subject to inspection concerning operational requirements under Annex VI by officers duly authorized by
this country, who can detain the ship if the inspection concludes that there is significant non-compliance. Table 3.1
below presents the additional requirements related to enforcement of the revised MARPOL Annex VI (when
compared to MARPOL Annex VI of 1997). In addition to this, a key additional requirement of the revised NOx
Technical Code 2008 is the Engine International Air Pollution Prevention (EIAPP) Certificates for existing
engines.

Ships under 400 gross tonne (GT) that have engine/s covered by the NOy requirements are not required under
current UK regulations to be issued with either an IAPP certificate or, for domestic ships, a UKAPP. However,
ships under 400GT must still acquire, maintain and retain onboard the EIAPP certificates and technical files
supplied by the manufacturer.

Table 3.1 Key additional requirements of the revised Annex VI related to enforcement, survey, certification and
means of control

Regulation Additions to revised Annex VI compared to original Annex VI

Regulation 15: Volatile Crude oil tankers shall be required to implement a VOC Management Plan which has been approved by the
Organic Compounds administration. The plan, which must be specific to each ship, must at least (1) provide written procedures for
minimising VOC emissions during the loading, sea passage and discharge of cargo; (2) give consideration to the
additional VOC generated by crude oil washing; (3) identify a person responsible for implementing the plan; and
(4) for ships on international voyages, be written in the working language of the master and officers and, if the
working language of the master and officers is not English, French, or Spanish, include a translation into one of
these languages.

Regulation 18: Fuel Oil If a ship is found to be using a fuel which is not compliant with the regulations, the operator must provide a record
Availability and Quality and evidence of attempts to comply (the ship should not be required to deviate from its intended voyage, or delay
the voyage unduly).

35 How affected parties may react to the ‘full implementation’
scenario?

A detailed review of the requirements of MARPOL Annex VI amendments has been undertaken to provide an
overview of the key changes / modifications of the proposed revision to Annex VI of MARPOL. Therefore, the
potential responses by affected stakeholders and their implications have been identified and are described in the
following section. The outcomes from a stakeholder workshop held on 30™ March 2009 have also been considered
(Appendix C).
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3.5.1 Shipping industry

Overall, the MARPOL Annex VI amendments require certain vessels to reduce NOx and SOx emissions, and this
may be done by switching fuels (especially for meeting the SOx requirements), modifying engines (for NOx) or
fitting abatement technology (for SOx and / or NOX) if these vessels are to continue to operate.

NOXx requirements

In terms of NOx emissions, there are currently no defined NOx ECAs and thus the Tier III standards do not apply.
Therefore, end of pipe technology, such as selective catalytic reduction, is not considered likely to be necessary,
unless a NOx ECA is designated.

Overall, the applicable NOx emission standards (i.e. Tier I and Tier II) are less of a concern to the shipping
industry than the requirements for SOx reduction (based on discussions with key stakeholders summarised in
Appendix C). As detailed in Appendix J, for most vessels, the necessary emission reductions will be met under the
‘do nothing’ scenario, considering also the potential uptake of energy efficiency measures, such as waste heat
recovery and turbochargers in order to reduce fuel consumption. Where additional reductions are required, these
can be achieved by developments in engine designs and engine modification measures, such as exhaust gas
recirculation. In the majority of cases, it is expected that the necessary emissions reduction can be achieved by
developments in engine design. Therefore, the majority of the analysis focuses on SOx reductions.

SOx requirements

In terms of SOx emissions, operators are expected to switch fuels, i.e. switch to marine gas oil (MGO), marine
diesel oil (MDO) or liquefied natural gas (LNG) and / or fit scrubbers (sea water scrubbing - SWS) in order to
comply with the revised MARPOL Annex VI requirements. All options are considered technically feasible and it
is expected that operators will choose the most suitable option (and potentially the least cost option) for each
vessel.

Appendix I provides details about the different abatement measures considered for compliance with the revised
MARPOL Annex VI sulphur limits. The most likely measures to be implemented for ensuring compliance with the
revised Annex VI SOx limits are scrubbers and fuel switching to distillates. Installing scrubbers would allow ships
to continue using residual oil (RO)" or low sulphur RO both in and out of SOx ECAs. Switching to LNG is
considered as a potential option for LNG tankers (1% of the total fleet) and for ferries, as repeated port to port
operation means limited infrastructure is required. However, given the small scale of potential uptake of LNG '
and the short/medium term barriers to implementation, reported in Appendix I of this document, the option of

14 Residual oil as defined in ISO 8217:2005, ‘Marine Residual Fuels’.

'3 Appendix I notes the small scale of LNG ferries: the first LNG ferry began operation in 2000, and since then 10
more have begun operation with a further 19 on order.
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switching to LNG has not been considered further. The use of biofuels for compliance is not a likely alternative,
considering that, in our view, the already limited capacity to supply biofuels to meet road transport requirements.
Nevertheless, the Fuel Quality Directive (FQD) adopted in April 2009 permits an increased use of biofuels (up to
10%) from 2011. Industry stakeholders (see appendix C) also assume a limited uptake of LNG and biofuels.

The potential options available to operators to meet the MARPOL Annex VI amendments are shown in Figure 3.2.
Taking an example from the figure, given that a vessel currently uses RO, there are two realistic options to comply
outside a SOx ECA; either continue using RO and fit scrubbers (with an estimated emission reduction efficiency of
around 81%) or switch to use MDO at or below 0.5% sulphur. For a vessel originally using RO, there are three
options to comply within a SOx ECA: fit scrubbers (with an estimated efficiency of around 96%) or switch fuels,
either to MDO at 1.5% sulphur and fitting scrubbers, or to MGO which is compliant with the 0.1% sulphur limit.

Figure 3.2  Potential options for meeting the SOx and PM requirements of the revised MARPOL Annex VI

Vessels currently Non SOx SOx ECAs
using: ECAs in 2020 in 2020

\ 4

This study assesses the impacts of some of the options / compliance responses summarised in Figure 3.2. Section
3.6 outlines the compliance responses of the shipping industry considered in this study.

Finally, the MARPOL Annex VI amendments could also lead to a reduction in shipping activity levels, potentially
also associated with some modal shift from ships to trucks for shorter routes.

352 Other sectors in the fuel supply chain

The revised sulphur content requirements for marine fuels will impact the UK refining industry. Refineries will see
increased demand from the maritime sector for low sulphur fuels and a corresponding reduction in demand for
higher sulphur fuels.

© Entec UK Limited

Doc Reg No. 24870 July 2009



Entec

Creating the environment for business

The introduction of the 1% S limit in SOx ECAs in 2010 is not expected to lead to significant capacity problems
for UK refineries as they already produce low sulphur residual oil (1% S).

The introduction of the 0.1% S limit in SOx ECAs in 2015 will result in ships / operators switching to marine gas
oil, unless widespread adoption of scrubbers takes place. As a consequence, the demand for diesel / gasoil in North
West Europe will increase, which would drive prices up. In any case, the marine fuel demand in SOx ECAs
constitutes only a very small share of global fuel consumption, and would not be enough to drive big investments,
for instance in hydrocracking'.

Finally, the world-wide limit of 0.5% S in 2020 will lead to a global switch to distillates in the maritime transport
sector. Marine fuels represent around 9% of global oil products demand and are expected to increase to around
11% of global demand by 2020. Approximately 80% of the marine fuels demand is met with residual oil and the
shipping industry currently consumes approximately 40% of total residual oil produced. Under the ‘do nothing’
scenario this is expected to increase to 60% by 2020"°. Therefore, the expected global switch to distillates in 2020
will have significant impacts for the refining industry.

In order for refineries to provide the required amount of distillates needed to meet the revised Annex VI
Regulations and also use / dispose of the surplus of (high sulphur) fuel oil produced, refineries could;

e Desulphurise residues;

e Convert residual streams to distillate products (for example by hydrocracking, catalytic cracking,
coking or hydroconversion). Conversion is costly and complex but delivers distillate products
inherently more valuable than residues. For this reason, a study by CONCAWE (2006)"” predicts
better economic prospects for this option than for desulphurisation;

e Adjust the product yield from the crude oil to market needs, e.g. increase the proportion of lighter
fractions during distillation (there is limited scope to apply this option);

e Optimise residue streams segregation (there is limited scope to do this as this may be business as usual
practice in most refineries) and residual fuel blending (again, the scope for this is limited as residual
fuel blending is more likely an option for compliance with the 1% S limit in SOx ECAs in 2010);

e Identify alternative markets for residual oil, e.g. residue gasification for heat and power production;
e Export residual oil - for instance to other refineries that can process / use the fuel — and import

increasing amounts of marine distillates. This option would need to be considered when funding for
desulphurisation or conversion investments is not available'’; and

' Telephone interview with Wood Mackensie on 16 April 2009.

7 CONCAWE (2006) Techno-economic analysis of the impact of the reduction of sulphur content of residual
marine fuels in Europe
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e Dispose of residual oil as waste.

36 The shipping industry’s assumed response to the ‘full
implementation’ scenario

Overall, it is expected that each ship operator will assess the cost effectiveness of the different options to comply
with the revised Annex VI requirements and choose the more cost effective option. Choices will depend on the
type of vessel and the geographical scope of its operations. For instance, for a ship operating primarily in SOx
ECAs, (especially a new ship) the costs of scrubbers may be less than that for fuel switching, as the main cost
component of scrubbers is the initial capital cost of installing the equipment, whilst the operating costs are
relatively small. Another example, could be LNG tankers, where the most practical and cost-effective option for
complying with MARPOL Annex VI amendments may be switching to LNG.

To date, for the potential shipping industry response, the only published information that has been identified
assumes that, in 2020, 10% of vessels currently using residual oil fit scrubbers and the remainder switch to distillate
fuels'. Therefore, this scenario has been the central scenario considered in this study (uptake scenario B as defined
in Section 5.1.4 of this report about uptake scenarios) for estimating emission reductions as a result of the
implementation of the MARPOL Annex VI amendments, as well as when undertaking the costs and benefits
appraisal. It has been assumed that scrubbers will be put in place as a result of the MARPOL Annex VI
requirements in 2020. Prior to 2020 it has been assumed that the preferred option for the shipping industry would
be fuel switching.

Two more scenarios have been considered in this study to reflect the uncertainty associated with the shipping
industry’s response for complying with the revised MARPOL Annex VI. The first (uptake scenario A) assumes
that all vessels switch to low sulphur residual oil or distillate fuels (depending on the sulphur requirements) in order
to comply with the revised MARPOL Annex VI requirements (for all years). The second (uptake scenario C) is
based on the results of a modelling exercise undertaken, assessing the rational economic behaviour of the different
types of vessels, (see Appendix F for details). The results suggest that, by 2020, for all types and sizes of vessels
and for all fuel price premium scenarios, it would make economic sense to invest in scrubbers instead of switching
to distillates. During the period 2010-2015 switching fuels is a more cost-effective option to comply with the new
sulphur requirements. After 2015, SWS starts to become a more economically favourable alternative for most
vessel types and fuel premium scenarios. Accordingly, this scenario assumes that all vessels will switch fuels to
comply until 2015. During the period 2015-2020, only new vessels will install SWS and in 2020 both new and
existing vessels will adopt SWS for compliance. This scenario does not take into account potential barriers to
implementation such as the space requirements of the technology, limited production capacity in the scrubbers
market or aesthetic considerations as detailed in Appendix I.

The findings from the workshop (and a pre-workshop questionnaire) with key stakeholders were inconclusive as
regards the most likely compliance response by the shipping industry and therefore additional scenarios on the
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potential shipping industry response have not been developed based on these. All scenarios considered in this
study are summarised in Figure 3.3.

Figure 3.3 Compliance options considered in this study for meeting the SOx requirements of the revised Annex VI

‘Do nothing’

‘Full implementation’ scenarios

. in 2010 in 2015 in 2020
scenario in 2010
) ) ) 10% )
RO (2.7% S) » RO ((2.7%S) » RO ((2.7%S) 5097 RO (2.7%S) + SWS
0
— ~ @@ —
10%

) O )
RO (1.5% S)* » RO (1% S)* » MGO (0.1% S)* 90% MDO (0.5% S)
~— -~ @@ | —
) — fﬁ )
MGO (0.1% S) > MGO (0.1% S) »  MGO (0.1% S) MGO (0.1% S)
~— -~ ~ @@

Uptake scenario A
*Only Applicable in SOx ECAs Uptake scenario B
Uptake scenario C from 2015
for new vessels and 2020 for

all vessels

It should be noted that RO with a low sulphur content (e.g. 1% or 1.5% S) is generally associated with poorer
quality than that of high sulphur RO (even when this is provided from the same supplier in the same port)"*.
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4. Baseline Definition and Emission Reductions

41 Overview

This section presents the estimates used in this study as a baseline, i.e. the number and type of vessels considered,
as well as the key assumptions and the findings of the calculations to determine the estimated fuel consumption and
emission reductions of the ‘full implementation’ policy scenario.

Appendix D describes in detail the data sources used, various considerations on the approach adopted and the
approach and assumptions used for projecting and adjusting the vessel fleet numbers, fuel consumption and
emission projection estimates in the future for the ‘do nothing’ scenario and the ‘full implementation’ scenario.

42 Assumptions

Entec has recently developed a gridded ship emissions inventory for UK waters for Defra'®. This inventory
represents the most comprehensive ship emissions inventory for the UK and has therefore been used as a basis for
developing the data presented in this section. Appendix D presents a summary of the ship emissions inventory
work undertaken for Defra.

A number of assumptions have been made in terms of the development of emission projections and emission
reductions for the relevant sea areas and ship categories. The key assumptions are detailed below:

e Exact compliance is assumed to be achieved in both policy scenarios. For the ‘do nothing’ scenario,
vessels have been assumed to fully comply with the 1997 MARPOL Annex VI and the SCMF
Directive. For the ‘full implementation’ scenario, vessels have been assumed to fully comply with the
MARPOL Annex VI amendments of 2008;

e For the ‘do nothing’ scenario, vessels required to meet a 1.5% sulphur content in fuels have been
assumed to use low sulphur RO (assumptions on fuel types are described in detail in Appendix D);

e An annual growth factor of 1% in fuel consumed has been applied (as the central case scenario), and
this has been extrapolated to a growth in number of vessels (details are provided in Appendix D). See
section 5.1.2 for the projected fuel savings that take into account the higher energy density of
distillates compared to RO;

e Fishing vessels, bunker barges and tugs have been included in the emissions estimates (where this has
been possible for the study for Defra, i.e. when data on vessel movements was available in the
underlying datasets). It is recognised that there will only be limited numbers of movements by these

'8 Entec (2008) UK Ship emissions Inventory, Final report for Defra, October 2008.

© Entec UK Limited

Doc Reg No. 24870 July 2009



Entec

Creating the environment for business

types of vessels included in the dataset. The coverage of vessels and other facilities (e.g. drilling rigs
and platforms) is discussed in more detail in Appendix D; and

e Ship movements and routings are assumed to be as in 2007.

Furthermore, the geographical coverage of the emission projections and emission reductions has been limited to
within 200 nautical miles of the UK coastline (see Appendix D for more information), extended further East to
ensure a more complete coverage of the North Sea. Therefore this study has not considered the Overseas territories
of the UK such as Gibraltar (Crown Dependencies of the British Isles have been considered, including the Isle of
Man and the Channel Islands).

43 Vessel fleet projections

Information on vessels and / or engines is essential for the appraisal of costs of compliance (especially when
considering costs for technological measures implemented to ensure compliance with the MARPOL Annex VI
amendments). More specifically, the total number of vessels within the Entec (2008)'® study area (i.e. UK waters
as defined in Appendix D), the number of vessels calling at UK ports and the number of the UK-registered trading
fleet operating within the study area are important considerations for determining the total costs to the shipping
industry from the MARPOL Annex VI amendments. Table 4.1 below presents key statistics on total number of
vessels in 2007 and projected numbers in 2020 (the approach for projecting vessel numbers in future years is
summarized in Appendix D). When disaggregation of the data has been required (e.g. number of vessels per vessel
type and size) in the analysis, these have been based on available information in the previous work by Entec
(2008)'%,

Table 4.1 Vessel fleet baseline and projections

Scope Vessel Vessel Vessel Vessel
numbers in numbers in numbers in numbers in
2007 2010 2015 2020

All vessels in the study area as defined in Entec (2008)® excluding

fishing vessels 13,822 14,046 14,419 14,793
Vessels travelling within the study area and calling at a UK port” 7,602 7,725 7,931 8,136
Vessels travelling within the study area thought to have a UK flagb 829 843 865 888

Red Ensign registered vessels ° 1,351 1,373 1,409 1,446

@ The Entec (2008)183tudy states that the total number of vessels travelling within the study area is 14,255. This number is
associated with the 2007 Lloyd’'s MIU Movements dataset (the movements dataset was the basis for estimating emissions and
fuel consumption for the study) and has been provided by Lloyd’s MIU. Therefore, 14,255 vessels are assumed to be involved
in the 399,070 movements within the study area (excluding movements with missing destinations or movements from and to the
same port). It is expected that some of these vessels may be involved in a limited amount of transits within the study area.
Approximately 433 fishing vessels in the study area in 2007 have not been included in the estimates and projections above as it
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has been assumed that these comply with the revised MARPOL Annex regulations under the ‘do nothing scenario’ (i.e. using
MGO).

b Approximately 6% of vessels travellingg within the study area are thought to have a UK flag, whilst 55% of vessels travelling
within the study area call at a UK port1 .

° The MCA has provided data on all trading vessels by registry, parent and owner as at 31 December 2008%°. From a total of
44,887 vessels (2400GT), around 1.3% are registered in the UK and 2.9% are UK-owned?'. The number of red ensign vessels
in future years was increased in proportion to the increases in vessel numbers within the study area.

44 Results of emission reduction calculations

Table 4.2 presents the projected reductions in fuel consumption and emissions under the ‘full implementation’
scenario. Emission reductions for each scenario are given relative to the ‘do nothing’ scenario. Estimates are
provided separately for all vessels across the study area, as well as vessels calling at UK ports and UK flagged
vessels in the study area. These estimates are based on the UK emission inventory study focusing primarily on 200
nautical miles from the UK coastline (Entec, 2008'") and subsequent analysis'’, and have been adjusted for the
purposes of this study (see Appendix D for more information and Appendix L for emission and fuel consumption
estimates for both the ‘do nothing’ scenario and the ‘full implementation’ scenario). The estimates assume an
annual growth rate in fuel consumption of 1%. The estimates also assume that 90% of the residual oil (and low
sulphur residual oil) used will be replaced by marine diesel oil or marine gas oil, whilst the remaining 10% of
residual oil will be used in conjunction with scrubbers (uptake scenario B), in order to ensure compliance with the
revised MARPOL Annex VI Regulations (see Appendix D for more information).

Table 4.2 Fuel consumption and emission reductions in 2020 associated with the ‘full implementation’ scenario -
uptake scenario B

Scope b Fuel

P NO(kt) ~ SO«(kt) ~ COz(kt) PMuo(kt® ot v
All vessels in ‘the study area as defined in Entec (2008) 72 340 1,463 34 457
Vessels within the study area and calling at a UK port 26 118 500 11 156
Vessels travelling within the study area with a UK flag ° 4 17 73 1 23

' Technical Note: Revision of ‘UK Ship emissions inventory study to incorporate MARPOL Annex VI
amendments’, March 2009, Report for Defra.

% Email by Edmund Hughes on 03/04/2009.

*! The statistics presented exclude Crown Dependencies and Overseas Territories. Any regulations that the UK may
implement in order to enforce the revised MARPOL Annex VI requirements will have to be complied with by the
Red Ensign Group which includes Crown Dependencies and Overseas Territories.
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@ Fishing vessels have been considered when estimating fuel consumption and emissions (where possible). However,
reductions presented in the table are not attributed to fishing vessels (as these are assumed to burn MGO).

® Estimates are only presented for PM1o in Entec (2008)18. PM2.5 and PM+o emissions have been derived as a fraction of Total
PM, i.e. primary PM_ s is equivalent to 90% of total PM, and PM is 95% of total PM).

¢ Fuel consumption and emission reductions in 2020 associated with Red Ensign registered vessels (as per 31 December 2008)
have not been presented in the table above as only 61% of these vessels are thought to have transited in the study area in
2007. Movements data available for 2007 have been used in the Entec (2008) study, which form the basis of the estimates in
the study area presented above.

In order to give context to the emissions reductions shown in Table 4.2, Table 4.3 shows the emission and fuel
consumption estimates for vessels travelling within the study area in 2007 and projected for 2020 with no policy
change (Option A).

Table 4.3 Emission and fuel consumption estimates (kT) in the study area in 2007 (Entec 2008)

Scope b Fuel

P NOx (kt) ~ SOx(kt)  CO;(kt) PMio(ktf® oo o W8 o
All vessels in ‘the study area — in 2007 841 356 36,416 32 11,457
All vessels in ‘the study area — in 2020 (option A) 925 385 42,746 51 13,446

Note: The emission reductions are greater than the total emissions of PM10 shown above, as a 1% annual increase in fuel
consumption between 2007 and 2020 is assumed in this project.

Reductions in SO, and NO, emissions are the key focus of the revised MARPOL Annex VI (although reductions in
NOj are not expected to be considerable*?). However, in addition to reductions in SO, and NOy emissions, the
assumption that most vessels will switch from residual oil (and in some cases low sulphur residual oil) to marine
gas oil will also result in reductions in emissions of particulates, NOx and CO, and reductions in fuel consumed.
Measures resulting in a reduction in the sulphur content of heavy fuel oil will also result in a reduction in emissions
of particulates. Finally, measures that result in the uptake of abatement technologies (i.e. scrubbers) will result in a
considerable decrease in particulate emissions, potentially a small decrease in NOx emissions and a small increase
in fuel consumption (~2%) with an associated small increase in CO, emissions.

Table 4.4 presents the reductions in fuel consumption and emissions under the ‘full implementation’ scenario, if a
100% switch to marine diesel oil or marine gas oil is assumed (uptake scenario A) and if a 100% switch to low
sulphur residual oil is assumed for years prior to 2015.

2 Attendees at the stakeholder workshop (April 2009) considered that engine manufacturers are already producing
engines which meet, or are very close to the NOx limits.
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Table 4.5 presents the reductions in fuel consumption and emissions under the ‘full implementation’ scenario, if
100% uptake of scrubbers is assumed (uptake scenario C). Emission reductions for each scenario are given relative
to the ‘do nothing’ scenario. The estimates assume an annual growth rate in fuel consumption of 1%.

Table 4.4 Fuel consumption and emission reductions in 2020, 2015 and 2010 associated with the ‘full
implementation’ scenario ® — uptake scenario A

SEED NOx (kt)  SOx(kt)  CO;(kt) PMyo (kt)° COnsuE‘“p‘i'ion T
2020

All vessels in ‘the study area as defined in Entec (2008) 70 340 1,696 33 530
Vessels within the study area and calling at a UK port 25 118 580 10 181
Vessels travelling within the study area with a UK flag 4 17 85 1 27
2015

All vessels in ‘the study area as defined in Entec (2008) 52 220 1,242 19 388
Vessels within the study area and calling at a UK port © 18 75 418 5 131
Vessels travelling within the study area with a UK flag 3 12 65 1 20
2010°

All vessels in ‘the study area as defined in Entec (2008) 15 75 0 5 0
Vessels within the study area & calling at a UK port® 5 25 0 2 0
Vessels travelling within the study area with a UK flag 1 4 0 0 0

@ Fishing vessels have been considered when estimating fuel consumption and emissions (where possible). However,
reductions presented in the table are not attributed to fishing vessels (as these are assumed to burn MGO).

® Estimates are only presented for PM4o (PM25 and PM1o have been derived as a fraction of Total PM, i.e. primary PM_ s is
equivalent to 90% of total PM, and PMyo is 95% of total PM).

° For the 2010 estimates it has been assumed that the relevant limits / requirements are in place in 2010 for the full calendar
year although the regulations come into force in July 2010.
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Table 4.5 Fuel consumption and emission reductions in 2020 associated with the ‘full implementation’ scenario ® —
uptake scenario C

Scope b Fuel
NO.(kt)  SO«(kt)  COz(kt) PMuo(kt) oo n (kt)

All vessels in ‘the study area as defined in Entec (2008) 96 338 -632 39 -199

Vessels within the study area and calling at a UK port 34 118 -218 13 -69

Vessels travelling within the study area with a UK flag 5 17 -33 2 -10

@ Fishing vessels have been considered when estimating fuel consumption and emissions (where possible). However,
reductions presented in the table are not attributed to fishing vessels (as these are assumed to burn MGO).

® Estimates are only presented for PM1o (PM25 and PM1o have been derived as a fraction of Total PM, i.e. primary PMys is
equivalent to 90% of total PM, and PM1g is 95% of total PM).

Fuel consumption and emission estimates should be viewed in the context of the key areas of uncertainty
(summarised in Entec 2008). One of the key areas of uncertainty when projecting estimates into future years is the
growth assumptions used. For instance, if an annual growth rate in fuel consumption of 0% was assumed,
estimates in 2020 would be 14% lower than those presented above, whilst if an annual growth rate in fuel
consumption of 4% was assumed, estimates in 2020 would be 46% higher. Other key areas of uncertainty include:
the uncertainty associated with the coverage of vessel movements in the Entec (2008) study; fuel type assumptions;
and emission factors used. Emission factors are considered to be £50% uncertain (uncertainty varies significantly
depending on the pollutants considered)'®, and do not take into account efficiency improvements in engines over
time™.

Finally, it should be noted that when undertaking a cost and benefit appraisal (for human health and environmental
impacts) for an Impact Assessment, the impacts on fuel consumption and emissions (as well as fuel consumption
and emission reductions) of the policy under consideration should be fully considered, i.e. this would extend further
than the Entec (2008)"® area. Although it is not possible to quantify the impact on fuel consumption and emissions
for shipping outside the geographic area considered in this study, the effect on costs, emissions and benefits can be
made qualitatively.

The emission of sulphur oxides will reduce outside the study area from 2020 onwards, due to the lower sulphur fuel
requirement for vessels operating outside a SOx ECA (though this reduction will not be in proportion to the

» For example, a study undertaken for the IMO™ estimates that market-driven technology changes may result in

average fleet efficiency savings of 0-4%. In addition to this, a comparison of MAN Diesel (a leading provider of
large-bore diesel engines for marine and power plant applications) published specific fuel consumption estimates
for Tier II compliant engines (variable for different engine types) with those used in the Entec (2008) study (also
variable for different engine types), suggest that the specific fuel consumption estimates used in Entec (2008) are
10% higher. http://viewer.zmags.com/publication/04d73123

© Entec UK Limited

Doc Reg No. 24870 July 2009



Entec

Creating the environment for business

reductions inside a SOx ECA). The precise change in emissions will depend on whether vessel operators continue
to operate scrubbers outside of SOx ECAs. If scrubbers continue to be operated, then emissions of CO2 and NOx
will increase, while emissions of PM and SO, will reduce, but if scrubbers are not operated then emissions will not
change significantly from current levels.

The costs for UK shipping operating outside of the study area will increase from 2020, when the global sulphur cap
is reduced to 0.5% sulphur content in fuels for vessels operating outside SOx ECAs, due to the fuel premium or the
additional fuel costs of operating scrubbers. The reduction in emission of pollutants outside of the study area is not
expected to have a significant impact on the health and environmental benefits accruing to the UK, as they will
have little impact on UK air quality due to their location.
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5. Costs

5.1 Approach

The costs of the ‘full implementation’ scenario have been estimated for the shipping industry and other
stakeholders (petroleum industry and wider society) for 2010, 2015 and 2020.

The approach for estimating compliance costs for the shipping industry (i.e. costs to vessels operating in the Entec
(2008)'® study area, as well as costs specifically to vessels calling at UK ports and UK-flagged vessels operating in
the study area) was as follows:

1. Identification of the key abatement measures that could be implemented in order to comply with SOx
and NOx emission requirements. Initial assessment of the most likely measures to be implemented in
the period 2010-2020, through literature research, contacts with technology suppliers and fuel experts
and a workshop held with shipping industry representatives (see section 3.5.1 for further details)**.

2. Estimation of the unit cost (cost per vessel for fitting an abatement measure or cost per tonne of fuel
switched) of the selected abatement measures.

3. Development of three fuel premium scenarios to account for the cost of fuel switching.

4. Development of three scenarios that reflect a different abatement measure uptake, following an
economic analysis of the different options for compliance, as well as contacts with industry and
literature research to adjust rational economic outcomes for barriers to implementation and hidden
and missing costs. The three uptake scenarios developed consider different combinations of numbers
of vessels switching fuels and installing scrubbers (see section 3.6 for details).

5. Estimating total costs for the shipping industry of the ‘full implementation’ scenario for the range of
fuel premium defined in step 3 and the three uptake scenarios considered in step 4. A wide range of
expected costs has therefore been developed to reflect current uncertainty in the shipping industry’s
likely compliance responses.

Costs related to the investments needed from the petroleum industry to be able to provide low sulphur fuels for
vessels operating in the study area have also been considered. These have been estimated as the share of global
investments required from refineries to supply low sulphur fuels worldwide'? that would be attributable to low
sulphur fuel demand in the study area. However, these costs for the petroleum industry are expected to be
transferred to the shipping industry through fuel premium and therefore they have not been added to the final cost
estimates.

* However, no additional data to assist with costings were presented by stakeholders at the stakeholder workshop.
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Finally, expected costs to the wider society have been described by considering the expected cost pass-through of
the shipping industry to final consumers, through increased cost of transporting freight and passengers.

5.1.1 Costs Associated with NOx Emission Standards

Industry has indicated (see appendix C) that the NOx emission standards of the revised MARPOL Annex VI are
not expected to be difficult to achieve and that the incremental cost to do so is expected to be low. As described in
section 3.5.1, additional reductions required can be achieved by developments in engine designs. Costs for this are
therefore expected to be incorporated into the costs of normal engine R&D making it very difficult to assign a
percentage of the overall engine costs to the revised NOx emission standards. Costs for complying with the NOx
emission standards are expected to be negligible when compared to the costs associated with complying with the
revised sulphur limits. As such, these have not been considered further.

5.1.2 Costs Associated with Fuel Switching

Appendix A describes in detail the approach and the assumptions used for estimating fuel price premium. Given
the high uncertainty associated with forecasting future fuel prices, premium have been estimated based on three
different scenarios of future crude oil prices (Scenario 1: low, Scenario 2: medium and Scenario 3: high prices) for
the following fuel switching options:

e A global switch from RO to MDO (0.5% S) from 2020;
e A switch from low sulphur RO (1.5% S) to low sulphur RO (1% S) in SOx ECAs from 2010 to 2015;
e A switch from low sulphur RO (1.5% S) to MGO (0.1% S) in SOx ECAs from 2015 and onwards; and

e A switch from low sulphur RO (1.5% S) to RO (2.7%) possible through the adoption of SWS from
2015.

The results of the three fuel price premium scenarios for each of the fuel switch options are presented in Appendix
A. Fuel consumption savings as a result of the switch to distillates have been taken into account in the analysis and
are estimated at around 4.5% of fuel consumption. Furthermore, additional fuel consumption as a result of the use
of SWS has been taken into account and is estimated to be around 1.7%.

Although by far the biggest cost for switching to lower sulphur fuels is the fuel price premium, other additional
costs may be incurred if additional tanks and piping are necessary and if modifications / adjustments on fuel
pumps, fuel injection systems, lubrication systems and fuel tanks are required. Estimates of these additional costs
are detailed in Appendix I. Although this potential additional cost is acknowledged, it is not incorporated in the
total cost estimates, firstly because the percentage of the total fleet that may require such modifications is unknown
and secondly because the cost associated with dual systems may be incurred under the ‘do nothing’ scenario, with
different sulphur content requirements for SOx ECAs, as well as ships at berth in EU ports.
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513  Costs Associated with Fitting Scrubbers

The method used to determine the cost of scrubbers is detailed in Appendix I. A number of sources have been
consulted in order to estimate costs for fitting scrubbers per installed power unit (kW). Maintenance costs of
scrubbers are estimated to be around 2% of the capital cost for new vessels (Entec, 2005>°). Operating costs also
include fuel consumption, estimated as a 1.7% increase of vessels’ fuel consumption, valued at the price of 2.7%S
fuel. The operating cost also includes the cost of disposing of the sludge produced by the scrubber; the costs of
disposal could not be confirmed, but are not considered to be significant®.

Compared to the baseline, the uptake of SWS would allow 2.7% S fuels to be used in SOx ECAs instead of 1.5% S
fuels in the baseline. Cost savings are therefore expected as a result of the lower price of 2.7% S fuels.

Capital costs per unit of an engine’s installed power have been applied to the estimated engine size of each vessel
type/size to obtain capital and operating costs of installing scrubbers for each vessel category and size. Capital and
operating costs, as well as annualised costs of scrubbers assuming an operating life of 25 years and a discount rate
of 3.5% are presented in Appendix I for new and retrofit vessels. Auxiliary engines of bulk carriers, general cargo,
tankers and “other vessels” are assumed to run MGO in the ‘do nothing’ scenario'®. For these vessel categories,
scrubbers would only be necessary for main engines. For all other vessel types, costs of scrubbers include both
main and auxiliary engines. Industry representatives expect that costs of scrubbers could decrease as the
technology becomes more widespread. A 50% decrease by 2020 has therefore been considered (see Appendix C).

Fitting scrubbers to vessels will increase the difficulty of monitoring vessels’ compliance with the Regulations, as
vessel owners could choose to install scrubbers, but not to operate them. This would be in the operators’ interest as
they would be able to reduce their fuel consumption, as the scrubbers would not require any energy. The regulator
would not be able to check whether the scrubbers were in operation on a voyage by comparing the fuel
consumption and route data, as the uncertainty would be greater than the additional fuel required to operate the
scrubbers. One possible method for monitoring compliance would be for the regulator to require operators to
record the disposal of sludge from scrubbers and compare this with the route and fuel type data. However, this is
not a foolproof method of checking compliance and would involve additional administrative costs.

514 Uptake Scenarios

Three different uptake scenarios have been considered to estimate costs of compliance:

e Uptake scenario A: all operators will switch fuels to comply with the revised Annex VI of MARPOL.

* Entec (2005) Ship Emissions: Assignment, Abatement and Market-based Instruments.
http://europa.eu.int/comm/environment/air/transport.htm

26 Stakeholders at the workshop (April 2009) report that port authorities have made contact with service providers
and it is thought that the sludge can be disposed of with other waste oil at ports.
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e Uptake scenario B: all operators will switch fuels to comply with the revised Annex VI of MARPOL
until 2020, when 10% of the operators will uptake SWS for compliance.

e Uptake scenario C: all operators will switch fuels to comply with the revised Annex VI of MARPOL
during the period 2010-2014. In the period 2015-2019 all new vessels will uptake SWS, while
existing vessels will switch fuels for compliance. From 2020 all vessels (new and existing) will
uptake SWS.

515 Conclusions on compliance costs to the shipping industry

Annualised costs of compliance with the revised Annex VI of MARPOL for vessel operators in 2010, 2015 and
2020 are presented for each fuel premium and abatement measure uptake scenario. Fuel premium scenarios are
further explained in Appendix A. Values are given for three groups of vessels: all vessels in the Entec (2008)"®
study area, vessels calling at UK ports and UK flagged vessels operating in the study area. Additional costs refer
only to the fuel consumed in the study area.

The first table describes each possible combination of fuel premium and uptake scenarios. Subsequent tables
present cost estimations for each of these combinations. Tables show annualised costs specified for three moments
in time: 2010, 2015 and 2020. They show costs that go beyond the baseline defined in Section 4. Costs in 2010
are significantly lower than costs in 2015 and 2020, as vessels will then only need to switch for their operations in
SOx ECAs from 1.5% S fuel in the baseline to 1% S in the full compliance scenario. In 2015, costs increase only
for operations in SOx ECAs, as the sulphur content limit is reduced to 0.1% in SOx ECAs. The higher costs are
expected after 2020, as vessels will have to take actions beyond the baseline for all their operation both in and out
of SOx ECA. After 2020 vessels will either switch to distillates in and out or SOx ECAs or install scrubbers to
comply with the sulphur limits of 0.5% in non SOx ECAs and 0.1% in SOx ECAs

Table 5.1 Description of scenarios

SCENARIOS Uptake scenario A Uptake scenario B Uptake Scenario C

Low fuel prices

. New vessels start installing SWS
Low fuel prices

Fuel . o1 Low fuel prices by 2015
uel premium scenario o . 90% vessels fuel switch, 10% o .
100% fuel switch vessels install SWS by 2020 100% vesselzsbgostall SWS by

Medium fuel prices

Medium fuel prices New vessels start installing SWS
. . Medium fuel prices 90% vessels fuel switch, 10% by 2015
Fuel premium scenario 2 . - )
100% fuel switch vessels install SWS by 2020 100% vessels install SWS by
2020
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SCENARIOS

Uptake scenario A Uptake scenario B Uptake Scenario C

Fuel premium scenario 3

High fuel prices

High fuel prices New vessels start installing SWS

High fuel prices by 2015
. 90% vessels fuel switch, 10% .
0, ’ 0,
100% fuel switch vessels install SWS by 2020 100% vesselzsbgostall SWS by

Table 5.2

Total annualised costs of compliance for all vessels in the study area in 2020, 2015 and 2010 ( million £)

Annualised costs 2020 Uptake scenario A Uptake scenario B Uptake Scenario C
Fuel premium scenario 1 1,621 1,645 1,862
Fuel premium scenario 2 2,176 2,140 1,845
Fuel premium scenario 3 3,578 3,390 1,784

Annualised costs 2015

Uptake scenarios A and B Uptake Scenario C

Fuel premium scenario 1
Fuel premium scenario 2

Fuel premium scenario 3

1,120 1,171
1,348 1,395
2,149 2,178

Annualised costs 2010

Uptake scenarios A, B and C

Fuel premium scenario 1
Fuel premium scenario 2

Fuel premium scenario 3

42
43
46
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Table 5.3 Total annualised costs of compliance for vessels calling at UK ports in the study area in 2020, 2015 and

2010 (million £)

Annualised costs 2020 Uptake scenario A Uptake scenario B Uptake Scenario C
Fuel premium scenario 1 559 604 1,048

Fuel premium scenario 2 751 774 1,042

Fuel premium scenario 3 1,202 1,170 1,022
Annualised costs 2015 Uptake scenarios A and B Uptake Scenario C

Fuel premium scenario 1 381 415

Fuel premium scenario 2 459 491

Fuel premium scenario 3 732 758

Annualised costs 2010

Uptake scenarios A, B and C

Fuel premium scenario 1
Fuel premium scenario 2

Fuel premium scenario 3

14
15
16

Table 5.4 Total annualised costs of compliance for UK-flagged vessels in the study area in 2020, 2015 and 2010

(million £)

Annualised costs 2020 Uptake scenario A Uptake scenario B Uptake Scenario C
Fuel premium scenario 1 83 84 113
Fuel premium scenario 2 112 108 112
Fuel premium scenario 3 195 180 108
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Annualised costs 2015 Uptake scenarios A and B Uptake Scenario C
Fuel premium scenario 1 60 64
Fuel premium scenario 2 72 76
Fuel premium scenario 3 115 118

Annualised costs 2010

Uptake scenarios A, B and C

Fuel premium scenario 1

Fuel premium scenario 2

Fuel premium scenario 3

Total annual costs of compliance with the revised Annex VI for vessel operators in the study area in 2010, 2015

and 2020 are therefore expected to fall in the following ranges:

Table 5.5 Summary annualised costs of compliance (million £)

Year All vessels Vessels UK flagged Comments

calling at UK vessels
ports

2010 42 - 46 14 - 16 2 Low and high ends of the cost range refer to low and high fuel
prices scenarios, as in 2010 100% fuel switch is assumed for all
uptake scenarios.

2015 1,120 - 2,178 381 -758 60 - 118 The lower cost option is achieved with 100% fuel switch in a low
fuel prices scenario, while the highest cost option refers to the
uptake of SWS by new vessels and fuel switch of existing
vessels in a high fuel prices scenario

2020 1,621 - 3,578 559 - 1,202 83- 195 The lower cost option refers to 100% fuel switch under a low fuel

or or or prices scenario. The highest cost option refers to 100% fuel
switch under a high fuel prices scenario. 100% uptake of SWS is
892 —3,578* 511 -1,202* 54 — 195* the least cost option for medium and high fuel price scenarios.

*Assuming 50% decrease of cost of SWS

The cost of adoption of SWS could be reduced by 50% compared to current costs, as predicted by one industry
representative during the industry workshop (Appendix C). In this case, the lower end of the cost range for 2020

would be further reduced as detailed in the above.
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The main sources of uncertainty in the analysis are:

e Future values of fuel premium — This is considered to be of high uncertainty, given high fuel price
volatility.

e Cost of scrubbers — This is also of high uncertainty due to the small number of scrubbers currently in
operation and due to the adjustment of costs per installed kW to different sizes of engines.

e Fuel consumption estimates - High uncertainty due to assumptions made for projecting estimates into
future years, the geographical limitation of the estimates, the coverage of the underlying data (e.g.
vessel movements), fuel type assumptions and emission factors used. In addition to this, efficiency
improvements in engines over time have not been considered.

e Future fleet numbers and average engine size of vessels - High uncertainty due to assumptions made
for projecting vessel numbers in future years.

e Costs per unit of installed power have been applied to average engine sizes for each vessel type and
size, to estimate costs of scrubbers.

5.2 Costs to the UK refining industry

As described in section 3.5.2, the revised MARPOL Annex VI Regulations (in particular in 2020) will result in
modifications at refineries. It is expected that each refinery will re-evaluate its entire operation to ensure that any
decisions on investments or modifications will be the economically optimal option. Potential refinery investments
as a result of the MARPOL Annex VI amendments may therefore involve:

e Minor unit adjustments and logistics investments; or

e Major revamp or addition of units, e.g. the construction of a residue desulphurization unit or a coking
unit (typically this requires the shutdown of the refinery for several months).

It is expected that the increase in costs associated with this switch to distillates will be passed directly to the ship-
owner through a fuel premium. Accordingly, expected investments in the petroleum industry described in this
section (and Appendix E.) have not been included in the final cost estimates.

The IMO" has used the WORLD model, operated by EnSys, to estimate additional investments and additional
global refinery units and capacities that would be required by 2020 to meet, with marine diesel oil, the demand for
0.1% sulphur fuels in designated areas and 0.5% globally by 2020*". The share of investments estimated by the
IMO that would be attributable to implementation of the revised Annex VI of MARPOL in the Entec (2008)'®

" A case combining both requirements has not been studied by the IMO and therefore the figures provided
consider a 0.1% S requirement in designated areas and a 0.5% S requirement globally, not excluding designated
areas.
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study area has been considered. Like the IMO, for this specific estimation it has been assumed that all vessels
switch fuels instead of installing scrubbers to comply with the new sulphur requirements (uptake scenario A). By
2020 around 2.4 million tonnes of residual oil consumed in the study area would need to be switched to distillates
to meet the 0.5% S limit and around 8.4 million tonnes of low sulphur residual oils (1.5% S) would need to be
switched to distillates to meet the 0.1% limit in SOx ECAs. Therefore, a rough estimate of additional capacities
potentially required to meet the demand for distillates in the study area can be extrapolated by those estimated
globally by the IMO". Based on this, the implementation of the revised Annex VI Regulations in the study area
could be responsible for 0.6% of the global additional capacity needs for fuels with a 0.5% S limit in 2020 and 11%
of the additional capacity needs for fuels with 0.1% S limit in SOx ECAs in 2020. Accordingly, the
implementation of the revised Annex VI in the study area, under uptake scenario A, could lead to investments in
new capacity of $3.8billion for the global petroleum industry, estimated as a percentage of global investments
provided by the IMO".

Under uptake scenario C the implementation of the revised Annex VI in the Entec (2008)'® study area would not
require additional refinery capacities and therefore no additional investments would be needed from the petroleum
industry. Uptake scenario B would involve additional refinery capacities and investments around 10% lower than
those estimated for uptake scenario A.

Therefore, as a result of the revised MARPOL Annex VI Regulations, the UK refining industry may need to attract
significant investment flows. However, it should be noted that, according to Wood Mackenzie (2007), UK
refineries are currently not well placed to attract investment, being generally considered as mid to low performers
in terms of their competitive position as compared to mainland European refineries™.

Finally, in the potential scenario that some refinery units may close as a result of the revised MARPOL Annex VI
Regulations, a growing proportion of marine fuels used in the UK will be imported. This would lead to loss of
revenues and employment for the UK and transferred supply to high distillate producing regions, such as the
Middle East, where it is planned that two new 400 kbd export-oriented refineries will be coming on stream in 2011
and 2013%.

5.3 Administrative costs

The revised MARPOL Annex VI will involve some additional regulatory costs due to additional requirements in
the revised MARPOL Annex VI (presented in Table 3.1). These are presented qualitatively in Table 5.6.

* Wood Mackenzie (2007) Review of UK oil refining capacity for the Department of Trade and Industry
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Table 5.6 Summary of additional regulatory costs due to the revised Annex VI requirements

Regulation Additional Regulatory Cost

Regulation 15: Volatile e  Additional time costs for operators.

Organic Compounds e  Additional costs to check these documents for regulators.

Regulation 18: Fuel Oil e  Additional time costs for operators.

Availability and Quality e  Additional costs to check these documents for regulators.

The administrative costs are not considered to be significant when compared with the total costs of compliance®’.

5.4 Costs to the wider society

The cost of goods transported by sea and the price of passenger fares could increase as ship operators pass costs
through to consumers. However, no substantive impacts are expected on the wider society as the additional cost of
goods would be shared by the UK economy as a whole. The total value of goods being imported and exported
from the UK in 2008 reached £595,052 million in 2008*. Waterborne freight dominates UK international trade.
In 2007, 95 per cent of tonnage lifted was by sea, 4 per cent by the Channel Tunnel and less than 1 per cent by
air’'. The expected annual additional cost range for vessels calling at UK ports by 2020 has been estimated as £500
- 1,200 million, or around 0.15% of the value of waterborne traded goods in the UK in 20082,

¥ It may be useful to request information on the additional time required to comply with the new requirements,
during any future public consultation.

3% Office for National Statistics - Value of UK trade in goods 2008 (£million at current prices).
3! Department for Transport (2009)- Transport trends 2008 edition.

32 Assuming the approximation that waterborne traded goods in the UK represent 95% of the value of imported and
exported goods in the UK.
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6. Benefits

6.1 Approach for estimating health and environmental benefits

The main health and environmental benefits are related to reductions in SOx, NOx and particulate (PM) emissions.

The benefits associated with the reductions in CO, emissions are considered separately in section 7.3.
The approach for calculating benefits is summarised below (and described in more detail in Appendix G):

e The impact of the revised MARPOL Annex VI regulations on baseline UK concentrations has been
estimated (based on emission data that assume a 90:10 uptake of switching fuels and fitting
scrubbers™) by utilising the FRAME model (this work was undertaken by the Centre for Ecology and
Hydrology, CEH);

e Health impacts have been estimated by incorporating baseline data on incidence of health endpoints of
interest based on national statistics (acute and chronic mortality, hospital admissions, etc.) and
applying the most applicable exposure-response relationships (this work was undertaken by the
Institute for Occupational Medicine, IOM);

e Appropriate valuation data were applied to the health impacts, consistent with latest Interdepartmental
Group on Costs and Benefits (IGCB)** practice and Treasury Green Book guidance;

e Impacts on ecosystems have been determined by utilising FRAME (deposition) and critical load
modelling (task undertaken by CEH);

e Damage to materials has been estimated based on IGCB functions for the cost of materials damage
per tonne of pollutant.

The following benefits have been investigated:

e Human health benefits;

e Environmental benefits, i.e. reductions in the exceedance of critical loads for acid deposition and
nitrogen deposition;

e Benefits from reduced building and material damage;

e Benefits to the shipping industry (with a focus on the UK shipping industry).

3 Developed for Defra by Entec and adjusted for the purposes of this work.

3 http://www.defra.gov.uk/environment/airquality/panels/igcb/index.htm.
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All quantified benefits (physical and monetary) have been expressed incremental to the ‘do nothing’ scenario.

Benefits have been assessed in relation to changes in emissions in 2020. Benefits for intermediate years (i.e. 2010
and 2015 that are considered key years for consideration) have not been modelled as agreed with the MCA. In
addition, benefits for intermediate years have not been estimated based on a pro-rata approach, for instance
adjusting the benefits assessment undertaken for 2020 to provide potential benefits in 2010 and 2015, using
reductions in emissions as a proxy as this would require that emission reductions in 2020 have a similar geographic
pattern to those in 2010 and 2015. Therefore such an approach has not been considered appropriate for this study
as the MARPOL Annex VI amendments introduce time-limited sulphur content limits that vary depending on sea
areas. However emissions for these intermediate years have been calculated as shown in Appendix L.

6.2 Environmental benefits

6.2.1 Benefits to the UK

The benefit to ecosystems has been assessed by considering critical load exceedances for acid deposition and
nitrogen deposition (more information is provided in Appendix G). The change in critical load exceedances for the
UK as a result of implementing the revised MARPOL Annex VI regulations in the Entec (2008)'® study area is
presented in Table 6.1.

Table 6.1 Critical load exceedances for acid deposition for all ecosystems in the UK in 2020

Scenario Habitat Area Exceeded Area % area of habitat Reduction in Accumulated
(km?) (km?) exceeded for percentage area Exceedance
acidity exceeded' (keglyear)
‘do nothing’ 78,059 32,803 42.0 - 1,818,819
‘full implementation’ 78,059 30,895 39.6 24 1,584,270

Note 1: relative to the ‘do nothing scenario’

Table 6.2 Critical load exceedances for nitrogen deposition for all ecosystems in the UK in 2020

Scenario Habitat Area Exceeded Area % area of habitat Reduction in Accumulated
(km?) (km?) exceeded for percentage area Exceedance
nutrient nitrogen exceeded' (keglyear)
‘do nothing’ 74,430 36,513 49.1 - 2,465,059
‘full implementation’ 74,430 36,040 48.4 0.7 2,433,546

Note 1: relative to the ‘do nothing scenario’
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The results show that the revised MARPOL Annex VI is predicted to reduce the total area of sensitive habitats
where the critical loads are exceeded across the UK from 42% to 39.6% for acidity. The decreases are largest
across Wales and Scotland (~15% reduction in the total area of habitats exceeded) and slightly less across England
(~11%), generally reflecting the decreases in sulphur deposition (compared to those shown in Appendix G). In
addition, the Accumulated Exceedance®” for the “full implementation’ scenario is 13% smaller than the
Accumulated Exceedance for the ‘do nothing scenario (see Appendix G). As the reductions in total nitrogen
deposition are relatively small, the ‘full implementation’ scenario has a much smaller effect on the nutrient nitrogen
results, decreasing the area exceeded and the Accumulated Exceedance by only ~1%.

It should be noted that ocean acidification threatens marine organisms, including corals that support oceanic
biodiversity. Benefits in terms of reductions in ocean acidification due to the revised MARPOL Annex VI have not
been quantified in this study.

In addition to the benefits to ecosystems, there are additional environmental benefits that may be realised if
operators choose to switch to distillate fuels (uptake scenario A and B) and these are as follows:

e Distillates have less hazardous components than residual fuels, and when an accident occurs causing
spills of bunker oil, the environmental consequences are expected to be less for distillates than those
for spills of residual fuel; and

e The use of distillates instead of residual oil reduces the onboard production of oily waste that may
also reduce the problems experienced with illegal spills of oily waste from ships.

622  Other benefits to the UK assuming an EU-wide implementation

The environmental benefits appraisal has focused on benefits to the UK from emission reductions achieved by all
vessels transiting in the Entec (2008)'® study area. When undertaking a benefits appraisal, the impacts to the UK of
emissions (and emission reductions) of the policy under consideration should be fully considered, i.e. this would
extend further than the area considered. However, the further away the emissions (and emission reductions) are
located, the less significant the impacts on the UK are. These wider benefits to the UK, as well as benefits to other
countries, have not been modelled for this study, but are discussed in this section.

A study undertaken for the IMO' investigated the impacts of different sulphur limits (in the EMEP domain®®) to
ecosystems. Two scenarios modelled are particularly relevant: Scenario B1 with a 0.1% S limit in SOx ECAs
(although it should be noted that for the purposes of the IMO study the Black Sea and Mediterranean sea have also

** The Accumulated Exceedance (AE) combines both the area of exceedance and the magnitude of the exceedance
as follows: AE (keq year-1) = exceedance (keq ha-1 year-1) * area exceeded (ha)

3 http://www.emep.int/index.html
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been assumed to be SO, ECAs) and Scenario C with a 0.5% global S limit (see figures in Appendix K presenting
the estimated impact in terms of sulphur and nitrogen deposition of these two scenarios).

Overall, the study shows that the long-range (> 1,000 km) transport of SOx and PM over the European Continent is
significant. The study also concludes that, for sulphur deposition, control of ship emissions results in reductions of
30-60% in sulphur deposition in some coastal states (e.g. Malta, Denmark, the Netherlands, Sweden and Norway)
with 10-20% reductions in sulphur deposition for most other European countries. For ozone levels measured as the
Sum of Ozone Means Over 35 ppb (SOMO35) and deposition of oxidized nitrogen, however, the effect of SOx and
PM control is small, generally below 2%. The study also suggests that a 0.5% global S limit will improve air
quality in European coastal states - such as the UK, Ireland and Portugal — which border the North Eastern Atlantic.

More specifically, from this study it can be extrapolated that, in the UK in 2020, a 0.1% S limit in SOx ECAs (B1)
results in approximately a 13% reduction in SOx deposition and 6% reduction in NOx deposition, whilst a 0.5%
global S limit (C) results in around a 18% reduction in SOx deposition and 5% reduction in NOx deposition (both
compared to the IMO reference scenario R4 that is more in line with the ‘do nothing’ scenario considered in this
study).

In addition to the above, reductions in PM emissions from ships may improve visibility (i.e. reduce local visibility
impairment, regional haze and urban haze), especially in highly trafficked areas and ports; reduce heavy metal
accumulation on vegetative surfaces; and reduce exposure to polycyclic aromatic hydrocarbons (that tend to
accumulate in sediments and may reach high enough concentrations in some coastal environments to pose an
environmental health threat that includes cancer in fish populations, toxicity to organisms living in the sediment
and risks to those that consume these organisms).

Finally, a study for the European Commission®’ provided Europe-scale modelling results (EMEP domain) on
environmental impacts of different emission scenarios from shipping. This study reports a 34%, 30% and 21%
decrease in UK forest areas, semi-natural ecosystems and freshwater ecosystems respectively with acid deposition
above critical loads for acidification in 2020 with the application of a defined maximum technically-feasible
package of SOx abatement measures. This study also reports a 25% decrease in total UK ecosystem areas with
nitrogen deposition above critical loads for eutrophication due to the implementation of a maximum technically-
feasible NOx emissions abatement strategy for international shipping in 2020.

37 Cofala, J., Amann, M., Heyes, C., Wagner, F., Klimont, Z., Posch, M., Schopp, W., Tarasson, L., Jonson, J.E.,
Whall, C. and Stavrakaki, A. (2006) Analysis of Policy Measures to Reduce Ship Emissions in the Context of the
Revision of the National Emissions Ceilings Directive. International Institute for Applied Systems Analysis,
Norwegian Meteorological Institute and Entec UK Ltd.
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6.2.3 Other benefits worldwide

The IMO study” also presents a summary of various other studies (at a local and regional level) that have
investigated the impacts of reductions in ship emissions to ecosystems. More recently, a supporting annex to a
proposal by the United States (US) and Canada for the designation of an ECA in specific portions of coastal waters,
concludes that the proposed ECA for the US and Canada will significantly reduce the annual total sulphur and
nitrogen deposition occurring in these sensitive ecosystems and will contribute to the recovery of sensitive
ecosystems in both US and Canada. These additional studies have not been considered further as impacts to the
UK cannot be extrapolated from these.

6.3 Health benefits

6.3.1 Benefits to the UK

As described in Section 6.1, the health benefits associated with the implementation of the revised MARPOL Annex
VI regulations have been quantified by IOM (see Appendix G for further details). It should be noted that
population density data from the 2001 census has been used to estimate health effects. It is assumed to be constant
over the timescales of the analysis i.e. no projections have been made as to how the population may change in size
and location up to 2020. The health benefits have been monetised where possible, applying IGCB-recommended
health values, and summary results are presented in this section.

The table below shows the estimated acute (short term) and chronic (long term) health impacts associated with the
reductions in exposure to air pollutants due to reduced emissions from shipping.

Based on national rates of death and emergency hospital admission, estimated current levels of exposure to PM10
derived from all anthropogenic sources, nitrogen dioxide and sulphur dioxide may contribute to the bringing
forward of about 5,000 deaths in a year out of a total number of deaths of about 600,000. The shortening of life
associated with these deaths is anticipated to be weeks rather than years. Similarly current exposure to these
pollutants may contribute to about 13,000 out of about 1,200,000 emergency hospital admissions for respiratory or
cardiovascular illness. The potential impact of the revised MARPOL Annex VI Regulations on air quality would
be expected to lead to a decrease of 250 in the annual number of deaths brought forward and a decrease of 450
emergency hospital admissions. The gain of life expectancy associated with “deaths brought forward” is
anticipated to be small as most additional deaths that occur from high pollution occur in people who are extremely
sick or frail who would have only been expected to survive for a period of days or weeks in the absence of a high
pollution event.

The most significant impact of air quality on health in the UK is the reduction in long term life expectancy
associated with exposure to airborne particles. Lifetime (80 years) exposure to current levels of PM10 from
anthropogenic sources in the UK contributes to an average loss of life expectancy of about 3-7 months. The range
in estimates is due to uncertainty in the ratio of concentrations of PM10 to those of PM2.5. The predicted average
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gain of life expectancy associated with the estimated reduction in shipping emissions in this study is around 5-10
days per person. Given that the reduction in exposure will result from lower concentrations of combustion-
generated and secondary particles which would both be largely within the PM2.5 size range, it is likely that the
gain in life expectancy would be towards the upper end of the predicted range.

Table 6.3 Summary of health benefits associated with the emission reductions expected with the implementation of
the revised MARPOL Annex VI Regulations (2020) (Note 1)

Health Impacts Units Associated with | Associated with | Associated with Total
reductions in reductions in reductions in
PM10 emissions NO; emissions SO, emissions

Acute mortality Estimated reduction in
i ; | deaths/year brought 227 - 24 251
(life expectancy losses | (oo

assumed to be in poor

health) Estimated reduction in

number of years of life
lost/year assuming 2-6 38-114 - 4-12 42-126
months loss for every
death brought forward

Chronic mortality
Estimated reduction in

(life expectancy losses | number of years of life 11,000-22,000 - - 10,993-21,986
assumed to be in good | |ost/year

health)

Respiratory hospital | Estimated reduction in

admissions respiratory hospital 240 3 20 263

admissions/year

Cardiovascular hospital | Estimated reduction in
admissions cardiovascular hospital 180 - - 180
admissions/year

Note 1: Benefits associated with emission reductions from all vessels in the study area as defined in Entec (2008).

The monetisation of these health benefits is presented below based on the [IGCB recommended health values
(sensitivity around the IGCB values as well as details of the recommended health values and approach taken are
presented in Appendix G).
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Table 7.2 Changes in CO; emissions

Creating the environment for business

Scenario

Increase in CO, emissions

Reduction in CO; emissions

Scenario B — 90% switch
fuel and 10% use wet
scrubbers

The increased production of marine
distillates is more energy intensive and
would lead to increased CO, emissions from
the refining process

Increase in fuel consumption (and hence
CO; emissions) for those vessels that use
wet scrubbers

Increase CO; emissions due to the reaction
of the effluent waste water from the scrubber
as it enters the sea water

Reduction in CO, emissions for vessels
that switch fuel to distillates due to less
fuel being consumed.

Use of distillates will reduce CO,
emissions as sludge produced from RO
will not be burnt on the ship.

Distillate is more efficient, so a reduced
volume of fuel will be required to be
carried by the ship. This will reduce CO,
emissions for same carriage of goods

Scenario A — All vessels
switch fuel

The increased production of marine
distillates is more energy intensive and
would lead to increased CO, emissions from
the refining process

Reduction in CO, emissions for vessels
due to switching to distillates results in
less fuel consumption.

Use of distillates will reduce CO,
emissions as sludge produced from RO
will not be burnt on the ship.

Distillate is more efficient, so a reduced
volume of fuel will be required to be
carried by the ship. This will reduce CO,
emissions for same carriage of goods

Scenario C — All vessels
use wet scrubbers

Increase in fuel consumption (and hence
CO, emissions) for those vessels who use
wet scrubbers

increase CO, emissions due to the reaction
of the effluent waste water from the scrubber
as it enters the sea water

None

In section 4.4 changes in CO, emissions in 2020 were estimated for the different scenarios. This is likely to be

when most of the changes in emissions might occur. However as noted in chapter 4 this does not take into

consideration changes in emissions prior to 2020 and cumulative changes have not been calculated for this report,

except for scenario A where emissions reductions have been included for an intermediate year (2015). Table 7.3

shows the value of changes in CO, emissions in 2020 (in 2009 prices — present value*’) using the Shadow Price of
Carbon (SPC)*° valuation for 2020 (£32.90 in 2020 prices) for all ship vessels in ‘the study area as defined in Entec

(2008) study’.

* The value of CO, emissions are presented in present value using a discount rate of 3.5% which is consistent with the HM

Treasury Green book.
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Table 7.3 Value of changes in CO, emissions from ship vessels in the study area

Scenario Reduction in CO, Reduction in CO Value of CO, Value of CO;

emissions in 2020 emissions in 2015 reductions in 2020 reductions in 2015
(tCO2) (tCO2) (in 2009 prices) (in 2009 prices)

Scenario B — 90% fuel 1,467,000 - £32,968,287 -

switches and 10% use wet

scrubbers

Scenario A — All vessels fuel 1,696,000 1,242,000 £38,218,875 £25,350,937

switch

Scenario C — All vessels use -593,000 - -£14,241,939 -

wet scrubbers

Note: Does not include CO, emissions from refineries

It should be noted that under uptake scenarios A and B, the significant increased fuel costs may lead to an
additional uptake of energy efficiency measures. In particular, increased fuel costs could result in ships operating at
an optimal ship speed resulting in significant fuel savings and further reductions in CO, emissions.

The values shown in Table 7.3 do not include the increase in CO, emissions from the refining process. It is
suggested that “upgrading fuel oil to meet the new standards requires large amounts of hydrogen, which is
produced at the refinery with additional energy. Each tonne of hydrogen produces 10 tonnes carbon dioxide. The
typical refinery is going to be looking at a CO, emissions increase of 10 to 25 per cent”'. Similar estimates of an

increase in CO, of 15% have also been suggested™.

Based on estimates by the IMO for CO, emissions in the SO ECA as a whole, it is estimated that, under scenario 1
for this study area (see the cost chapter for more detail), the global refinery sector would emit an additional 0.9
million tCO,/year (from fuel consumption) out of SO, ECAs in the study area and 2.4 million tCO,/year (from fuel
consumption) in SOy ECAs in the study area. This is a combined net increase in emissions of 3.3 million
tCO,/year.

It is not known whether this low sulphur fuel will be produced at EU refineries. If this fuel is produced in the EU,
there should not necessarily be a net increase in emissions since EU refineries will need to comply within the cap of
the EU emissions trading scheme (ETS). This will mean that any increase in emissions will need to be offset
elsewhere in the EU ETS but at a cost to the refinery industry. However, if fuel is imported from outside of the
EU, the carbon cost of emitting an additional 3.3million tCO,/ year using the SPC is estimated at approximately
£87m per year (in 2009 prices).

S http://www.thenational.ae/article/20090415/BUSINESS/634601058/1050/rss

52 http://www.library.ubc.ca/lam/teekay3.pdf
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74 Remaining specific impact tests

The remaining specific impact tests are summarised below in Table 7.4.

Table 7.4 Specific Impact Test — Remaining tests

Type of test

Initial conclusions

Race Equality
Disability Equality
Gender Equality

Human Rights

Higher prices for affected consumer products (e.g. products transported by ships and passenger services) will affect
everyone and is not anticipated that the revised MARPOL Annex VI will have any impact specifically:

. on a particular ethnic group
. on the disabled
. on a particular gender

e  to human rights

Rural proofing

It is possible that communities in coastal areas which are more reliant on the shipping industry could be more
affected if the cost of compliance affects their ability to compete against other forms of transportation.

In particular, smaller private operators may be more adversely affected if they cannot finance the costs of abatement
(e.g. higher fuel premium or installation of a wet scrubber) such as local private ferry operators. For those that can
obtain financing, smaller operators may not have access to the same financing rates as large operators and therefore
may not be able to pass on the full costs of compliance in product prices in order to compete with larger operators. If
shipping volumes are reduced, this may adversely affect the local community in terms of jobs and induced
employment and spending activity within the local area.

However, it is also important to note that some communities may benefit as alternative routes of transportation
become more competitive such as the use of inland waterways, road and rail. Therefore the revised MARPOL
Annex VI may result in some re-distributional impacts within some rural communities.
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8. Summary

This section provides a summary of the headline results from the analysis undertaken on the likely impacts of
implementing the revised MARPOL Annex VI regulations.

8.1 Policy options and effects on emissions

In this assessment, two policy options have been considered:

e Option A: ‘Do nothing’ - this represents the status quo or business as usual situation and includes the
existing MARPOL Annex VI regulations already in place in the UK; and

e Option B: ‘Full implementation’ - implementing all the requirements of the revised MARPOL Annex
VI regulations.

The analysis covered in the report focuses on Option B with costs and benefits presented as incremental impacts
compared to Option A. Given uncertainties in the likely future fuel prices and the different approaches available to
comply with the revisions to the Regulation, three uptake scenarios were considered (under option B):

e Scenario 1 — 90% of vessels switches fuel and 10% use wet scrubbers
e Scenario 2 — All vessels switch fuel
e Scenario 3 — All vessels use wet scrubbers

Table 8.1 outlines the projected fuel consumption and emissions reductions for all vessels in the study area as
defined in previous work by Entec. As a means of comparison, the reductions in 2020 for all vessels in the study
area are compared to 2020 levels of fuel consumption and emissions (option A). The results indicate that the most
significant emissions reductions are estimated to be in SO, (88%) and PM,, (65-77%) emissions. Under scenario 3
CO, emissions and fuel consumption are estimated to increase as a consequence of using sea water scrubbing
(SWS), but are estimated to result in greater reductions in NO, and PM, emissions.
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Table 8.1 Fuel consumption and emission reductions in 2020 associated with the ‘full implementation’ scenarios ?
Scope Fuel
NOx (kt) SOx (kt) CO2 (kt) PMy, (kt) Consumption
(kt)

Emission and fuel consumption (2020) — Option A

All vessels in the study area as defined in Entec (2008) 925 385 42,746 51 13,446

Projected reductions in fuel consumptions and emissions — Option B

Scenario 1 72 340 1,463 34 457
Scenario 2 70 340 1,696 33 530
Scenario 3 96 338 -632 39 -199

Changes compared to the 2020 baseline level (Option A)

Scenario 1-% 8% 88% 3% 67% 3%
Scenario 2-% 8% 88% 4% 65% 4%
Scenario 3 - % 10% 88% -1% 7% -1%

@ - Fishing vessels have been considered when estimating fuel consumption and emissions (where possible). However, reductions presented
in the table are not attributed to fishing vessels (as these are assumed to burn MGO)

Note: A negative number represents an increase in emissions/fuel consumption.

8.2 Costs of implementing the revised MARPOL Annex VI
Regulations

Table 8.2 summaries the main costs of implementing the revised MARPOL Annex VI regulations in 2020. Cross-
references are provided to the section of this report where further information can be found (e.g. costs for
intermediate years). For consistency with the benefits (where only the benefits in 2020 are estimated), the costs are
only shown for 2020.

Table 8.2 Summary of the main estimated costs of the revised MARPOL Annex VI Regulations (in 2020)

Costs Section within Costs to all vessels
this report

Compliance costs to shipping 515 Annualised cost:

industry

. £1.6 - 3.6bn; or

e  £0.9 - 3.6bn — with the assumption of a 50% decrease in the cost of sea water
scrubbing (SWS)

Administrative costs to shipping 5.3 The administrative costs are not considered to be significant when compared with the
industry total costs of compliance.
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Costs

Section within Costs to all vessels
this report

Costs to the UK refining industry 5.2 The introduction of the 1% S limit in SOx ECAs in 2010 and 0.1% S limitin SOx

ECAs in 2015 are not expected to encourage a drive in big investments, for instance
in hydrocracking.

However the world-wide limit of 0.5% S in 2020 is expected to lead to a global switch
to distillates in the maritime transport sector. Therefore, the expected global switch to
distillates in 2020 may have significant impacts for the refining industry. It is expected
that the increase in costs associated with this switch to distillates may be passed
directly to the ship-owner through a fuel premium.

Costs to the wider section

5.4 The cost of goods transported by sea and the price of passenger fares could
increase as ship operators pass costs through to consumers. However, no
substantive impacts are expected on the wider society as the additional cost of
goods would be shared by the UK economy as a whole.

Note: All prices are shown in 2009 prices

8.3 Benefits of implementing the revised MARPOL Annex
Regulations

Table 8.3 summaries the main costs of implementing the revised MARPOL Annex VI regulations in 2020. Cross-

references are provided to the section where further information can be found

Table 8.3 Summary of the main benefits of the revised MARPOL Annex VI Regulations (in 2020)

Costs Section within Costs to all vessels
the report
Environmental benefits 6.2 Annual benefits from CO, emission reductions:

. Scenario 1: £33m

e  Scenario 2: £38m

e  Scenario 3: -£14m (i.e. increased emissions)
Reduction in critical load exceedances for all ecosystems:

. Acid deposition: Reduction from 42% to 39.6%

. Nitrogen deposition: Reduction from 49.1% to 48.4%

. Reductions in ocean acidification (not quantified)
Additional environmental benefits include:

. Distillates have less hazardous components than residual fuels, and when an
accident occurs causing spills of bunker oil, the environmental consequences
are expected to be less for distillates than those for spills of residual fuel;

. The use of distillates instead of residual oil reduces the onboard production of
oily waste that may also reduce the problems experienced with illegal spills of
oily waste from ships;

. Possible improved visibility from ships due to reductions in PM emissions

Doc Reg No. 24870

© Entec UK Limited

July 2009



Entec

Creating the environment for business

Costs Section within Costs to all vessels
the report
Health benefits 6.3 Annual benefit:
e £309-622m - Avoided life years lost, reductions in respiratory and
cardiovascular hospital admissions;
Additional benefits include:
e Around 300 fewer Accident and Emergency visits;
. 1,500 fewer GP consultations for asthma;
. 2,500 fewer GP consultations for respiratory illness;
. Predicted decrease in symptomatic days in individuals with asthma is
approximately 5%; and
. Reduction of around 6,000 to 12,000 in the number of new cases of chronic
bronchitis in a year.
Reduced building and 6.4 Annual benefit:
material damage e  £6.32m - reduced damage to building and materials
Benefits to industry 6.5 . Eliminates the use of current onboard fuel treatment plants and significantly

reduces onboard generated waste;

e  The use of distillate fuels reduces the exposure of the engines to damaging
materials. This could potentially result in fewer engine breakdowns and,
potentially, fewer accidents;

e The use of distillate fuels on board ships as a replacement for residual fuels
may also potentially reduce fuel consumption;

. If the shipping industry is perceived as a green industry, it may result in an
increased demand for its services (in terms of movements of goods and
passengers);

e The requirements of the regulations may result in ship operators purchasing
scrubbers instead of switching fuels, thus increasing the market demand for
such technologies.

Note: All prices are shown in 2009 prices

8.4 Comparison of quantified costs and benefits

In summary, the costs and monetised benefits of implementing the revised MARPOL Annex VI regulations in 2020

are shown in Table 8.4. However, it should be noted that firm conclusions cannot be drawn on the benefit-cost ratio

due to various factors listed below the table.

Table 8.4 Summary of the monetised annualised costs and benefits for all vessels in the study area in 2020
Element Value (Em)
Annualised costs 800 to 3600
Annual health benefits to the UK 300 to 700
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Notes:
1. Figures are presented in 2009 prices.
2. Benefits include avoided life years lost and reductions in respiratory and cardiovascular hospital admissions.

Key factors that should be taken into account when considering these figures include:

e Monetised benefits to the UK are expected to be underestimates as they do not include ecosystem
impacts and some additional health benefits (reductions in accident and emergency visits; GP
consultations; symptomatic days in individuals with asthma; cases of chronic bronchitis); etc.

e Monetised benefits to the UK also do not include health and environmental benefits to the UK from
vessels outside the study area.

e Total benefits are expected to be underestimates as they do not include health and environmental
benefits to any other Member States from reductions in emissions for all vessels in the study area.
Benefits to other Member States could be significant particularly due to the direction of the wind.

e Both costs and benefit values are subject to significant uncertainty, with key sources of uncertainty
described in the respective sections of this report and appendices.
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This section lays out the assumptions with regards to marine fuel prices and the price premium for lower sulphur

fuels that were included in the modelling.

Crude Oil Price Scenarios

The crude oil price scenarios were derived from discussions with the client and are fixed for this project:

Figure A1 Crude Oil Price Scenarios

Crude Oil Price Scenarios
200
150 |
©
@ 100
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S
50
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2009 2020 2050
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—3 50 150 150

Scenario 2 constitutes the base case scenario, and the 2020 price of $80/bbll is close to the World Fuels forward
crude oil price of $77.8/barrel for 2017.
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Data Sources

A number of data sources have been used to produce the fuel price assumptions used in the modelling for this
project, including existing literature; interviews with fuel price experts and shipping stakeholder comments; and
Entec projections on basis of IEA historic prices. These are described in the sub-sections below.

Literature Review

The literature reviewed includes a number of studies / presentations with varying geographic coverage and core
assumptions, summarised below. The estimates in the literature were presented in different currencies and for
different years; these have been converted to US dollars and inflated to 2009 dollars using the US Consumer Price
Index™.

IMO 2008. Revision of MARPOL Annex VI and the NOx Technical Code. Input from the four subgroups and
individual experts to the final report of the Informal Cross Government/Industry Scientific Group of Experts Note
by the Secretariat. International Maritime Organisation.

Geographic focus World-wide

Timeframe 2020

Other key assumptions Refiners will not de-sulphurise LSFO below 1%; below that distillate is more attractive.
Scenarios A range of combined world-wide price premium for maintained or reduced sulphur levels overall

and more significant reductions in the SOX ECA regions:

Option B: global cap maintained or reduced (around 2.7%), sulphur level in SOx ECAs to decrease
to 1.5% in 2010 and 1% in 2015

Option B1: as option B, but 0.1% S limit in certain areas from 2011

Option B2: global cap at 3% S in 2012 and 1.5% S in 2016. In SOx ECA’s 1% S limit in 2011and
0.5% S in 2015.

Option C: Global cap at 1% S in 2012 and 0.5% S in 2015. Distillate use in SOx ECAs
Option C2 (as C, but alternative mechanisms to reaching the sulphur limit)

Data inputs 0.5%S price premium compared to 2.7% average in SOx ECAs and higher sulphur content
worldwide = $5009 20 / tonne

0.1% S price premium compared to 2.7% average in SOx ECAs and higher sulphur content
worldwide = $009 13-90 / tonne (on basis of world-wide average)

For both, 0.5% S and 0.1% S, the estimates are understated due to the world-wide averaging.

Concawe 2006. Techno-economic analysis of the impact of the reduction of sulphur content of residual marine
fuels in Europe. Report no 02/06. Brussels, June 2006.

Geographic focus EU-wide

Timeframe 2015

3 www.bls.gov/cpi/
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Other key assumptions Desulphurisation of residual fuel oil up to 0.5% S considered

Scenarios -Business as usual 1: Existing SOX ECA requirements (in the Baltic sea)

-Business as usual 2: Existing SOX ECA requirements (in the Baltic sea) + EU directive requiring
ferries to use 1.5% S fuel

-All EU residual marine fuel at 1.5% S
-All EU residual marine fuel at 0.5% S.

Additional conclusions Depending on crude oil price levels, desulphurisation becomes less attractive to refineries and fuel
buyers compared to exports or purchases of distillate respectively.

Data inputs 0.5%S price premium compared to 2.7% average in the EU = $,009 58 / tonne

Entec, 2007. Analysis of Policy Measures to Reduce Ship Emissions in the Context of the Revision of the National
Emissions Ceilings Directive. Final Report to European Commission. April 2007.

Geographic focus EU-wide

Timeframe 2020

Other key assumptions Desulphurisation of residual fuel oil up to 0.5% S considered

Scenarios - Fuel switching from 2.7% sulphur residual oil (RO) down to 1.5% sulphur RO

- Fuel switching from 2.7% sulphur residual oil (RO) down to 0.5% sulphur RO
- Fuel switching from 2.7% sulphur residual oil (RO) down to 0.1% sulphur RO

Additional conclusions Depending on crude oil price levels, desulphurisation becomes less attractive to refineries and fuel
buyers compared to exports or purchases of distillate respectively.

Data inputs 0.5% S price premium compared to 2.7% average in the EU = $,009 51 / tonne
0.1% S price premium compared to 2.7% average in the EU = $,409 170 / tonne

Beicip Franlab 2002. Advice on the Costs to Fuel Producers and Price Premium Likely to Result from a Reduction
in the Level of Sulphur in Marine Fuels Marketed in the EU. Report to the European Commission.

Geographic focus EU-wide
Timeframe 2005 /2008
Scenarios - Raising the sulphur limit for DMC grade fuel from 0.2% to (i)1.5% ii)1% by 1/1/2005

- Increasing supply of low S MGO (DMA, DMB or DMX) to: (i) 8.4 MT at 0.2%S by 1/1/2005; (ii) 8.4
MT at 0.1%S by 1/1/2008

- Prohibiting the sale of MGO (DMA, DMB or DMX) over (i) 0.2%S by 2005 (ii) 0.1%S by 2008

Data inputs 0.5% S price premium compared to 1.5% average in the EU using re-blending = $2009 12-15 / tonne

0.5% S price premium compared to 1.5% average in the EU using lower sulphur crude oil = $2009
38- 43 /tonne

0.5% S price premium compared to 1.5% average in the EU using de-sulphurisation = $209 76 - 90
/ tonne

All the estimates above are based on crude oil prices considerably below those used in this project.
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Robin Meech 2008. The Impact of Marine Emission Legislation on the Bunker Industry. Presentation at pre-
conference workshop MARPOL Annex VI Regulations on marine fuels/air emissions / EnviroArabia 2007. Marine
and Energy Consulting Ltd.

Geographic focus World - wide

Timeframe 2010/2015

Scenarios -Reducing the sulphur level to 1.5% S compared to 3% S (IFO 380)
-Reducing the sulphur level to 1% S compared to 3% S (IFO 380)

Data inputs (inputs to assumptions in Blend IFO 380: 98% residual fuel oil, 2% MGO = 3% S

modelling) Blend 1.5% S: 46% residual fuel oil, 54% MGO = 3% S

Blend 1% S: 30% residual fuel oil, 70% MGO = 3% S

Interviews/Stakeholder Comments

The stakeholder comments with regards to fuel prices are found in section 5 of the Stakeholder Workshop Report
attached as Appendix C.

According to stakeholder comments, the 1.5% S price premium projections should take into account the current
low compliance with the 1.5%S fuel requirements. Other dependencies include utility demand for 1.0% S fuel and
also flow of residual fuels from Russia into ARA (Amsterdam — Rotterdam — Antwerp). ARA has been a net
exporter of LSFO, but this is expected to change and lead to increased fuel prices.

An interview World Fuels™ suggested that the entire non-ECA world sulphur limit of 0.5% S will lead to
deficiency of low sulphur residual fuel oil and will require additional desulphurisation units, which can lead to a
price premium compared to 3.5% HSFO of $100/tonne. Additional data from World Fuels was included in the
quantitative analysis below.

The interview with Wood Mackenzie™ is summarised below:

There is currently a surplus of LSFO in North West Europe - a proportion of the fuel produced is used on-land,
another proportion is exported. All the HSFO is sold to marine bunkers, and additional imports are required into
Rotterdam to meet bunker demand.

The introduction of the 1.0 % S limit in SOx ECAs in 2010 (the SECAs are already at 1.5wt% sulphur) will not
lead to significant problems for UK refineries as they already produce 1% S LSFO. Some blending between 1%S
LSFO and 2.5-3% S LSFO currently occurs to reach the 1.5% sulphur limit in the SECAs. The increase in demand

>* Telephone interview of Entec with World Fuels, 8 April 2009.

> Telephone interview of Entec and Wood Mackenzie on 16 April 2009.
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for LSFO from the SOx ECAs by 2010 can be met from the current surplus LSFO production and no significant
price changes are expected due to relatively small volumes of fuel involved.

As the 0.1% S limit in SOx ECAs is introduced in 2015, this will require shippers to change from fuel oil to
distillates, such as diesel/gasoil. The additional demand for diesel in NW Europe will be exacerbated, which will
drive prices up. Wood Mackenzie estimates that the premium between 1% S LSFO and gasoil is $320 / metric
tonne in 2015. If NW European refineries were to try to meet the increased demand for gasoil, investments in
hydrocracking would need to be made now. The decision to make such an investment would not be made on basis
of the marine fuel demand in the SOx ECAs, this demand entails relatively small volumes of fuel. It would be a
combination of the road diesel demand and the demand from shipping.

Refinery upgrades in NW Europe are being reviewed/delayed/cancelled now due to the very low margins, which
Wood Mackenzie forecast to continue and therefore the deficit in diesel/gasoil is expected to grow. This deficit is
currently supplied by Russia and the Middle East and it is expected that it will increase in future (especially from
the Middle East).

If the world-wide 0.5% S limit is imposed in 2020, existing refining technologies cannot produce 0.5 wt% sulphur
fuel oil from all crude oils and so this would effectively mean a global swing to distillate. Although member states
of the MEPC have agreed on the proposal, Wood Mackenzie expect the refining industry will react to this proposed
amendment in the future. Global bunker demand in 2020 corresponds to about 200 Mt — to upgrade this fully to
distillate would require an estimated 80-100 major upgrading projects. According to Wood Mackenzie, it is hard to
believe that the world could manufacture and implement these projects for this to become a reality by 2020. The
IMO has stated that this sulphur cap of 0.5 wt% may be postponed to 2025 subject to a feasibility review scheduled
to be completed no later than 2018. As a result, Wood Mackenzie believe that the 0.5% S limit will not be imposed
after the review of the MARPOL Annex VI in 2018.

Approach for projecting fuel prices based on IEA historic data

Entec used the following three steps to derive fuel price projections on basis of the set crude oil price scenarios:

1. Derive econometric equations for the relationship between crude oil prices and key petroleum product
prices.

2. Determine the levels of blending required for obtaining 1.5%, 1%, and 0.5% S fuels.
3. Produce fuel price projections for different sulphur levels.
These steps are outlined in detail below:

Determine the econometric relationship between crude oil and petroleum products
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Entec used IEA historic data for 1985 to 2008 to produce econometric relationships between crude oil prices and
the prices of marine fuels or other relevant petroleum products, including gasoil (equivalent to MGO, with a
sulphur content of 0.1%), IFO380 (an intermediate marine fuel with a sulphur content of 3%), and 1% S LSFO
(low sulphur heavy fuel oil). The following equations were obtained:

Dependent Variable Equation R?
Equation 1 Gasoill Pgasoil = -0.16028+1.221* P CRUDE 0.99
Equation 2 IFO 380 PIFO380 = 0.4593+0.69886* P CRUDE 0.97
Equation 3 1% S HFO P 1% S HFO = 1.5191+0.75492* P CRUDE 0.97

The following conversion rates were applied for the fuel types analysed:

MGO 1 MT= 7.45 barrels
LSFO 1 MT= 6.6 barrels
IFO 380 1 MT= 6.47 barrels

We were able to test the equation for the price of gasoil by deriving it on basis of Equation 1 above and the forward
price of crude oil reported in World Fuels for 2010 — 2014. These estimates were tested against the forward price of
gasoil reported in World for 2010 to 2014 with a satisfactory result, see chart below:

Figure A2 Comparison forward and projected prices
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Source: World Fuels, Entec calculations on basis of IEA data
Determine the levels of blending required

In the case of 1% S fuel, it is possible to obtain a price projection on the basis of the econometric relationship
between crude oil and 1%S LSFO. For other levels of sulphur historic price data are not available. In addition it is
widely accepted that blending between gasoil and residual fuel oil will occur to reach the required sulphur level.
We calculated the blending rates on basis of IFO380 (3%S) and MGO (0.1%S°®) sulphur levels:

Table A.2 Blending proportions

Target sulphur level Proportion IFO380 (3%S) in Proportion MGO in blend Proportion LSFO in blend
blend, in % (0.1%S), in % (1%S), in %
1.5% 48% 52%
1.5% 25% 75%
1% 31% 69%
0.5% 14% 86%

These proportions were obtained by applying a “goal seek” function to the proportion of fuels used in the blend on
the basis of the sulphur content in the base fuels.

Produce fuel price projections for different sulphur levels
The fuel price projections for MGO with 0.1% S are based on the four crude oil price scenarios and equation 1.
The fuel price projections for 1% S LSFO are based on the four crude oil price scenarios and equation 3.

The fuel price projections for other levels of sulphur are based on Equations 1 and 2 and the blending rates above:

Price of fuel with target sulphur Equation
level:
1.5% = 0.25*Pirosso+0.75 * P Lsrorus

1%

0.31*Pir0380+0.69 * P casor

0.5% 0.44"Piro3so+0.56 * P gasoi

>0 Historic pricing for gasoil refers to 0.2% S gasoil up to 2007 and 0.1% gasoil from 2007. For consistency
between projected gasoil 0.1% prices and the prices of blended fuels, it is assumed that 0.1% gasoil will be used for
blending in the future.
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Results of fuel price projections

The following results have been obtained using the method above:

1.5% S

For 1.5% S fuel only 2010 data is required for the modelling; this is derived on basis of blending of IFO380 (3%S)
and 1% S LSFO:

Table A.5 Projected 1.5%S blended fuel prices on basis of Entec econometric analysis of IEA data, $/tonne

Crude oil price scenario 2010 2011 2012 2013 2014 2015
Scenario 1 256 260 265 269 273 278
Scenario 2 265 278 291 305 318 331
Scenario 3 296 340 385 429 473 518

Cross - checking note: This compares to an estimated price of $,9090 345 / tonne obtained on the basis of forward
World Fuel prices of LSFO (1%S) and HSFO (3.5%S) and a blending ratio of LSFO and HSFO of 80:20.

Another method of blending entails mixing MGO and IFO380 (3%S), with the following price implications:

Table A.6 Projected 1.5%S blended fuel (distillate) prices on basis of Entec econometric analysis of IEA data,

$/tonne
Crude oil price scenario 2010 2011 2012 2013 2014 2015
Scenario 1 351 357 363 370 376 382
Scenario 2 363 382 401 420 439 458
Scenario 3 408 471 534 597 660 723

1%S

At 1% S, two sets of results were obtained 1% S LSFO price projections and projections for a 1% S blend of
IFO380 and MGO, see Table A.8 and Table A.9 below:
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Table A.7 Projected of 1%$S LSFO Prices, $/tonne

Crude oil price scenario 2010 2011 2012 2013 2014 2015
Scenario 1 264 268 273 277 282 286
Scenario 2 273 286 300 313 327 341
Scenario 3 304 350 395 440 486 531

Source: Entec on basis of IEA data

Table A.8 Projected 1%S blended fuel (distillate) prices on basis of Entec econometric analysis of IEA data, $/tonne

Crude oil price scenario 2010 2011 2012 2013 2014 2015
Scenario 1 390 397 404 411 419 426
Scenario 2 404 426 447 468 489 510
Scenario 3 454 524 594 664 734 804

Source: Entec on basis of IEA data

0.5%S

A blend is expected to be used in order to reach a 0.5% S limit:

Table A.9 Projected 0.5%S blended fuel (distillate) prices on basis of Entec econometric analysis of IEA data,

$/tonne
Crude oil price scenario 2015 2016 2017 2018 2019 2020
Scenario 1 469 476 484 492 500 507
Scenario 2 561 584 607 631 654 677
Scenario 3 885 962 1039 1116 1193 1270

Source: Entec on basis of IEA data

0.1%S

It is assumed that at this sulphur level, 100% MGO will be used:
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Table A.10 Projected MGO prices on basis of Entec econometric analysis of IEA data, $/tonne

Crude oil price scenario 2010 2011 2012 2013 2014 2015
Scenario 1 503 512 520 528 536 545
Scenario 2 602 627 652 677 702 727
Scenario 3 950 1032 1115 1198 1281 1363
Source: Entec on basis of IEA data

Price Premium

Price premium have been derived in relation to the baseline reference fuels as follows:

Table A.11  Price premium for fuels with 0.1%S compared to 1.5%S

Premium = Price MGO (0.1%S) — Price of 1.5% S

blend between LSFO (1%S) and IFO380 (3%S) Al AN Avly AU Avi) A
Scenario 1 225 229 233 237 241 244
Scenario 2 271 283 294 306 317 329
Scenario 3 432 470 508 547 585 623
Premium = Price MGO (0.1%S) — Price of 1.5%S blend

between IFO380 (3%S) and MGO 2015 2016 2017 2018 2019 2020
Scenario 1 121 123 125 127 129 131
Scenario 2 145 150 156 162 168 174
Scenario 3 227 247 267 286 306 326
Table A.12 Price premium for fuels with 1%S compared to 1.5%S

Premium = Price LSFO (1%) - Price of blend between

LSFO 1%S and IFO380 (3%s) - $/tonne el Al A2 A AE Ak
Scenario 1 8 8 8 8 8 8
Scenario 2 8 8 9 9 9 9
Scenario 3 9 10 10 11 12 13
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Table A.13  Price premium for fuels with 0.5%S compared to 3%S

Premium = Price of 0.5% S blend between MGO (0.1%S) and

IFO380 (3%S) 2020
Scenario 1 234
Scenario 2 311
Scenario 3 581

The premium have been derived on basis of IFO380 (3%S) prices. These are roughly in line with average High
Sulphur Fuel Oil prices; the specification for this fuel is between 2.5% sulphur and 3% sulphur, but the literature
refers generally to this fuel as 2.7% Sulphur. We assume no price difference for the reference sulphur level of 2.7%
and 3% for these reasons.

Table A.14 Price reduction for fuels with 3%S compared to 1.5% S as a result of the use of SWS in SO ECAs

Price reduction = Price of 3% S - Price of blend 2015 2016 2017 2018 2019 2020
between LSFO 1%S and IFO380 (3%s) - $/tonne

Scenario 1 -25 -25 -26 -26 -26 -26
Scenario 2 -28 -29 -30 -30 -31 -32
Scenario 3 -39 -41 -44 -46 -49 -51

Discussion of fuel price projections

Comparison with literature estimates

The figure below presents the price premium of 0.5% and 0.1% fuels compared to [FO380 prices on basis of the
Entec projections and compares these to the highest and lowest estimates in found in the reviewed five literature
sources for the corresponding year (see discussion in section 1.2.1 above):
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Figure A.3 Low sulphur fuel price premium estimates’ comparison

Premium:3%S to 0.5%S Premium:3%S t0 0.1%S
1000 1000
[ |
800 ~ [ | 800 ~
Q Q
g 600 - - g 600 - [ |
s 400 - S 400 - =
200 | | L] 200 n
A
0 4 A 0 A
2010-2015 2020 2010-2015 2020

Note: squares = Entec estimates, triangles = literature estimate, red = high, green = low.

It suggests that the Entec price estimates are consistently higher than the price premium in the reviewed literature.
We believe that the main reasons for the differences are

e the base fuel price projections used in deriving the premium — Entec uses higher estimates, and
e the averaging of IMO 2008 price premium per average tonne of fuel used world-wide, both within the
SOx ECA (with a low sulphur limit) and outside SOx ECA regions (with a high sulphur limit) for each

scenario produces an underestimate for fuel prices in the SOx ECA regions.

The price premium obtained through econometric analysis is internally consistent across all the sulphur levels and
is consistent with the crude oil price projections used for this project.

Limitations and uncertainties

One of the key limitations of the econometric analysis is that it assumes that the historic relationship will continue
to hold, provided that everything else stays constant. The expected changes in sulphur level requirements and in
crude oil prices (the scenarios modelled include prices well above observed in the past) can lead to a change in the
relationship between the variables modelled in an unpredictable way.

As noted by some stakeholders, the long-term econometric relationships are not always reflected in the short term
market fluctuations — e.g. there are cases when lower sulphur fuel is traded for higher prices than higher sulphur
fuel or when residual fuel oil is more expensive than crude oil. However, for a long-term forecasting exercise, these
short term fluctuations are both less relevant and impossible to predict.

At higher price premium levels, two desulphurisation sources may start competing with a blended fuel: on-ship
desulphurisation, which is analysed in detail in the Marpol Annex VI IA and refinery desulphurisation — for
example the World Fuels energy economics expert interviewed as part of this project suggested that at 0.5% non-
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ECA sulphur levels, the supply of gasoil will be insufficient, which will lead to investments in refinery
desulphurisation and result in a price premium of $100 / tonne of fuel.

The modelling does not account for the benefits incurred as a result of the fuel quality difference that ensues from a
higher MGO proportion.
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Appendix B
Results of Econometric Analysis

1% S LSFO at Rotterdam and Crude Oil (Brent) prices

Ordinary Least Squares Estimation
Dependent variable is LSFO
276 observations used for estimation from 1986M1 to 2008M12

AAA A A A A AT A A A A A A A A A A A A A A A A A A A A A AAEAAAA AKX XA AAAAAAXAXAAAXAAAAAATAAXAAXAAAAAAAAAXAAAAAXAAXX*X

Regressor Coefficient Standard Error T-Ratio[Prob]
INTCPT 1.2289 .35434 3.4681[.001]
CRUDE .76064 -0095153 79.9383[.000]
R-Squared .95888 R-Bar-Squared .95873
S.E. of Regression 3.5502 F-stat. FC 1, 274) 6390.1[.000]
Mean of Dependent Variable 23.8231 S.D. of Dependent Variable 17.4765
Residual Sum of Squares 3453.4 Equation Log-likelihood -740.3140
Akaike Info. Criterion -742.3140 Schwarz Bayesian Criterion -745.9344
DW-statistic -34360

LR e o R e

Diagnostic Tests
AEAEAEAAEAAEAAEAAAA AKX AAAA AKX AKX AA AL AKX AXAAXTAXAAXAAXAAXAAXAAXAAAXAXAXAXAIAAXAAXAAXAAXAAAXATAXAAXAAXAAhddhdhdx

* Test Statistics * LM Version * F Version *
* * * *
* A:Serial Correlation*CHSQ( 12)= 195.7105[.000]*F( 12, 262)= 53.2201[.000]*
* B:Functional Form  *CHSQ( 1)= 75.0929[.000]*F( 1, 273)= 102.0390[.000]*
* * * *
*

C:Normality *CHSQ(  2)= 324.3640[.000]* Not applicable *
* *

* *

* D:Heteroscedasticity*CHSQ( 1)= 96.5343[.000]*F( 1, 274)= 147.3842[.000]*
R R e e o R e R e e e R e e e e R R e S R R R e R e e e R e R R R R e R e e e e
A:Lagrange multiplier test of residual serial correlation
B:Ramsey"s RESET test using the square of the fitted values
C:Based on a test of skewness and kurtosis of residuals
D:Based on the regression of squared residuals on squared fitted values
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Gasoil (Rotterdam) and crude oil (Brent) prices

Ordinary Least Squares Estimation

Dependent variable is GASOIL
288 observations used for estimation from 1985M1 to 2008M12

Regressor Coefficient Standard Error T-Ratio[Prob]
INPT -.16028 .26231 -.61102[.542]
CRUDE 1.2210 .0071110 171.7038[.000]
R-Squared -99039 R-Bar-Squared -99036
S_.E. of Regression 2.6537 F-stat. FC 1, 286) 29482 .2[-000]
Mean of Dependent Variable 36.0020 S.D. of Dependent Variable 27.0262
Residual Sum of Squares 2014.0 Equation Log-likelihood -688.7249
Akaike Info. Criterion -690.7249  Schwarz Bayesian Criterion -694.3878
DW-statistic .55758

Diagnostic Tests

*

Test Statistics * LM Version * F Version *

¥ ook X X % X % %

* * *

A:Serial Correlation*CHSQ( 12)= 159.1695[.000]*F( 12, 274)= 28.2105[.000]*
* * *

B:Functional Form *CHSQ( 1)= 11.1619[.001]*F( 1, 285)= 11.4910[.001]*
* * *

C:Normality *CHSQ(  2)= 396.2432[.000]* Not applicable *
* *

*

D:Heteroscedasticity*CHSQ( 1)= 13.2026[.000]*F( 1, 286)= 13.7408[.000]*

A:zLagrange multiplier test of residual serial correlation

B:Ramsey"s RESET test using the square of the fitted values

C:Based on a test of skewness and kurtosis of residuals

D:Based on the regression of squared residuals on squared fitted values
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IFO 380 (Rotterdam) and crude oil (Brent) prices

Ordinary Least Squares Estimation

Dependent variable is IFO
276 observations used for estimation from 1986M1 to 2008M12

Regressor Coefficient Standard Error T-Ratio[Prob]
INPT -45930 .27698 1.6582[.098]
CRUDE .69886 -0074381 93.9570[ -000]
R-Squared -96990 R-Bar-Squared -96979
S.E. of Regression 2.7752 F-stat. FC 1, 274) 8827 .9[-.000]

Mean of Dependent Variable 21.2186 S.D. of Dependent Variable 15.9658
Residual Sum of Squares 2110.2  Equation Log-likelihood -672.3398
Akaike Info. Criterion -674.3398 Schwarz Bayesian Criterion -677.9602
DW-statistic -46032
Diagnostic Tests

* Test Statistics * LM Version * F Version *
* A:Serial Correlation*CHSQ( 12)= 175.7982[.000]*F( 12, 262)= 38.3053[.000]*
* B:Functional Form  *CHSQ( 1)= 23.6624[.000]*F( 1, 273)= 25.6000[.000]*
* C:Normality *CHSQ(  2)= 252.1070[.000]* Not applicable *
* * * *
*

D:Heteroscedasticity*CHSQ(  1)= 59.9715[.000]*F( 1, 274)= 76.0650[.000]*

A:Lagrange multiplier test of residual serial correlation

B:Ramsey®"s RESET test using the square of the fitted values

C:Based on a test of skewness and kurtosis of residuals

D:Based on the regression of squared residuals on squared fitted values
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Copyright and Non-Disclosure Notice

The contents and layout of this report are subject to copyright
owned by Entec (© Entec UK Limited 2009) save to the extent
that copyright has been legally assigned by us to another party or
is used by Entec under licence. To the extent that we own the
copyright in this report, it may not be copied or used without our
prior written agreement for any purpose other than the purpose
indicated in this report.

The methodology (if any) contained in this report is provided to
you in confidence and must not be disclosed or copied to third
parties without the prior written agreement of Entec. Disclosure of
that information may constitute an actionable breach of confidence
or may otherwise prejudice our commercial interests. Any third
party who obtains access to this report by any means will, in any
event, be subject to the Third Party Disclaimer set out below.

Third Party Disclaimer

Any disclosure of this report to a third party is subject to this
disclaimer. The report was prepared by Entec at the instruction of,
and for use by, our client named on the front of the report. It does
not in any way constitute advice to any third party who is able to
access it by any means. Entec excludes to the fullest extent
lawfully permitted all liability whatsoever for any loss or damage
howsoever arising from reliance on the contents of this report. We
do not however exclude our liability (if any) for personal injury or
death resulting from our negligence, for fraud or any other matter
in relation to which we cannot legally exclude liability.
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1.

Introduction

1.1

Introduction by DfT, MCA and Entec

Brian Turner and Edmund Hughes explained the Government position and the scope of work of
the DfT and MCA studies.

See presentation 090330 workshop introduction_DfT.PPT attached.

See presentations attached.

DfT MCA workshop - Introduction_Entec.ppt

DfT MCA workshop - DfT study.ppt

DfT MCA workshop - MCA study.ppt

1.2

121

Discussion of study scope

MCA project

Questions and answers:
Q How will the impact assessment affect future govt policies, given the tacit amendment

procedure?

A The Annex VI Amendment will go ahead - this is an early opportunity to review effects.

Entec work helps MCA and industry think about the issues that may arise further to the
implementation of Annex VI. In addition, there is some flexibility with regards to the
implementation of Annex VI Amendment at national level. This may be affected by the
IA.

Q Why is the NOx ECA not included in the analysis?

A This is outside the scope of work of the current study.

Comments

1.

There is industry concern of emission reduction policy on short-sea shipping and it is
not entirely clear who will bear the cost of this impact.

2. The study needs to take into account the links of the shipping industry to society in
general — e.g. it would be beneficial for shipping emissions to increase if that is
associated with a decrease in road emissions, and to transport logistics in particular.

3. Stakeholder comment: 2010 MARPOL target likely to be achievable, other targets
aimed for, but feasibility not yet certain.
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6. Discount Rates

1. The consultants will be using 3.5% and 8% discount rates for the analysis.

2. Some operators use payback thresholds of 4 years.

3. The stakeholders provided no additional suggested discount rates.

4. The stakeholders asked that transparent assumptions are used in reporting.
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Appendix D
Details of data sources, baseline and projection
calculations

Data sources

Entec has recently (2008)°” completed a study for Defra that developed a gridded ship emissions inventory for UK
waters, defined as 200 nautical miles from the UK coastline. To include more complete coverage of the North Sea,
the study area was extended further East.

Underpinning the emissions inventory are individual vessel movements and characteristics data provided by Lloyds
Marine Intelligence Unit (LMIU) for the year 2007. To ensure more complete coverage of vessel movements and
time of arrival and departure, particularly for passenger vessels, LMIU has provided supplementary Automatic
Identification System (AIS) data that is transmitted by vessels to shore stations and includes information about a
ships position and course. These vessel movements data have been used in the development of a detailed GIS based
route network across the study area. In addition to the ship movements, engine emission factors and engine load
factors have been assigned to each vessel, based on a vessel’s engine type, installed power and assigned fuel type.
When combined, the above data enable the calculation of emissions from each vessel and their spatial
disaggregation across the study area. More information on the methodology and assumptions used can be found in
the Entec (2008) study.

Fuel combustion-based pollutants were considered in the emissions inventory (i.e. SO,, NOx, PM, 5, PM;,, VOCs
and CO,), and fuel consumption was also estimated. The primary focus of the emission inventory was the 2007
baseline, although emission projections have been developed for 2010, 2015 and 2020 with annual ship movement
growth rates of 2%, 3% and 4%. These projections include the current provisions of the SCMF Directive and the
1997 MARPOL Regulations, and did not take into account the recent amendments to the MARPOL Annex VI
Regulations.

The outputs of the UK ship emissions inventory study that are relevant to this study are the emission estimates split
by grid cell (the EMEP unified domain has been used, although the resolution has been refined to grid cells of
approximately Skm by 5km). In addition to the above total emission estimates and fuel consumption (i.e. not split
by grid cells) have been split by:

e fuel type (RO, MDO, MGO);

e vessel type (e.g. passenger vessels and other vessels);

>7 Entec (2008) UK Ship emissions Inventory, Final report, October 2008, Report for Defra.
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e flag type (UK or other); and
e movement type (i.e. UK domestic, UK international and other)

The estimates from the Entec (2008) study have been just recently revised to take into consideration MARPOL
Annex VI amendments.*® This revision has used broad assumptions in order to provide emission projections to
Defra as soon as possible, to ensure that any subsequent UK modelling on human health and ecosystem impacts
considers emissions from ships that comply with the recent MARPOL Annex VI amendments.

Therefore, the emission estimates developed for Defra and the published information on vessels and / or engine’

have been used in this study and have been adjusted further to reflect specific assumptions used in this study. The
following sections describe various considerations on the approach adopted and the approach and assumptions used
for adjusting these estimates.

Considerations on the geographical coverage of the approach adopted

The Entec (2008)’” study quantifies emissions within the 200 nautical miles from the UK coastline as shown in
Figure D.4 (the study area was extended further East to ensure a more complete coverage of the North Sea). The
UK has powers of jurisdiction to the UK pollution control zone (controlled waters) which is defined by SI
1996/2928, as amended by SI 1997/506. As it can be seen in Figure D.4 controlled waters extend further to the
North West than the study area considered in Entec (2008), although overall, it seems that the Entec (2008) study
area extends further to the East, South, West and North East when compared to controlled waters. For the purposes
of this study, the Entec (2008) study area will be used, and the geographical difference between this and controlled
waters is recognised.

% Technical Note: Revision of ‘UK Ship emissions inventory study to incorporate MARPOL Annex VI
amendments’, (March 2009)
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Figure D.4 Map of UK waters as defined in Entec (2008)57 (left) and Map of UK pollution control zone™ (right)

Other considerations

The Entec (2008) study highlights that fuel consumption and emission estimates should be viewed in the context of
the key areas of uncertainty (summarised in the report produced for Defra). In particular, the uncertainty associated
with missing movements from the Entec (2008) study is expected to have a notable impact on fuel consumption
and emission estimates.

The source of vessel movements used in the Entec (2008) study is the Lloyd’s MIU database. This database aims
to cover all merchant vessels over 100 GT engaged in international trade, although in many cases this may also
include details of domestically trading vessels. Although Lloyd’s MIU market themselves as the “only
organisation that systematically collects global ship movements information via (...) port-based (...) network [of
agents]”, they do not guarantee the database’s coverage to be 100%. Therefore, the database is unlikely to include

* MCA (2006), National Contingency Plan for Marine Pollution from Shipping and Offshore Installations,
Appendix C, August 2006.
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100% coverage of the vessel movements which it aims to cover. In addition to this, it is expected that the database
will not have a complete coverage of vessels that it does not aim to cover, i.e. other types of vessels (e.g. passenger
vessels), small merchant vessels and merchant vessels engaged in domestic trade.

For the Entec (2008) study, in order to improve coverage of vessels which call at port more than once a day (e.g.
cross-channel ferries), the standard Lloyd’s MIU database has been supplemented with Automated Identification
System (AIS) data for 2007 (where such vessels have been identified) to populate the daily movements of vessels
operating on short, frequent transits, such as cross channel ferries. Therefore, it is expected that the database will
not have a complete coverage of passenger vessels (as some vessels will not have been captured under the standard
Lloyd’s MIU database and thus movements will not have been supplemented by AIS data).

Furthermore, there are some movements that are specifically excluded from the Lloyd’s MIU database as far as UK
waters are concerned and these are:

e movements in inland waterways;
e vessels employed in supply, dredging or dumping at sea;
e some movements between Scotland’s Western Isles;

e regular small domestic ferries crossing estuaries over a distance of less than 2 kilometres; and

most yachts and small fishing vessels.

Overall, to give an indication of the potential significance of movements that have not been considered in the Entec
(2008) study, the total number of callings captured by the Lloyd’s MIU dataset is approximately 85% from that
reported by DfT Maritime Statistics.

It should be noted that Defra is currently considering how to supplement missing fuel consumption and estimates
from vessels involved in domestic transits, to ensure a more complete coverage of the inventory produced.

Finally, fuel consumed and emissions from drilling rigs and platforms have not been considered. It should be noted
that the contribution of such sources to total emission estimates is trivial as the revised MARPOL Annex VI does
not cover exploitation and extraction from oil rings.

Vessel fleet projections

In order to project the size of the fleet in 2020 projections of the increase in trade must be considered; however in
order to ensure consistency with fuel consumption and emission projections for this study, the vessel projections
have been constrained by a 1% growth per annum in fuel consumption (see next section that describes assumed
growth in fuel consumption). Therefore, the annual average increase in vessel numbers from 2007 to 2020 from
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IMO (2008)® (based on scenario B1) was divided by the annual average increase in CO, from 2007 to 2050 (IMO
2008) (based on scenario B1) in order to give the total increase in vessel numbers for a 1% annual increase in fuel
consumption. This factor was then applied to all types and sizes of vessels in 2007 (as reported in the Entec
(2008)"® study) to project vessel numbers up to 2020.

It is important to note that this method does not take into consideration future changes in the proportion of different
sizes and types of vessels in the fleet.

Projecting fuel consumption into the future

One of the key assumptions when projecting emissions to a future year is the assumed growth rate. As described
above, the primary focus of the emission inventory (Entec, 2008)°’ was the 2007 base year, although emission
projections were also developed for 2010, 2015 and 2020, based on the 2007 estimates. Published annual growth
factors show that annual increases in ship emissions have been assumed to range from 1.5% to 4.1%.°' Given the
wide range of published growth rates (presented in the Entec 2008 report) and the high range of uncertainties
associated with each, for the purposes of the Entec (2008) study a low, medium and high estimate of growth was
applied to future emission forecasts (2%, 3% and 4% respectively). This growth rate accounted for both an
increase in the size of the fleet and an increase in the number of movements of existing vessels (as it has been
applied on emissions / fuel consumption).

A 1% annual growth rate has been assumed in this study as similar growth rates have been recently used by various
Governmental Departments, such as the DfT®, for projecting CO, emissions in the future.® In addition to this, a

% IMO Report by the Marine Environment Protection Committee, 58th Session (Agenda Item 4), ‘Prevention of
Air Pollution from Ships: Updated 2000 Study on Greenhouse Gas Emissions from Ships — Phase 1 Report’.
September 2008

" AEA Energy & Environment, CE Delft, Marintek, DLR, Entec & Manchester Metropolitan University,
Greenhouse gas emissions from shipping; trends, projections and abatement potentials, Final report to the
Committee of Climate Change, September 2008.

62 Carbon Pathways Analysis, Informing Development of a Carbon Reduction Strategy for the Transport Sector,
July 2008, http://www.dft.gov.uk/pgr/sustainable/analysis.pdf

8 Also, in line with the assumptions used in a study currently being undertaken by Entec for the DfT on “Costs and
Benefits of Abatement Options for Greenhouse Gas Emissions from Shipping Services Arriving and Departing
from UK Ports”
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similar growth rate has been used in the paper that announces the level of the UK’s first three carbon budgets (i.e.
~0.9%, estimated based on emission projections presented in the report).**

Approach for estimating future fuel consumption and emission projections for the ‘Do nothing’
scenario

The starting point for the assessment of fuel consumption and emissions is the 2007 baseline taken from the Entec
(2008) study. In this, it is assumed that vessels are using either residual oil (RO) with 2.7% by mass sulphur
content, marine diesel oil (MDO) with 1.5% sulphur or marine gas oil (MGO) with 0.2% sulphur, as per Table
D.15. The 2007 estimates assume that the provisions of the SCMF Directive with respect to SO, ECAs are met for
the full calendar year. One of the key assumptions made in this study was that all vessels switch to distillates when
entering a SO, ECA. This assumption was based on a study by CONCAWE®  that concluded that for refineries the
cost of desulphurisation is high but has little increase in value of the final product, whereas the alternative process,
which is further distillation of the residual oil (RO) to produce a range of distillates, has a slightly higher cost but
results in a large increase in the value of the end products. For this reason it was assumed that the majority of
refineries will opt for the latter option, and therefore desulphurised RO was not expected to be a key fuel used for
compliance.

With respect to nitrogen oxide (NOx) emissions, the assumption in the baseline is that engines installed post-2000
have a 17% lower emission factor than those installed pre-2000. The age of the engine is assumed to be the same
as the age of the vessel.

Table D.15 Fuel Type used per Vessel and Engine Type in 2007 baseline (original assumptions based on expert

advice from the CONCAWE project steering group (Entec, 2007)%°)

Non-SOyx ECA SO, ECA
Vessel Type ME Fuel Type AE Fuel Type ME Fuel Type AE Fuel Type
Bulk Carrier RO MGO MDO MGO
Container Ship RO RO MDO MDO

% HM Treasury, HM Government, Building a low-carbon economy: implementing the Climate Change Act 2008,
April 2009, http://www.hm-treasury.gov.uk/d/Budget2009/bud09 carbon budgets 736.pdf.

% CONCAWE (2006) Techno-economic analysis of the impact of the reduction of sulphur content of residual
marine fuels in Europe

% Entec (2007), Ship Emissions Inventory — Mediterranean Sea, Final Report, A report for CONCAWE, April
2007
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Non-SOx ECA SOx ECA
Vessel Type ME Fuel Type AE Fuel Type ME Fuel Type AE Fuel Type
General Cargo RO MGO MDO MGO
Passenger’ MDO MDO MDO MDO
Ro — Ro cargo® RO RO MDO MDO
Tanker RO MGO MDO MGO
Others3 MGO MGO MGO MGO
Fishing4 MGO MGO MGO MGO

! Passenger vessels are assumed to be using MDO, in order to comply with the 1.5% sulphur limit of the SCMF Directive for
fuels used by used by passenger vessels on regular services between EU ports. For Passenger vessels with a kW Power
greater than 4 times the deadweight of the vessel, it is assumed that the ME fuel type is MGO and the AE fuel type is MGO.

2 For smaller Ro-Ro Cargo vessels it is assumed that the AE fuel type is MGO.
% For larger ‘Other’ vessels it is assumed that the ME fuel type is MDO in a SOx ECA and RO outside a SO, ECA.
* For larger Fishing vessels it is assumed that the ME fuel type is MDO in a SO, ECA and RO outside a SO, ECA.

Note — Small vessels are defined as vessels with a Gross Tonnage of <5,000 and large vessels are defined as vessels with a
Gross Tonnage of >25,000

RO (1.5%) is currently sold in North and West Europe®’. In addition to this, the stakeholders at the workshop held
on the 30™ of March 2009 (see Appendix C for details) suggested that the use of low sulphur RO in order to comply
with the existing MARPOL Annex VI and SCMF Directive should be considered, as RO with 1.5% sulphur could
be an order of magnitude cheaper than distillates. RO with 1.5% sulphur is available in other countries. For
instance, in Brazil RO is desulphurised and low sulphur RO is being exported to Europe and the Far East.
Therefore, for this study the 2007 baseline emissions have been adjusted on the assumption that low sulphur RO
(1.5% S) is used rather than MDO (1.5%). These adjustments have been made by quantifying changes in emission
factors. The percentage difference between the 2007 emission factors used in Entec (2008) and the adjusted 2007
emission factors is applied to the baseline emissions in order to calculate the revised 2007 emissions.

Under the ‘Do nothing’ scenario, the revised 2007 baseline emissions are projected forward to 2020 with an
adjustment made for a reduction in the sulphur content of MGO, as presented in Figure D.5.

57 BunkerWorld, 2009, Available from: http://www.bunkerworld.com/quality/?grade=IFO380&todate=2009-4-
22&fromdate=2009-3-23
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Figure D.5 Fuel Type changes for “without policy” scenario

Non SOx SOx ECAs Non SOx SOx ECAs
ECAs in 2007 in 2007 ECAs in 2020 in 2020

MGO (0.2%) MGO (0.1%)

The NOx emissions are also adjusted, to represent the change in the age of the fleet; each year 4% of the old
vessels are replaced by new vessels, therefore, a higher proportion of the fleet has post-2000 engines in 2020 than
in 2007.

One again, the adjustments mentioned above have been made by quantifying changes in emission factors. The
percentage difference between these ‘Do nothing” emission factors and the adjusted 2007 emission factors is
applied to the revised 2007 emissions to estimate the 2020 ‘Do nothing’ emissions projections. An adjustment is
then made to all emissions to account for a 1% annual growth in fuel consumption.

Approach for estimating future fuel consumption and emission projections for the ‘Do nothing’
scenario

As described in section 3.5.1 there are various technically feasible options that operators can choose in order to
comply with the revised MARPOL Annex VI requirements. These include, switching fuels, (i.e. switch to marine
gas oil (MGO) or marine diesel oil (MDO)) and / or fitting scrubbers and switching to liquefied natural gas (LNG).

Under the main “full implementation” scenario (i.e. the scenario used for the benefits modelling), the revised 2007
baseline emissions are projected forward to 2020 with an adjustment for fuel switching and abatement uptake
(more specifically, sea water scrubbers — SWS) as presented in Figure D.6.

5% Based on a 25 year life of a vessel
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Figure D.6 Fuel Type and abatement changes for “with policy” scenario

Non SOx Non SOx SOx ECAs SOx ECAs
ECAs in 2007 ECAs in 2020 in 2007 in 2020

10% ( 10%
RO (2.7%) + SWS >

( )\
( )\
MGO (0.2%) MGO (0.1%)

The assumption of a 90/10 split between fuel switching and scrubbers is based on an IMO publication.”® This

A 4

RO (2.7%)

A 4

document assumes scrubbers are used with RO (rather than MDQO). Assuming that the same fuel (i.e. RO 2.7%) is
used both within and outside SO, ECAs means that vessels do not need to fit both an additional fuel system (if
required) and SWS.

The NOy emissions are also adjusted, to represent the change in the age of the fleet and the requirements of the
revised NOy Technical Code. The age distribution of the fleet has been calculated using the same 4% annual
replacement rate. For pre-2000 vessels the high NO, emission factor is applied, or the retrospective NOj limit if
this is lower. For vessels introduced between 2000 and 2010 the post-2000 emission factor is applied. For vessels
introduced between 2010 and 2020 either the post-2000 emission factor is applied, or the NO, limit if this is lower.
This is summarised in Table D.16. An average NOx emission factor, weighted by the fleet distribution (developed
for Defra’), is then estimated for each engine and fuel type combination.
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Table D.16 NOXx emission factor adjustments.

% fleet
Engine age distribution SSD MSD HSD GT ST
in 2020
pre 1990
0.00% n/a n/a n/a n/a n/a
not applicable Tier 0 13.24% pre2000 pre2000 pre2000 pre2000 pre2000
not applicable Tier | 0.10% post2000 post2000 post2000 post2000 post2000
not applicable Tier Il 0.12% post2000 post2000 post2000 post2000 post2000
pre2000 except pr‘ZZtOS(;(;F;(zzpt prg%(;(;gf)ggpt
Tier O 12.43% “at sea” apply 50% of AEs “manoeuvring” pre2000 pre2000
limit anoly limit and 50% of
pply AEs apply limit
Tier | 34.34% post2000 post2000 post2000 post2000 post2000
post2000
0st2000 post2000 except “at sea”,
+ o p “ H except “at sea” RO
Tier Il 39.76% except “at sea o “ s post2000 post2000
aoply limit and 50% of manoeuvring
pply AEs apply limit and 50% of
AEs apply limit

As described above, the adjustments have been made by quantifying changes in emission factors. The percentage

difference between these ‘full implementation’ emission factors and the adjusted 2007 emission factors is applied

to the revised 2007 emissions to estimate the 2020 ‘full implementation’ emissions projections. An adjustment is

then made to all emissions to account for a 1% annual growth in fuel consumption.
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Appendix E
Expected costs for the UK Refining Industry

Supporting information on expected costs for the UK Refining Industry

IMO (2007)" has used the WORLD model, developed by EnSys, to estimate the repercussions of the revised
Annex VI for the global petroleum industry. IMO (2007) estimates the following additional investments and
additional global refinery units and capacities by 2020 to meet with distillates the demand of 0.1% sulphur fuels in
designated areas and 0.5% globally by 2020%:

Table E.17 Additional capacities and unit to meet low sulphur fuels demand 2020

Process unit Additional capacities 2020 Additional units 2020
(million ton/year)

0.1% ECAs | 0.5% global | 0.1% ECAs 0.5% global
Atmospheric distillation unit 13 54 3 11
Vacuum distillation unit 36 250 15 106
Hydrocracker 66 214 29 95
Coker 20 42 9 19
Hydrogen plant (Mbfoed) 0.15 0.51

Source: IMO (2007)"

IMO estimates additional investments in refineries of $28 billion to meet the demand for 0.1% S fuel in designated
areas and $126 billion to meet the demand for 0.5% S globally, as compared to the base case without a revised
MARPOL Annex VI.

Estimates of additional capacities to meet demand for the 0.1% S limit in SOx ECAs assume that 77 million tonnes
of residual oil would need to be switched to distillates, and that 11 million tonnes of marine distillate fuels would
need further desulphurisation to meet the low sulphur limit. The IMO has considered that approximately 15% of the
total global marine bunker demand would be in SOx ECAs under three potential options for designated areas. For
the global switch to 0.5%S, IMO assumes a 2020 base fuel demand of 104 million tonnes of distillates and 381
million tonnes of residual bunkers.

% A case combining both requirements has not been studied by IMO (2007) and therefore the figures provided
consider a 0.1% requirement in designated areas and a 0.5% S requirement globally, not excluding designated
areas.
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These upgrading projects worldwide would need to be implemented in a period of 10 years from the current date to
allow for compliance with the revised MARPOL Annex VI now, as they would take around 4-5 years to implement
and would need to be scheduled according to the refinery’s turnaround including shutdowns approximately every 5
years™. Additionally, residual oils would lose a significant share of their market if the shipping industry opts for
switching fuels instead of using scrubbers to meet the 0.5% S requirement.

The increased production of marine distillates would lead to increased CO, emissions from the refining process.
These increased emissions have been estimated by the IMO as 28 million tCO,/year for fuels consumed in SOx
ECAs and 133 million tCO,/year for fuels consumed globally. IMO estimations include emissions from refinery
fuel combustion as well as emissions from process units (hydrogen production). We have estimated the share of
those emissions that would be attributable to fuels consumed in the UK, making the same assumption as the IMO,
that all fuels are switched and no scrubbers are implemented to meet with the requirements (uptake scenario A).
The global refinery sector would emit an additional 0.9 million tCO,/year for fuel consumption out of SOx ECAs in
the study area and 2.4 million tCO,/year for fuel consumption in SOx ECAs in the study area. Additional CO,
emissions from the global petroleum industry would be around 90% of those estimated for Scenario A under uptake
scenario B and no additional CO, emissions would be expected under uptake scenario C.

Supporting data - Oil products consumption and production in the UK

Currently, the UK oil demand shows a high share of petrol and diesel products, with a small share of fuel oil (this
constitutes around 6% of demand).

Figure E.7 UK oil product demand profile
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Fuel oil demand has experienced a sharp decline since 1972 as a result of substitution by gas. Since that period,
over half the UK refineries have been closed and most of the remaining refineries invested in catalytic crackers to
convert some of the fuel oil into other products, with petrol forming over 40% of the output from some refineries.
Since 1990, increased demand for diesel products due to their better fuel economy and higher density caused UK
demand for petrol to fall by over a fifth, which requested further changes in the UK refining mix.

Figure E.8 UK sales of fuel oil
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Source: UKPIA, (2006)"°

The demand for refined products in the UK is primarily satisfied by UK refiners, supplemented by trade (imports).
In 2005, the UK was a net exporter of 9.9 Mt of refined products®®. Total net trade of diesel/gas oil reached 0.3 Mt
and fuel oil 6.3 Mt. The excess petrol and fuel oil are exported mainly to the US, whilst jet fuel and diesel are
imported from the Middle East and Russia to augment UK production.

Although currently UK refineries produce more petrol, fuel oil and diesel/gas oil than is required in the UK, a
deficit of diesel is expected in the future’’. Wood Mackenzie (2007)*® predicts that the diesel/gas oil surplus will
turn into a deficit in 2010 with demand growing strongly over the period but beginning to fall after 2015.

O UKPIA (2006) The future of UK oil refining
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Figure E.9 UK future product balances
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Wood Mackenzie (2007)*® expected an increased bunker fuel demand up to 2020, which would compensate for
inland demand reduction of fuel oil. This forecast may be reversed by the new sulphur content requirements
included in the revised Annex VI of MARPOL, which would involve the need for distillates to meet sulphur
content levels at 0.5% and 0.1%. As a result, both surplus of heavy fuel oils and deficit of diesel/gas oil would be
higher than predicted.

Supporting data - UK refining industry

The UK has the fourth largest refining capacity in Europe’. Information from Wood Mackenzie (2007)*® shows a
total refinery nameplate capacity of 1,774,650 bpcd in 2006. BP Statistical Review of World Energy (2008)
presents a higher value of 1,836,000 bpcd in 2006, remaining constant in 2007.
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Table E.18 Main fuel refineries in the UK

Refineries Owner Capacity (bpcd)
Coryton BP 163,400
Fawley ExxonMobil 317,000
Grangemouth INEOS 196,650
Killingholme ConocoPhillips 190,000
Lindsey Total 218,000
Milford Haven Total & Murco 102,600
Pembroke Chevron Texaco 209,000
Stanlow Shell 267,000
Teeside Petroplus 111,000

Source: WoodMackenzie (2007)

There is currently a mismatch between supply of and demand for refinery products in the UK, with a surplus of
petrol and fuel oil and a deficit of jet fuel/kerosene. Considering the projected baseline UK demand in 2015, it
would be necessary to invest in a hydrocracker and coker refinery configuration to supply the amount of distillates

required for the shipping industry to comply with the revised MARPOL Annex VI. This will require extensive

modifications to existing FCC (Fluidized Catalytic Cracking) refineries.

Only one refinery investment relevant to achieving reduced sulphur emissions from shipping is known to date: the
Total Lindsey refinery which has started the construction of a desulphurisation unit which will allow the refinery to

. 28
increase the amount of sour crude processed™ .

UK refineries are currently not well placed to attract investment, being generally considered as mid to low

performers in terms of their competitive position as compared to European refineries, as shown in the figure below

measuring Net Cash Margin per barrel.
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Figure E.10 Competitive refinery position per country
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Appendix F
Modelling shipping industry compliance responses

Approach

Uptake scenario C in the cost section of the main report has been developed based on an assessment of the rational
economic behaviour of the different types of vessels that estimates the payback period for investments in scrubbers
for the three fuel premium scenarios at four different points in the implementation period: 2010, 2015, 2018 and
2020.

Our model reflects the decisions made on uptake of abatement measures for one sample vessel assuming that one
vessel will decide to install SWS if their payback period for the fuel cost savings is 4 years or less.

The model assumes that vessels installing SWS would continue to use 1.5%S in SOx ECAs and 2.7% S globally
and therefore would not have to cover additional fuel costs resulting from low sulphur fuel premium. The model
firstly estimates the expected total (in and out of the study area) annual fuel consumption of each vessel type and
size, by assuming average days at sea, average load and specific fuel consumption of a sample vessel. The
percentage of fuel consumption of each vessel in SOx ECAs is derived as fuel consumption in SOx ECAs in the
study area divided by the estimated total fuel consumption. As clarified in the Costs section of the report, auxiliary
engines of bulk carriers, general cargo, tankers and “other” vessels are assumed to run MGO in the baseline
scenario and therefore would only install scrubbers in their main engines. For all other vessels it has been assumed
that scrubbers would be installed in both main and auxiliary engines. The payback period for the industry that
triggers investments in new equipment is set at 4 years, as provided during the industry workshop. The discount
rate for this specific model is 8%. This rate better reflects the discount rates used by industry in their investment
decisions than the 3.5% rate use elsewhere in the report for cost estimates.

The model incorporates efficiency gains as a result of the switch to distillates and the increased fuel consumption
resulting from the use of SWS.

Assumptions

Assumption Value Comments

Inflation 0.0% Inflation assumed to be zero due to the expected increase
in fuel prices as part of our model

Payback period - critical number of years: 4
Discount Rate (real terms): 8.00%
2010 SWS Capex main engine Only ($/kW) (New): 282
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Assumption Value Comments

2010 SWS Capex main engine only ($/kW) (Retrofit): 288

2010 SWS Capex main and auxiliary engines ($/kW) (New): 174 Cost per kW obtained by using the average ME/AE ratio
for these 3 categories

2010 SWS Capex main and auxiliary engines ($/kW) (Retrofit): | 221

SWS Opex (% of new vessel Capex): 2.00% Same operating costs for new and retrofit vessels, as a
percentage of new vessels capex

SWS Capex decline 2010 to 2020: 0-50% Results modelled for both static SWS cost and decreasing
costs between 2010 and 2020

Total fuel consumption per vessel Calculated for total operations of a sample vessel (in and
outside the study area) by assuming average days at sea,
average load and specific fuel consumption

% of fuel consumption in SOx ECAs Approximated as fuel consumption in SOx ECAs in the
study area divided by the estimated total fuel
consumption. The proportion of time spent within/out SOx
ECAs does not change over time

Container, passenger and Ro Ro will install scrubbers in both

main and auxiliary engines. All other vessel types will only

install scrubbers in main engines, as they are assumed to use

MGO in their auxiliary engines

Efficiency gains as a result of using distillates instead of 95.5% One tonne of residual oil is replaced by 0.95 tonnes of

residual oil distillates

Increased fuel consumption as a result of the use of SWS 1.7%

Fuel premium Appendix A

Vessel sizes Appendix |

The percentage of fuel consumption in SO, ECAs has been estimated as the fuel consumption in SO, ECAs in the

study area divided by the estimated global consumption of sample vessels according to their hours at sea, load

factor and specific fuel consumption per engine size. The estimated values are provided in Table F.19

Table F.19 Assumed percentage of operations in SOx ECAs for each vessel type and size

Vessel type and size

Average % global operations in SO, ECAs

Bulk carrier
Small

Medium

Large
Container ship

Small

28%
6%
3%

53%
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Vessel type and size

Average % global operations in SO, ECAs

Medium
Large
General cargo
Small

Medium
Large
Passenger
Small
Medium
Large

Ro-Ro Cargo
Small
Medium

Large

12%
8%

27%
6%
2%

5%
24%
42%

30%
39%
8%

The percentage of fuel consumption in SOx ECAs has been estimated as the fuel consumption in SOx ECAs in the
study area divided by the estimated global consumption of sample vessels according to their hours at sea, load

factor and specific fuel consumption per engine size. The estimated values are provided in the following table:

Table F.20 Assumed percentage of operations in SOx ECAs for a sample vessel operating in UK waters, classified
per type and size

Vessel type and size

Average % global operations in SOx ECAs

Bulk carrier
Small

Medium

Large
Container ship
Small

Medium

Large

General cargo

Small

28%
6%
3%

53%

12%

8%

27%
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Vessel type and size Average % global operations in SOx ECAs

Medium 6%
Large 2%
Passenger

Small 5%
Medium 24%
Large 42%
Ro-Ro Cargo

Small 30%
Medium 39%
Large 8%
Results

The model suggests that, by 2018, for all types and sizes of vessels and for all fuel premium scenarios, it would
make economic sense to invest in SWS instead of switching to distillates. Installing scrubbers by 2018 would
make economic sense for both vessels with 100% of their operations in SOx ECAs and those with 100% of their
operations outside SOx ECAs. However, for vessels with 100% of their operations in SOx ECAs, the decision to
install scrubbers would be made as soon as 2015, while for most vessels with no operations in SOx ECAs the
decision the installation of scrubbers would be considered after 2018.

Scenario C takes into account the results of this model assuming a 100% uptake of scrubbers in 2020 for both new
and existing vessels and the progressive uptake by new vessels starting in 2015. As a result, by 2020, 25% of
vessels would have installed scrubbers at their design stage (new vessels) while 75% of vessels would have
retrofitted SWS. The 100% SWS uptake scenario by 2020 does not take into account the impact of barriers to
implementation such as the uncertainty of the new technology, the space requirements, limited production capacity
or aesthetic considerations.

The following tables show the expected payback period for each vessel size and type both under the assumption
that SWS costs would remain constant through the period 2010-2020 and the assumption that they will steadily
decrease to reach costs 50% lower in 2020. Payback periods are estimated for 4 years in the period: 2010, 2015,
2018 and 2020 and for the 3 different fuel price premium scenarios. Cells coloured in green indicate payback
periods equal to or lower than 4 years and accordingly expected investments in SWS in the relevant year.
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Table F.21 Payback period for investments in SWS under fuel premium Scenario 1 and for static SWS cost (years)

Container: Small: ME + AE | New
Retro

Medium: | ME + AE | New
Retro

Large ME + AE | New
Retro

Passenger: Small: ME + AE | New
Retro

Medium: | ME + AE | New
Retro

Large ME + AE | New
Retro

Ro-Ro: Small: ME + AE | New
Retro

Medium: | ME + AE | New
Retro

Large ME + AE | New
Retro

Bulk: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro

Gen Cargo: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro

Tanker: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro

Other: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro
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Table F.22 Payback period for investments in SWS under fuel premium Scenario 2 and for static SWS cost (years)

Container: Small: ME + AE | New
Retro

Medium: | ME + AE | New
Retro

Large ME + AE | New
Retro

Passenger: Small: ME + AE | New
Retro

Medium: | ME + AE | New
Retro

Large ME + AE | New
Retro

Ro-Ro: Small: ME + AE | New
Retro

Medium: | ME + AE | New
Retro

Large ME + AE | New
Retro

Bulk: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro

Gen Cargo: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro

Tanker: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro

Other: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro
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Table F.23 Payback period for investments in SWS under fuel premium Scenario 3 and for static SWS cost (years)

Container: Small: ME + AE New
Retro

Medium: | ME + AE New
Retro

Large ME + AE | New
Retro

Passenger: Small: ME + AE | New
Retro

Medium: | ME + AE New
Retro

Large ME + AE | New
Retro

Ro-Ro: Small: ME + AE New
Retro

Medium: | ME + AE New
Retro

Large ME + AE | New
Retro

Bulk: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro

Gen Cargo: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro

Tanker: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro

Other: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro
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Entec

Table F.24 Payback period for investments in SWS under fuel premium Scenario 1 and for a 50% decrease SWS
costs between 2010-2020 (years)

Container: | Small: ME + AE | New
Retro

Medium: ME + AE | New
Retro

Large ME + AE | New
Retro

Passenger | Small: ME + AE | New
Retro

Medium: ME + AE | New
Retro

Large ME + AE | New
Retro

Ro-Ro: Small: ME + AE | New
Retro

Medium: ME + AE | New
Retro

Large ME + AE | New
Retro

Bulk: Small: ME New
Retro

Medium: ME New
Retro

Large: ME New
Retro

Gen Cargo | Small: ME New
Retro

Medium: ME New
Retro

Large: ME New
Retro

Tanker Small: ME New
Retro

Medium: ME New
Retro

Large: ME New
Retro

Other Small: ME New
Retro

Medium: ME New
Retro

Large: ME New
Retro
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Entec

Table F.25 Payback period for investments in SWS under fuel premium Scenario 2 and for a 50% decrease SWS
costs between 2010-2020 (years)

Container: Small: ME + AE | New
Retro

Medium: ME + AE New
Retro

Large ME + AE | New
Retro

Passenger: Small: ME + AE | New
Retro

Medium: ME + AE New
Retro

Large ME + AE | New
Retro

Ro-Ro: Small: ME + AE | New
Retro

Medium: ME + AE | New
Retro

Large ME + AE | New
Retro

Bulk: Small: ME New
Retro

Medium: ME New
Retro

Large: ME New
Retro

Gen Cargo: Small: ME New
Retro

Medium: ME New
Retro

Large: ME New
Retro

Tanker: Small: ME New
Retro

Medium: ME New
Retro

Large: ME New
Retro

Other: Small: ME New
Retro

Medium: ME New
Retro

Large: ME New
Retro
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Table F.26 Payback period for investments in SWS under fuel premium Scenario 3 and for a 50% decrease SWS

costs between 2010-2020 (years)

Container: Small: ME + AE New
Retro

Medium: | ME + AE New
Retro

Large ME + AE | New
Retro

Passenger: Small: ME + AE | New
Retro

Medium: | ME + AE New
Retro

Large ME + AE | New
Retro

Ro-Ro: Small: ME + AE New
Retro

Medium: | ME+ AE | New
Retro

Large ME + AE | New
Retro

Bulk: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro

Gen Cargo: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro

Tanker: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro

Other: Small: ME New
Retro

Medium: | ME New
Retro

Large: ME New
Retro
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Conclusions

Our estimations show that fuel premium savings in SO, ECAs from 2015 and additional savings outside SOx ECAs
from 2020 make SWS a cost-efficient option for compliance as soon as 2015 for some vessel types and sizes and
for all vessels types and sizes and fuel price premium scenarios’' by 2020. Cost-efficiency is defined in terms of
the payback period of investing in SWS. A payback period lower than 4 years is considered to trigger investments
across the industry. The investment decision is modelled for a sample vessel of each type and size using fuel in SOy
ECAs only for a percentage of its global operations that remains stable through the period of study.

For simplification and according to the payback period results, uptake scenario C in this report assumes that all
vessel types and sizes would adopt SWS in 2020 and only new vessels would adopt SWS from 2015.

! Except small retrofit RoRo under Scenario 1 with a 5 year payback in 2018.
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Appendix G
Approach for Quantifying Benefits

Monetisation of health impacts

The impacts on human health have been quantified and are presented in IOM’s report included previously. The
main health impacts have also been monetised using IGCB recommended health values taken from Chapter 2 of the
IGCB report “Economic Analysis to inform the Air Quality Strategy, July 2007”"*. The values applied are
replicated in the table below.

Table G.27 IGCB recommended health values

Health effect Form of measurement to which the valuations | Central value | Sensitivity
apply (2004 prices)

Acute mortality Number of years of life lost due to air pollution, | £15,000 10% and 15% of life years valued at
assuming 2-6 months loss of life expectancy for every £29,000 instead of £15,000 (to
death brought forward. Life expectancy losses assumed account for the avoidance of sudden
to be in poor health. cardiac deaths in those in apparently

good health.

Chronic mortality Number of years of life lost due to air pollution. Life | £29,000 £21,700-£36,200 (sensitivity around
expectancy losses assumed to be in normal health. the 95% confidence interval)

Respiratory hospital | Case of a hospital admission of average duration 8 | £1,900-9,100 £1,900-£9,600
admissions days.

Cardiovascular hospital | Case of a hospital admission of average duration 9 | £2,000-9,200 £2,000-£9,800
admissions days.

These recommended values have been converted to 2009 prices, assuming an inflation rate of 2.5%, and then
uplifted to 2020 using a rate of 2%. The monetised benefits have then been discounted using a rate of 3.5%. This
is in line with IGCB and Treasury Green Book Guidance.

The annual monetised benefits based on the central recommended IGCB health values are presented below.

7 http://www.defra.gov.uk/environment/airquality/publications/stratreview-analysis/chap-2-icgb.pdf
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Table G.28 IGCB CENTRAL Health Values: Annual benefits to the UK in 2020 (Present Value, £2009 prices) (Note 1)

Health Impacts Associated with Associated with Associated with Total
reductions in PM10 reductions in NO; reductions in SO,
emissions emissions emissions
Estimated reduction in
number of life years lost 308-616 0.06-0.2 308-616
(Emillion)
Estimated reduction in
respiratory hospital 0.4-2.1 0.01-0.03 0.04-0.2 0.5-2.3
admissions (Emillion)
Estimated reduction in
cardiovascular  hospital 0.3-1.6 0.3-1.6
admissions (Emillion)
Total 300-620 0.01-0.03 0.09-0.3 300-622

Note 1: Benefits associated with emission reductions from all vessels in the study area as defined in Entec (2008).

The annual monetised benefits based on the sensitivity ranges for health values recommended by the IGCB are

presented below for comparison.

Table G.29 IGCB SENSITIVITY Health Values: Annual benefits to the UK in 2020 (Present Value, £2009 prices) (Note 1)

Health Impacts Associated with Associated with Associated with Total
reductions in PM10 reductions in NO; reductions in SO,
emissions emissions emissions
Estimated reduction in 230-769 0.06-0.2 230-769
number of life years lost
(Emillion)
Estimated reduction in 0.4-2.2 0.01-0.03 0.04-0.2 0.5-24
respiratory hospital
admissions (Emillion)
Estimated reduction in 0.31.7 0.3-1.7
cardiovascular hospital
admissions (£million)
Total 231-773 0.01-0.03 0.09-0.4 232-775
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Monetisation of environmental impacts

No recognised approach for the valuation of damage or damage avoided to ecosystems is currently available.
Therefore, environmental benefits have not been considered for valuation for this Impact Assessment.
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Appendix H
The revised MARPOL Annex VI Regulations

Sulphur Oxides (SOy) and Particulate Matter

The 2008 Annex VI revision stipulated in Regulation 14, time-limited sulphur content limits, with the aim to
reduce emissions of SO, and particulate matter. Key provisions are presented in Box 1 below and the time-limited
sulphur content limits are represented graphically in Figure H.11.

Revised MARPOL Annex VI - Regulation 14: Sulphur Oxides (SOx) and Particulate Matter

General Requirements
1. The sulphur content of any fuel oil used on board ships shall not exceed the following limits:
1 4.50% m/m prior to 1 January 2012;
2 3.50% m/m on and after 1 January 2012; and
8 0.50% m/m on and after 1 January 2020.
Requirements within Emission Control Areas
3. For the purpose of this regulation, Emission Control Areas shall include:
1 the Baltic Sea area as defined in regulation 1.11.2 of Annex |, the North Sea as defined in regulation 5(1)(f) of Annex V; and

2 any other sea area, including port areas, designated by the Organization in accordance with criteria and procedures set forth
in appendix Il to this Annex.

4. While ships are operating within an Emission Control Area, the sulphur content of fuel oil used on board ships shall not exceed the
following limits:

1 1.50% m/m prior to 1 July 2010;

2 1.00% m/m on and after 1 July 2010; and

3 0.10% m/m on and after 1 January 2015.
Review Provision

8. A review of the standard set forth in subparagraph 1.3 of this regulation shall be completed by 2018 to determine the availability of
fuel oil to comply with the fuel oil standard set forth in that paragraph (...).

10. The Parties, based on the information developed by the group of experts, may decide whether it is possible for ships to comply with
the date in paragraph 1.3 of this regulation. If a decision is taken that it is not possible for ships to comply, then the standard in that
subparagraph shall become effective on 1 January 2025.
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Figure H.11 Revised MARPOL Annex VI - Fuel Sulphur Limits
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The revised Annex VI Regulation 14 does not make any reference to the alternative of exhaust gas cleaning
systems, as was the case in the previous Regulation 14. Instead, this provision for using end of pipe exhaust
cleaning is given in Regulation 4 (Equivalents); see 0.

Revised MARPOL Annex VI - Regulation 4: Equivalents

1. The Administration of a Party may allow any fitting, material, appliance or apparatus to be fitted in a ship or other procedures, alternative
fuel oils, or compliance methods used as an alternative to that required by this Annex if such fitting, material, appliance or apparatus or other
procedures, alternative fuel oils, or compliance methods are at least as effective in terms of emissions reductions as that required by this
Annex, including any of the standards set forth in regulations 13 and 14.

Nitrogen Oxides (NOx)

The IMO NOx emission standards are referred to as Tier I, II and III standards. The Tier I standards were defined
in the 1997 version of Annex VI, while the Tier II/III standards and a standard for ships constructed before 2000
were introduced by Annex VI amendments adopted in 2008 (Regulation 13), as follows:

e Standard for ships constructed before 2000 — applies to engines with power output >5,000kW and a
per cylinder displacement >=90 litres installed on a ship constructed between 1/1/1990 and
31/12/1999, subject to availability of approved engine upgrade kit;
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e Tier I (1997 Protocol, in force”) — applies to each engine greater than 130 kW installed on ships
constructed between 1/1/2000 and 31/12/2010, or which undergo a major conversion between these
dates;

e Tier II (Revised Annex VI, comes into force July 2010) — applies to each engine greater than 130 kW
installed on ships constructed between 1/1/2011 and 31/12/2015, or which undergo a major conversion
between these dates; and

e Tier III (Revised Annex VI, comes into force July 2010) — applies to each engine greater than 130 kW
installed on ships constructed on or after 1/1/2016, or which undergo a major conversion on or after
this date. Only applies to ships operating in an Emission Control Area. Does not apply to craft of
length <24m designed and used for recreational purposes.

The NOx emission limits are set for diesel engines depending on the rated engine speed (crankshaft revolutions per
minute (rpm)), as shown in Table H.30 and presented graphically in Figure H.12. “Tier 0°, Tier I and Tier II limits
are global, while the Tier III standards apply only in NOx Emission Control Areas (there are currently no NOx

Emission Control Areas designated).

Table H.30 Revised MARPOL Annex VI - NOx Emission Limits (n = rated engine speed, rpm) for new engines, and, for
Tiers |, Il and lll, for engines undergoing major conversions.

Tier Date NOx emission limit, g/kWh

n <130 130 £ n <2000 n 22000
Standard for ships 0.2
constructed before 2000 1990-2000 17.0 45xn 9.8
Tier | 2000 - 2011 17.0 45 x n? 9.8
Tier Il 2011+ 14.4 44 x n% 7.7
Tier Il 2016+ (Note 1) 3.4 9 x n? 1.96

Note 1: In NOx Emission Control Areas (Tier Il standards apply outside ECAs).

73 The ‘in force’ refers to the obligation to meet Tier I for new engines installed after 1/1/2000. The Revised Annex
VI introduces new Tier II which would place a limit on Tier I applicability of 31/12/2010.
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Figure H.12 Revised MARPOL Annex VI - NOx Emission Limits
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Appendix |
Abatement Measures for compliance with SOx limits

Key measures for compliance with SOx requirements

There are a number of measures that ship operators could apply to reduce SO, emissions for compliance with the
revised MARPOL Annex VI. These are outlined in the table below.

Table 1.31 SO, abatement measures

Measure Abatement efficiency (%)

End of pipe technologies

Sea Water Scrubbing (SWS) V¥ (75-100%)

Fuel measures

LNG ¥ (99%)

MGO V¥ (dependant on sulphur content of MGO)
MDO V¥ (dependant on sulphur content of MDO)
Biofuels 100% biodiesel or plant oil V¥ (95-99%)

V indicates a decrease in emissions

The relevant literature reviewed in this Appendix and the results from the industry workshop, as detailed in
Appendix C, show that the most likely abatement measures to be implemented for compliance with the revised
Annex VI SOy limits are fuel switching from RO to low sulphur fuels (low sulphur RO and distillates) and
installation of sea water scrubbers that would allow ships to continue using low sulphur RO (1.5%) both in and out
of SO ECAs. Switching to LNG is an option, with greatest potential for LNG tankers (1% of the total fleet) and for
ferries where repeated port to port operation means that limited infrastructure is required. The use of biofuels for
compliance is not a likely alternative, considering the already limited capacity to supply biofuels to meet road
transport requirements.

This appendix includes a review of the three main measures available for compliance with SO, limits: installation
of scrubbers, fuel switch to low sulphur fuels and switch to LNG. For each measure, the following information is
provided:
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e SO, abatement efficiency;

e Multi-pollutant impacts (abatement efficiencies for CO,, NOx and PM if relevant);
e Impacts on fuel consumption;

e Interaction, if any, with other abatement measures;

e Lifetime;

e Applicability e.g. vessel category specific, fuel specific, engine specific;

e Beyond business as usual uptake (considering MARPOL Annex VI Revision);

e Maximum potential uptake (e.g. considering if possible, availability of fuels and applicability of
technology);

e Costs (capital costs, operating costs and total annualised costs) for vessels (if applicable, per vessel
type and size) and / or tonnes of fuel consumed. In addition to this, cost implications for other sectors
affected — mainly refineries, fuel suppliers and technology providers - will also be considered;

e Expected cost reductions with increased commercialisation, if applicable;

e Impacts of barriers to implementation on take-up rates, if applicable;

e Hidden and missing costs, if applicable;

e Key assumptions made by Entec when analysing the data.

A summary of the reviewed information is provided for each of the measures.

Scrubbers

Technical description of the measure

When a scrubber is employed, the exhaust gases containing SOy are passed through a chamber where they come
into contact with chemicals (wet or dry) which react with the SO, and remove it from the exhaust gases. The most
common type of scrubbing for marine applications is sea water scrubbing (SWS), where the SOy reacts with
calcium carbonate (CaCQ;) in the seawater, to form calcium sulphate (gypsum) and CO,. The reaction is complete
in a very short time, so the equipment which brings the exhaust gas into contact with the seawater can be relatively
compact and still achieve high reduction efficiencies (~95%)’*. This reaction depends on the CaCOs-content of the
available water and therefore the performance will be limited in brackish and fresh water: all European Marine

™ CE Delft, Germanischer Lloyd, MARINETEK, Det Norske Veritas (2006) ,’Greenhouse Gas Emission for
Shipping and Implementation Guidance for the Marine Fuel Sulphur Directive’
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waters have normal marine alkalinity or higher, except the Baltic Sea’* (therefore sea water scrubbing will be
appropriate for all areas considered in this study).

It is also possible to use sodium hydroxide (NaOH) in a solution of sea water to increase the SO, removal potential
per unit volume of the scrubbing agent (sea water/NaOH solution); this makes it possible to achieve high abatement
efficiencies when operating in brackish and fresh waters. Currently, this technology is less well developed than the
use of sea water alone. Clean Marine’ is known to be developing this type of scrubber; small scale tests have been
conducted at an engine producer’s facility and sea trials are planned for 2009. The NaOH is produced through
electrolysis of sea water; this process currently occurs on shore, but could occur onboard in the future. As the
NaOH comes from the electrolysis of sea water the effluent produced will not contain any elements which are not
already present in ambient sea water. During tests on a IMW engine at the MAN facility in Holeby (2006-2008)
running with a 0.2% NaOH mix in sea water, pollutants were sequestered by: SOx ~98%, PM up to 85%, NOx 15%
and CO2 16%. It is probably possible to sequester more by adding more NaOH and it is understood that this will be
experimented with when trials begin on a I0OMW engine, due to start in June 2009°; it should be noted that the
potential for additional abatement is not known. The concentration of NaOH used in production models will be
determined by cost considerations.

During the scrubbing process, particulate matter is also removed from the exhaust gases: the reported efficiency of
PM removal varies from 25%, to ~95%*. After the scrubbing process the seawater is re-circulated and the solid
particles are trapped in a settling or sludge tank where they are collected for disposal, before the water is returned
to the sea. The environmental impact of scrubber waste water discharge depends on the ship traffic, water
exchange and the receiving waters’ sensitivity to the pollution: waste water dispersion models show that
discharges are rapidly diluted when the ships are in movement, so the critical situation is when the ship is at quay’*.

The exhaust gas leaving the scrubber may contain sulphuric acid formed by SOx from the combustion process
reacting with water from the scrubber. If this mist were to fall out as acidic precipitation in the vicinity of the
funnel, it may cause local acidification problems including potential corrosion of materials and exposure to
individuals”’. This problem is solved by a variety of methods, including: reheating the exhaust, injecting alkali
material into the exhaust gas and reducing the amount of oxygen available in the combustion process’®. There has
only been one reported experience of acid mist formation in early trials of the EcoSilencer scrubber and this was
due to suboptimal design’.

Data Sources

75 http://www.cleanmarine.no/index.htm

76 Personal communication from Nils Hoy-Petersen of Clean Marine on the 21 April 2009.

77 www.acidrain.org/pages/policy /NGO _submission MEPC_July05.pdf
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In this section, the available data on scrubbers from published reports, the workshop held with industry
stakeholders, the responses to questionnaires from industry stakeholders and interviews with key manufacturers are
presented. The range of available data is then summarised and analysed to determine assumptions that can be used
in further calculations. Three of the major producers of marine scrubbing equipment were contacted and asked to
contribute to this study; of these two agreed to be interviewed and the results are presented below (The suppliers’
identities are not revealed as the cost information could be commercially sensitive). The following reports have
been consulted in the literature review:

e Sub-committee on Bulk liquids and gases. Revision of MARPOL ANNEX VI and the NOx Technical
Code — Input from the four subgroups and individual experts to the final report of the Informal Cross
Government/Industry Specific Group of Experts (shipping subgroup) (December 2007).

e Service Contract on Ship Emissions: Assignment, Abatement and Market-based Instruments — Task
2¢ — SO2 Abatement. Entec (August 2005).

e Analysis of Policy Measures to Reduce Ship Emissions in the Context of the Revision of the National
Emissions Ceilings Directive. International Institute for Applied Systems Analysis, Norwegian
Meteorological Institute and Entec UK Ltd (2007).

e FoEI (2005) Reducing Shipping Emissions of Air Pollution — Feasible and Cost-effective Options.
Friends of the Earth International. Submission to the IMO Marine Environment Protection
Committee, 53rd session.

e Greenhouse Gas Emissions for Shipping and Implementation Guidance for the Marine Fuel Sulphur
Directive. CE Delft (2006).

e Ship emissions and technical emission reduction potential in the Northern Baltic Sea. Finnish
Environment Institute (2006).

Relevant data from these sources is summarised in the following tables:
Table .32  IMO report: Sub-committee on Bulk liquids and gases. Revision of MARPOL ANNEX VI and the NOx

Technical Code - Input from the four subgroups and individual experts to the final report of the Informal
Cross Government/Industry Specific Group of Experts (shipping subgroup) (December 2007)

Geographic focus of the study e  Worldwide

Timeframe of the study e 2007

SOy abatement efficiency e  Up to 95% reduction
Multi-pollutant impacts (abatement efficiencies for CO,, . PM: up to 80% reduction

NOyx and PM if relevant;)

Impacts of fuel consumption . Increase 1-1.5%
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Interaction, if any, with other abatement measures;

Applicability e.g. vessel category specific, fuel specific,
engine specific;

Uptake (considering MARPOL Annex VI Revision);

Maximum potential uptake (e.g. considering if possible,
availability of fuels and applicability of technology);

Costs (capital costs, operating costs and total
annualised costs) for vessels (if applicable, per vessel
type and size) and / or tonnes of fuel consumed. In
addition to this, cost implications to other sectors
affected, mainly refineries, fuel suppliers and technology
providers, will also be considered;

Impacts of barriers to implementation on take-up rates, if
applicable;

Hidden and missing costs, if applicable.

Key assumptions made by Entec when analysing the
data

If used in conjunction with SCR, there may be problems with the stability
of the vessel, due to the additional equipment on deck.

Exhaust gas will exit the scrubber at around 50°C, which could lead to a
conflict with the use of SCR, as SCR requires a higher temperature to
operate.

Scrubbing could potentially be applied to all types of vessel, providing
there is available space onboard.

Scrubbers are applied to 10% of the annual fuel consumption for the fleet
and are operated whether in or outside a SOx ECA.

Scrubbing could potentially be applied to 100% of vessels, so long as
there is sufficient space for the equipment.

Capital costs for an 8MW main engine is US$2m.

There is currently limited production capacity in the scrubber market (due
to limited demand), which could impose a restraint on the uptake of this
technology. As demand increases, the production capacity will increase
also, however manufacturers are unlikely to invest in sufficient capacity to
meet all demand before 2020, as this would lead to reduced demand and
hence over capacity post-2020.

Scrubber design must be compatible with the engine and back pressure
on the turbo charger

No significant problems associated with fitting SWS to new build. Fresh
water scrubbers will have additional space requirements for NaOH and
freshwater tanks.

Retrofitting will require additional corrosion-resistant piping, pumps and
valves to achieve the required flows and to integrate the scrubber with the
vessel.

Non-compliance costs, should the scrubbers fail

Opportunity Cost: Installation of scrubbers could take up to two months,
including commissioning (time in docks is not listed separately)

Removal and storage of exhaust cleaning residue is a specialised task
and will mainly be carried out by specialised contractors; this would be an
additional operational cost.

There may be increased maintenance costs, but it is too early to tell if the
equipment will require maintenance.

Training costs

Costs quoted in the report include installation costs and an estimated cost
for a scrubber system for a main 8MW engine of US$2m. Alternative
costs for the main and auxiliary engines and the boiler of an example
vessel were given, but the number and size of engines was not clearly
defined; therefore these costs were not used.
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Table .33  Service Contract on Ship Emissions: Assignment, Abatement and Market-based Instruments — Task 2c —

S02 Abatement, Entec (August 2005)

Geographic focus of the study

Timeframe of the study

SOy abatement efficiency

Multi-pollutant impacts (abatement efficiencies for CO,, NOx and PM if
relevant;)

Interaction, if any, with other abatement measures;

Lifetime

Applicability e.g. vessel category specific, fuel specific, engine
specific;

BAU uptake;

Maximum potential uptake (e.g. considering if possible, availability of
fuels and applicability of technology);

Costs (capital costs, operating costs and total annualised costs) for
vessels (if applicable, per vessel type and size) and / or tonnes of fuel
consumed. In addition to this, cost implications to other sectors
affected, mainly refineries, fuel suppliers and technology providers,
will also be considered;

Expected cost reductions with increased commercialisation, if
applicable;

Key assumptions made by Entec when analysing the data

European Union
2005 - 2020

Assumed 75% reduction, but that this would increase with
product development

25% PM reduction, 0% NOx reduction,

Reported one successful sea trial of use of scrubbers with
SCRin 1993

25 yrs

All vessel types

0%
100%

Costs were based on a single estimate for a 27MW engine
and presented for a range of vessel sizes.

Operation and maintenance costs (pump operation,
maintenance and sludge disposal) were estimated to be:
3% of Capex (small vessel), 2% (medium), 1% (large).
(Note 1)

Costs for retrofit could be reduced by 40%
Similar SO2 abatement efficiency could be achieved when

using fuels of varying sulphur content (as the trial was only
conducted on an engine using 2.7% sulphur residual oil).

Note 1: The estimate of operational costs includes the additional fuel costs of operating the pumps.

Table .34  Analysis of Policy Measures to Reduce Ship Emissions in the Context of the Revision of the National
Emissions Ceilings Directive. International Institute for Applied Systems Analysis, Norwegian

Meteorological Institute and Entec UK Ltd (2007)

Geographic focus of the study
Timeframe of the study
SOy abatement efficiency

Multi-pollutant impacts (abatement efficiencies for CO,, NOx and PM if
relevant;)

Lifetime
Applicability e.g. vessel category specific, fuel specific, engine specific;

BAU uptake;

. European Union
e 2007 —2020
. 75% reduction

. PM 25% reduction

. 15yrs
e  All vessel types

. 0%

Maximum potential uptake (e.g. considering if possible, availability of fuels . 100% for existing and new vessels
and applicability of technology);
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Table .35  FoEIl (2005) Reducing Shipping Emissions of Air Pollution — Feasible and Cost-effective Options. Friends
of the Earth International. Submission to the IMO Marine Environment Protection Committee, 53rd
session

SCRUBBERS

Geographic focus of the study
Timeframe of the study

SOy abatement efficiency

Multi-pollutant impacts (abatement efficiencies for CO,, NOx and PM if

relevant;)

Worldwide

2006 - 2020

74-80% reduction

Up to 80% PM reduction, 0% NOx

Table 1.36
Directive, CE Delft (2006)

Greenhouse Gas Emissions for Shipping and Implementation Guidance for the Marine Fuel Sulphur

Geographic focus of the study
Timeframe of the study

SO, abatement efficiency

Multi-pollutant impacts (abatement efficiencies for CO,, NOx and PM if

relevant;)

Costs (capital costs, operating costs and total annualised costs) for
vessels (if applicable, per vessel type and size) and / or tonnes of fuel

consumed. In addition to this, cost implications to other sectors

affected, mainly refineries, fuel suppliers and technology providers,

will also be considered;

Expected cost reductions with increased commercialisation, if
applicable;

European Union
2006 — 2010
90 - 100% reduction

PM — up to 95% reduction, CO2 — increase (unquantified)

As in Entec (2005)

As in Entec (2005)

Table 1.37
Environment Institute (2006)

Ship emissions and technical emission reduction potential in the Northern Baltic Sea. Finnish

Geographic focus of the study
Timeframe of the study

SOy abatement efficiency

Multi-pollutant impacts (abatement efficiencies for CO,, NOx and PM if

relevant;)

Costs (capital costs, operating costs and total annualised costs) for
vessels (if applicable, per vessel type and size) and / or tonnes of fuel

consumed. In addition to this, cost implications to other sectors

affected, mainly refineries, fuel suppliers and technology providers,

will also be considered;

Seas surrounding Finland
2005-2006

Up to 95% reduction

PM up to 80% reduction

As in Entec (2005)
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Table .38  Results from the Stakeholder Workshop (April 2009)

Geographic focus of the study

Applicability e.g. vessel category specific, fuel specific, engine
specific;

BAU uptake;

Maximum potential uptake (e.g. considering if possible, availability of
fuels and applicability of technology);

Costs (capital costs, operating costs and total annualised costs) for
vessels (if applicable, per vessel type and size) and / or tonnes of fuel
consumed. In addition to this, cost implications to other sectors
affected, mainly refineries, fuel suppliers and technology providers,
will also be considered;

Expected cost reductions with increased commercialisation, if
applicable;

Impacts of barriers to implementation on take-up rates, if applicable;

Hidden and missing costs, if applicable.

Waters surrounding the UK (200 mile limit)

Passenger vessels may not fit scrubbers for aesthetic
reasons.

A high uptake is unlikely

Space requirements will restrict the number of vessels that
can retrofit scrubbers;

A participant commented on the costs presented in Entec
2005; new costs were considered 30% too high and retrofit
costs 40% too high’®.

50-60% lower than current prices (as the product develops
between present and 2020)

New Technology — uncertainty over costs and technology;

Space requirements of technology — few vessels have the
available space to retrofit scrubbers. The space required is
likely to reduce as the technology is better understood,;

Aesthetic considerations for passenger vessels;

Design lag — Designing and building a ship is a lengthy
process and it may not be possible for ship owners to
instruct the ship yard to change the design to incorporate
scrubbers (NB: Yards are becoming more responsive).

Payback period is currently over the 4yr threshold which the
industry often uses for investment decisions; this may
reduce as the cost of scrubbers reduces.

Costs of waste disposal — Port authorities have made initial
contacts with service providers and it is thought that it can
be disposed of as part of the waste oil at ports.

Table .39  Results of interviews with key manufacturers

Interview with Supplier A

Description of manufacturer

Date of interview
Abatement efficiency

Interaction, if any, with other abatement measures;

Has successfully conducted sea trials and has patented
product.

November 2008
Up to 90% SO2 reduction

If there is an uptake in interest in the product, then future
designs may incorporate greater PM and NOx reductions.

7 Response from Mr. Don Gregory, Director of the EGCSA (Exhaust Gas Cleaning Systems Association), March

2009.
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Interview with Supplier A

Multi-pollutant impacts;

Lifetime

Applicability e.g. vessel category specific, fuel specific, engine
specific;

Costs (capital costs, operating costs and total annualised costs) for
vessels (if applicable, per vessel type and size) and / or tonnes of fuel
consumed. In addition to this, cost implications to other sectors
affected, mainly refineries, fuel suppliers and technology providers,
will also be considered;

Impacts of barriers to implementation on take-up rates, if applicable;

Up to 90% PM:s reduction (50% of total PM), up to 7% NOXx
reduction, COz2 increase by 1 — 2%reduction, COz2 increase
by 1-2%

25 years
Operators of many types of vessel have asked for quotes,

but the majority have been from mid-sized bulkers, tankers
and ferries.

Capital Costs as given by manufacturer:

Main engine: $125/kW

Aucxiliary engine: $162.5/kW

Installation cost (new): $800,000

Installation cost (retrofit): $1.1m

Difficult to secure finance, due to uncertainty over new
technology;

Fuel switching is quicker and easier to implement;

Supplier B

Description of manufacturer

Date of interview
Abatement efficiency
Multi-pollutant impacts;
Impacts of fuel consumption

Applicability e.g. vessel category specific, fuel specific, engine
specific;

Maximum potential uptake (e.g. considering if possible, availability of
fuels and applicability of technology);

Costs (capital costs, operating costs and total annualised costs) for
vessels (if applicable, per vessel type and size) and / or tonnes of fuel
consumed. In addition to this, cost implications to other sectors
affected, mainly refineries, fuel suppliers and technology providers,
will also be considered;

Impacts of barriers to implementation on take-up rates, if applicable;

Manufacturer has successfully fitted 2 vessels with
scrubbers and no problems have been reported with
operation.

April 2009

Up to 95%

PM reduction up to 80%, COz2 increase 1 — 2%
1-2%

Could potentially be applied to all types of vessels, but there
is an issue with the space requirements of scrubbers.
Operators of larger vessels have shown the greatest
interest.

Up to 30% take up

Total capital costs to retrofit all applicable ferries within the
EU were presented along with a list of vessels.

From this data Entec calculated that the cost for main and
auxiliary engines combined (including fitting) is $400/kW™°.

Space requirements;
Aesthetics;

Vessels operating in fresh/brackish waters/ ports with
precautionary emissions to water regulations.

" The manufacturer had stated that this was not the manner in which they calculate cost estimates and that the total

cost was arrived at through estimating the costs for each vessel independently. Entec has calculated the cost per

kW for comparison with other manufacturer’s prices.

Appendix |

Doc Reg No. 24870

July 2009




Entec

Creating the environment for business

Cost data analysis

Costs for scrubbers were presented in a variety of formats in the data sources (installation costs separately/included
in Capex, separate costs for auxiliary engines/combined with main engine costs, etc.), so in order to compare the
sources, costs were calculated for five different sizes of main engine, with the installation costs included. Costs are
presented by engine size, rather than by vessel size here, as vessels in different categories will have very different
engine sizes. Table .40 shows the engine sizes selected and the types of vessel they would be suitable for; these
were selected following analysis of the vessel/engine size distributions for the different categories of vessel.

Table .40  Engine Sizes for cost comparisons and applicability to categories of vessel
Engine Size (MW) 2 (] 10 14 20
Fishing (1kt)
. Gen. Cargo (10kt)
Container (2kt) Bulk (40kt) Bulk (75kt)
Bulk (15kt) Tanker (100kt)
Vessel type: Gen. cargo (3kt) Tanker (33kt) Tanker (55kt)
Tanker (15kt)
Passenger (3kt) Ro-Ro (33kt)
Ro-Ro (15kt)
Ro-Ro (3kt)

Table .41 (below) shows the calculated costs for the sample engine sizes, based on the data sources. Costs in the
data sources were presented in a variety of currencies and time periods; they were converted to £ using the
exchange rate at the time of publication of the report and adjusted for inflation using the UK Retail Price Index
(RPI). The following assumptions are common to all costs presented below: per kW costs (not including
installation) do not vary according to engine size and that there were assumed to be no economies of scale.

Table 1.41 Comparison of Cost Estimates from Data Sources
Industry
Workshop (2009):
Entec 2005 costs . :
IMO (2007 Entec (2005 = Supplier A Supplier B
Data Source: (2007) (2003) adjusted for PP PP
(Note 1): (Note 2) respondents (Note 4) (Note 5)
comments
(Note 3)
2MW new (retrofit): £0.25m £0.23m (£0.33m) £0.16m (£0.20m) £0.67m (£0.86m) £0.56m
6MW new (retrofit): £0.75m £0.69m (£0.98m) £0.48m (£0.59m) £0.99m (£1.18m) £1.69m
) £1.24m
10MW new (retrofit): £1.15m (1.64m) £0.80m (£0.98m) £1.31m (£1.50m) £2.82m
14MW new (retrofit): £1.74m £1.60m (2.30m) £1.12m (£1.38m) £1.63m (£1.82m) £3.95m
20MW new (retrofit): £2.48m £2.29m (3.28m) £1.60m (£1.97m) £2.10m (£2.29m) £5.64m

Appendix |

Doc Reg No. 24870 July 2009




Entec

Creating the environment for business

Industry
Workshop (2009):
Data s IMO (2007) Entec (2005) E“;Z?uzs‘igg costs Supplier A Supplier B
ata Source:
(Note 1): (Note 2) respondents (Note 4) (Note 5)
comments
(Note 3)
Average Cost (£/kW)
over the engine size
range including 124 114 (164) 80 (98) 129 (147) 282
installation — new
(retrofit):
Quoted cost
includes . .
installation ) ) ) ) . As costs were given in a £/kW
cost and Installation cost is Installation cost is No variation in format for main and auxiliary
Entec Assumptions: installation proportional to proportional to installation cost engines combined it was not
cost is Capex Capex with size of vessel.  possible to separate the cost for
proportional to main engines alone; therefore the
Capex costs above are overestimates.
3% of Capex (small
0,
Operational costs: Not stated vess_el), 2@, Not stated Not stated Not stated
(medium), 1%
(large).
Increase in fuel 1-1.5% Not stated Not stated 1-2%

was included in

et
consumption (%): pump operation

Note 1: Costs were converted to £ at the December 2007 exchange rate and adjusted for inflation using the UK RPIl. NB: This may lead to an
underestimation of costs compared to the other estimates, as the $/£ exchange rate was considerably higher at this time.

Note 2: Costs were converted from Euros at the August 2005 exchange rate and adjusted for inflation.

Note 3: New build costs were reduced by 30% and retrofit costs were reduced by 40% in accordance with respondents’ comments.
Note 4: Converted from US$ to £ at the November 2008 exchange rate and adjusted for inflation using the UK RPI

Note 5: Costs were converted using the average USD/GBP exchange rate for March 2009.

From the data in Table 1.41 it is possible to calculate an average cost per main engine power (kW) that is used
elsewhere in this report. To do this, the cost estimates from Supplier B were excluded, as these are based on the
cost of fitting SWS to the main and auxiliary engines combined. The cost estimates taking account of respondents’
comments were also excluded from this calculation, as they appear quite different from the other three sources.
However, it should be noted that to take account of industries’ view that current costs do not incorporate economies
of scale, the average costs calculated above were reduced over time in compliance models. A similar set of
calculations was performed for main and auxiliary engines for the same set of main engine sizes. Here, the cost
estimates based on Entec (2005) were excluded, as no estimates were given for auxiliary engines.

The values obtained are presented in the following table, for both new and retrofit vessels, and installation just for
main engines and for both main and auxiliary engines combined.
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Table 1.42  Capital cost of scrubbers per installed power unit ($/kW and £kW)

$/kW £/kW
New Retrofit New Retrofit
Main engine 173,79 220,81 122,41 155,54
Main and auxiliary engine 281,89 288,31 198,56 203,08

Exchange rate: 0,704384 GBP/USD (march 2009)

From Table 1.41 it can be seen that the fuel consumption may increase by around 1.5%; this is an operational cost
that must be taken into account. The only estimate of operational costs which included the additional fuel cost of
pump operation was of between 1 and 3% of the capital costs, depending on vessel size (Entec 2005). It has been
assumed that operational costs for both new and retrofit vessels are 2% of new vessels’ capital expenses.

Capital costs per unit of installed engine power have been applied to the estimated engine size of each vessel
type/size to obtain capital and operating costs of installing SWS for each vessel category and size.

The calculations to ascertain the average engine size for each of the vessel sub-categories were based on equations
which describe the relationship between vessel size (GT) and engine size (kW) for vessels operating within 200
miles of the UK coast, as described in Entec (2008)™. These equations were originally derived by plotting vessel
size against engine size for each category and determining an equation which describes the line-of-best fit, e.g.
Engine Size = constant A * vessel size " constant B. For the small and medium categories, the average vessel size
entered was assumed to be the mid-point of the range (e.g. Small = 2,550 GT) as the vessel sizes are reasonably
evenly distributed across the range. However, for the large vessel category, it would be unreasonable to assume
that the mid-point of the range represents the average vessel size, as the distribution is skewed towards the lower
bound; therefore the average vessel size was assumed to be in the first quartile of the range, to be representative of
the population for each category. This assumption was cross-checked against the average GT for large vessels from
IMO (2008)*' ®. The average (total) auxiliary engine sizes for each vessel category were calculated by taking the
calculated main engine sizes for the sub-category and multiplying them by the average ‘Total AE / Total ME’ ratio
for the appropriate category, with an adjustment factor for small and large engines. These ratios were taken from
Entec (2008)™.

% Entec, ‘UK Ship Emissions Inventory: Final Report’ (October 2008)

81 IMO Report by the Marine Environment Protection Committee, 58" Session (Agenda Item 4), ‘Prevention of Air
Pollution from Ships: Updated 2000 Study on Greenhouse Gas Emissions from Ships — Phase 1 Report’.
September 2008

%2 Vessel categories from the IMO (2008) were rescaled and weighted according to the number of vessels in order
to match the categories for this report.
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Capital and operating costs, as well as annualised costs of scrubbers for an operating life of 25 years and a discount

rate of 3.5% are provided for new and retrofit vessels. Auxiliary engines of bulk carriers, general cargo, tankers,

and “other” vessels are assumed to run MGO in the baseline scenario (Entec, 2008)®. For these vessel categories,

scrubbers would only be necessary for main engines. For all other vessel types, costs of scrubbers are estimated for

main engines alone and for main and auxiliary engines combined.

Table .43  Capital, operating and annualised costs of scrubbers per vessel (k £vessel)

Costs scrubbers ME new vessels |Costs scrubbers ME retrofit vessels| Costs scrubbers ME and AE new | Costs scrubbers ME and AE retrofit

Annualised Annualised Annualised Annualised

Capex £k Opex £k costs £k Capex £k | Opex £k costs £k Capex £k Opex £k costs £k Capex £k | Opex £k costs £k
Bulk carrier
Small 264 5 21 335 7 27
Medium 702 14 57| 892 18 72
Large 1385 28 112 1759 35 142
Container ship
Small 277 6 22 352 7 28 606 12 49 620 12 50
Medium 1456 29 117 1851 37 149 3024 60 244 3093 62 250
Large 4607 92 372 5853 117 472 9042 181 729 9247 185 746
General cargo
Small 189 4 15 240 5 19
Medium 1077 22 87 1368 27 110
Large 3596 72 290 4569 91 369
Passenger
Small 231 5 19 293 6 24 585 12 47 598 12 48
Medium 589 12 48 748 15 60 1385 28 112 1416 28 114
Large 1128 23 91 1433 29 116 2446 49 197 2502 50 202
Ro-Ro Cargo
Small 201 4 16 256 5 21 465 9 38, 476 10 38
Medium 700 14 56 889 18 72 1521 30 123 1556 31 125
Large 1660 33 134 2110 42 170 3380 68 273 3457 69 279
Tanker
Small 241 5 19 306 6 25
Medium 741 15 60 942 19 76
Large 1616 32 130 2053 41 166
Other (specify)
Small 261 5 21 331 7 27
Medium 562 11 45 715 14 58
Large 958 19 77 1218 24 98

In addition to technology costs, the implementation of sea water scrubbers will involve hidden costs and barriers to

implementation. These are presented qualitatively in Table 1.44 (below) as mentioned in the consulted sources.

% Entec, ‘UK Ship Emissions Inventory: Final Report’ (October 2008)
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Summary of Barriers to Implementation and Hidden Costs

Barriers to Implementation

Hidden Costs

New Technology — uncertainty over costs and technology
can make it difficult to secure finance.

Space requirements of technology — few vessels have the
available space to retrofit scrubbers. The space required is
likely to reduce as the technology is better understood.

Design lag — Designing and building a ship is a lengthy
process and it may not be possible for ship owners to
instruct the ship yard to change the design to incorporate
scrubbers.

There is currently limited production capacity in the scrubber
market (due to limited demand), which could impose a
constraint on the uptake of this technology. As demand
increases, the production capacity will also increase.
However manufacturers are unlikely to invest in sufficient
capacity to meet all demand before 2020, as this would lead
to reduced demand and hence over capacity post-2020.

Fuel switching is quicker and easier to implement.
The payback period is currently over the 4yr threshold which

the industry often uses for investment decision; this may
reduce as the cost of scrubbers reduces.

Non-compliance costs, should the scrubbers fail

Installation of scrubbers could take up to two months,
including commissioning (time in docks is not listed
separately): this eliminates the income from the vessel for
this period.

There may be increased maintenance costs, but it is too
early to tell if the equipment will require maintenance.

Removal and storage of exhaust cleaning residue is a
specialised task and will mainly be carried out by
specialised contractors; this would be an additional
operational cost.

Staff training costs.

Costs of waste disposal — Port authorities have made initial
contacts with service providers and it is thought that it can
be disposed of as part of the waste oil at ports.

e  Vessels operating in fresh/brackish waters/ ports with .
precautionary emissions to water regulations may not be
permitted to operate scrubbers in these areas.

e  Aesthetic considerations for passenger vessels .

From the literature review and discussions with key manufacturers, two estimates for product lifetime were
obtained: 15 years and 25 years. As the estimate of 15 years (Entec, 2005) was based on assumptions based on a
prototype, the estimate of 25 years which is based on the production model of Supplier A is considered more
accurate and will be used in further calculations in this report.

LNG

Technical Description of the Measure

This measure considers the use of an alternative fuel to fuel oil or marine distillates. Natural gas is the cleanest
fossil fuel available, but in order to become a sufficiently energy-dense fuel for regional shipping it must first be
liquefied. Once liquefied, the fuel is stored in cryogenic tanks (at around -162°C); it is re-vaporised when supplied
to the engine. There is thus an additional space requirement for the tanks on ships and an energy requirement on
shore to liquefy and transport the fuel. The use of a different fuel stipulates the need for either additional
infrastructure to supply LNG to bunkers or to use regional routes where LNG is already available.
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Existing experience of using the boil-off gas from LNG transported in LNG carriers in steam turbines is extensive.
Relatively recent advances in LNG carriers have shown dual fuel gas engines to provide greater efficiency than
steam turbines, reduced space requirements, and when multiple engines instead of one steam turbine are used then
optimal engine loading is possible, further improving efficiency. However, apart from LNG carriers, currently few
vessels use LNG as bunker fuel (i.e. where it is the sole or main fuel). The world’s first LNG-fuelled passenger
RoRo ferry began operation in Norway in 2000, operated by Fjordl MRF (then called Mere og Romsdal
Fylkesbétar) (Einang & Haavik, 2000). Since then LNG has become a proven technical solution with ten ships in
operation and 19 on order (AEA, 2008). LNG could become an interesting fuel for tankers since there is
considerable space available for LNG fuel tanks on deck.

There is some limited experience in Canada of converting existing vessels to run on gas (Einang & Haavik, 2000),
but, for most applications, new build using new lean burn gas, dual fuel or tri-fuel engines that are already available
on the market is preferable.

Data Sources

In this section the available data on the use of LNG to power vessels from a literature review and the results from
the stakeholder workshop are summarised in the results section. The following reports have been consulted:

e Greenhouse gas emissions from shipping: trends, projections and abatement potential. AEA Energy
& Environment (2008);

e IMO Report — Maritime Environment Protection Committee (58th Session — Agenda item 4): Updated
2000 Study on Greenhouse Gas Emissions from Ships (September 2008);

e Sub-committee on Bulk liquids and gases. Revision of MARPOL ANNEX VI and the NOx Technical
Code — Input from the four subgroups and individual experts to the final report of the Informal Cross
Government/Industry Specific Group of Experts (shipping subgroup). (December 2007);

e Stokholm, R.M. & Roaldsay, J.S. (2002) LNG used to Power the Ferry “Glutra” in Norway — The
World First Ferry To Run On LNG. Available from.

All data from these sources is summarised in the following tables:
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Table .45 Greenhouse gas emissions from shipping: trends, projections and abatement potential, AEA Energy &

Environment (2008)

Geographic focus of the study

Multi-pollutant impacts (abatement efficiencies for CO,, NOx and PM if

relevant;)

BAU uptake;

Costs (capital costs, operating costs and total annualised costs) for
vessels (if applicable, per vessel type and size) and / or tonnes of fuel

consumed. In addition to this, cost implications to other sectors

affected, mainly refineries, fuel suppliers and technology providers,

will also be considered;

Impacts of barriers to implementation on take-up rates, if applicable;

Worldwide

15% reduction in CO2 equivalent emissions, NOx reduction
not stated

19 LNG vessels were on order at that point. Likely to be a
higher uptake amongst tankers as they have available deck
space for fuel tanks.

Capital Costs are not stated.

Bulk fuel prices are the same as RO.

Availability of space for fuel tanks

International regulations are not designed for gas fuelled
ships, which results in a complex design and approval
process.

Availability of LNG in ports; this may restrict LNG uptake to
areas surrounding ports that supply LNG.

Principal/agent (owner/user) problem
Lack of information about measures
Hidden costs (new technology risk/information costs)

The following (additional) general barriers were given for
new ships:

Production bottlenecks
Access to capital

Table .46  IMO Report — Maritime Environment Protection Committee (58th Session — Agenda item 4): Updated 2000
Study on Greenhouse Gas Emissions from Ships (September 2008)

Geographic focus of the study

SOy abatement efficiency

Multi-pollutant impacts (abatement efficiencies for CO,, NOx and PM if

relevant;)

BBAU uptake (considering the revision of MARPOL Annex VI);

Costs (capital costs, operating costs and total annualised costs) for
vessels (if applicable, per vessel type and size) and / or tonnes of fuel

consumed. In addition to this, cost implications to other sectors

affected, mainly refineries, fuel suppliers and technology providers,

will also be considered;

Impacts of barriers to implementation on take-up rates, if applicable;

Worldwide
Low SOx emissions

Low NOx emissions (capable of meeting Tier Il standard)
and low PM emissions.

5-10% for coastwise (local) shipping and up to 5% for
tankers in 2020.

25-50% for coastwise (local) shipping and 10 — 20% for
tankers in 2050.

Capital Costs are not stated.
Lower price than distillate fuels.

Necessary deck space for storage tanks.
Availability of LNG at ports can restrict routes.
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Table .47 LNG used to Power the Ferry “Glutra” in Norway — The World First Ferry To Run On LNG. Stokholm, R.M.

& Roaldsgy, J.S. (2002)

Geographic focus of the study .

Costs (capital costs, operating costs and total annualised costs) for .
vessels (if applicable, per vessel type and size) and / or tonnes of fuel
consumed. In addition to this, cost implications to other sectors
affected, mainly refineries, fuel suppliers and technology providers,
will also be considered;

Expected cost reductions with increased commercialisation, if .
applicable;

Norway
Costs are base on a single Ro-Ro ferry in Norway running 4
LNG fuelled 675kW engines with electric propulsion.

Capital Costs are given as those for a similar sized diesel-
electric system + 30%.

Capital costs to reduce to the cost of a diesel-electric
system + 10%

Table .48  Results from the Stakeholder Workshop (April 2009)

LNG

Geographic focus of the study e Waters within 200 miles of the UK coast
Multi-pollutant impacts (abatement efficiencies for CO,, NOx and PM if e  Also reduces NOx emissions

relevant;)

BAU uptake; . Not considered realistic by 2020 due to lack of

infrastructure.

Under 1% of the UK fleet has installed dual fuel/spark
ignition engines.

Not considered feasible for some types of vessel.

Maximum potential uptake (e.g. considering if possible, availability of Not stated — Little further uptake of dual fuel/spark ignition engines is
fuels and applicability of technology); expected by 2020.

Impacts of barriers to implementation on take-up rates, if applicable; .

Lack of infrastructure for storage and bunkering.
New technology risk concerns over engine design.

Results

From the data sources consulted, the only estimate of capital costs comes from the experience of fitting a

Norwegian ferry with LNG fuelled engines (Stokholm et al 2002). This estimated that the capital costs for

equipping a vessel with LNG engines was the cost of the same capacity diesel engines + 30%, but that with the

development of the technology this would reduce to diesel +10%. The difference in costs between new build and

retrofit is not given in any of the data sources consulted. There are no estimates of maintenance costs available, but

no significant problems have been reported, so it is to be expected that these will be of a similar order to existing

engines. The other operating cost to be considered is the price of fuel; this is considered to be the same price as RO

(AEA, 2008) and therefore cheaper than fuel costs for distillates.

Table 1.49 (below) summarises the barriers to implementation and hidden costs of LNG fuelled marine engines.
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Table .49  Summary of Barriers to Implementation and Hidden Costs

Barriers to Implementation Hidden Costs

. New technology risk concerns over engine design . Existing vessels: time taken to fit dual fuel / spark ignition
and LNG storage tanks

e Lack of infrastructure for storage and bunkering can restrict
vessel routes.

. Necessary deck space for storage tanks.
. International regulations are not designed for gas fuelled

ships, which results in a complex design and approval
process.

. Existing vessels: Principal/agent (owner/user) problem
. Production bottlenecks

. Access to capital

Fuel Switching

Marine engines which are fuelled by residual oil can either switch to operating on low sulphur residual oil or to
medium distillates which have lower sulphur content. To switch to low sulphur RO is a relatively simple process as
the fuels are similar; the lubricant oil used may need to be changed in order to cope with the decreased sulphur
content. If the engine is to be converted to run on distillates, the process is slightly more complicated as this will
require different fuel pumps and might require cooling boosters. By far the biggest cost for switching to any
alternative fuel is the increased fuel costs due to the fuel price premium; these are estimated in Appendix A.

This section only focus on the additional costs required to adapt engines to run with different types of fuels and
costs of dual fuel systems if the vessel operator wishes to switch between fuels when entering a SO ECA.

Data Sources

In this section the available data on the use of LNG to power vessels from a literature review and the results from
the stakeholder workshop are summarised in the results section. The following reports have been consulted:

e IMO report: Sub-committee on Bulk liquids and gases. Revision of MARPOL ANNEX VI and the
NOx Technical Code — Input from the four subgroups and individual experts to the final report of the
Informal Cross Government/Industry Specific Group of Experts (shipping subgroup). (December
2007);

e Greenhouse Gas Emissions for Shipping and Implementation Guidance for the Marine Fuel Sulphur
Directive. CE Delft (2006);

e Annex 1: Information Responding to the Criteria in Appendix III to Annex IV- Impact assessment of
anew US- Canada ECA;
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e Greenhouse gas emissions from shipping: trends, projections and abatement potential. AEA Energy

& Environment (2008);

e Analysis of Policy Measures to Reduce Ship Emissions in the Context of the Revision of the National
Emissions Ceilings Directive. International Institute for Applied Systems Analysis, Norwegian
Meteorological Institute and Entec UK Ltd. Cofala, J., Amann, M., Heyes, C., Wagner, F., Klimont,
Z., Posch, M., Schopp, W., Tarasson, L., Jonson, J.E., Whall, C. and Stavrakaki, A. (2007).

Table .50  IMO report: Sub-committee on Bulk liquids and gases. Revision of MARPOL ANNEX VI and the NOx
Technical Code — Input from the four subgroups and individual experts to the final report of the Informal
Cross Government/Industry Specific Group of Experts (shipping subgroup). (December 2007)

Geographic focus of the study
Timeframe of the study

Multi-pollutant impacts (abatement efficiencies for CO,, NOx and
PM if relevant;)

Applicability e.g. vessel category specific, fuel specific, engine
specific;

BBAU uptake (considering the revision of MARPOL Annex VI);

Maximum potential uptake (e.g. considering if possible, availability
of fuels and applicability of technology);

Costs (capital costs, operating costs and total annualised costs) for
vessels (if applicable, per vessel type and size) and / or tonnes of
fuel consumed. In addition to this, cost implications to other sectors
affected, mainly refineries, fuel suppliers and technology providers,
will also be considered;

Hidden and missing costs, if applicable.

Worldwide
2007

Switching to MDO from RO will reduce NOx emissions by 15%
and PM by ~33%

100%

90% of fuel burnt, whether within, or outside a SOx ECA.

100% of vessels

Capital costs for a single vessel to be modified to adjust for the
use of a single grade of fuel: $50,000 (first estimate). (The size
of vessel was not specified)

Capital Costs for a single vessel to be fitted with fuel switching
equipment could be in the region of US$150,000 and could be
considerably more. This cost is larger than for adaptation of
an engine to run on a single fuel as additional storage tanks
and pipes must be installed. (The size of vessel was not
specified)

Older vessels may need to fit coolers to the ‘booster circuit’ if
the engine switches between RO and distillates.

Different lube oils are needed to cope with using RO and
distillates; new lube oils may need to be developed.

There are currently few problems reported for fuel switch over,
but as the switching becomes more frequent, more may
present; clogging of filters and ultimately shut-down of the
engine may occur. The problems are likely to occur due to a
lack of aromatics in desulphurised fuel, which makes the
asphaltenes in solution; fuel manufacturers will have to
provide a solution for this as there are no engine-based
solutions.

There will be no major engine down-time for these
adjustments to take place.

Routine switching between marine distillate and RO has safety
implications for existing boiler, unless the boiler is modified.

Vessels which propose to switch fuels between areas will
need to install additional: bunker tanks, bunkering systems,
settling tanks, transfer pumps, enhanced bunker heating
systems, set of oil centrifuges with centrifuge room, (day) tank,
piping and instrumentation.

Increased staff training and workload for fuel switch over.
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Table 1.51 Annex 1: Information Responding to the Criteria in Appendix Il to Annex IV- Impact assessment of new

US- Canada ECA

Geographic focus of the study . Proposed ECA around the US and Canada

Timeframe of the study e Upto2020

Costs (capital costs, operating costs and total annualised . Capital cost estimates to equip engines to use an alternative fuel
costs) for vessels (if applicable, per vessel type and size) ($/kW):

and / or tonnes of fuel consumed. In addition to this, cost
implications to other sectors affected, mainly refineries, fuel
suppliers and technology providers, will also be considered;

Medium speed (4,500 — 18,000kW): $3.34-8.00 (new), $4.56-10.45
(retrofit)

e  Slow speed (8,500-48,000kW): $1.65-5.24 (new), $2.25-6.97

(retrofit)

Table .52  Greenhouse Gas Emissions for Shipping and Implementation Guidance for the Marine Fuel Sulphur

Directive. CE Delft (2006)

Geographic focus of the study .
Timeframe of the study .
Hidden and missing costs, if applicable. .

European Union
2006 — 2010

Switching between fuels when entering a SECA takes a
considerable amount of time e.g. switching from 1.75% to
0.5% takes 4 hours to reach 1.5%. The precise time will be
dependent on the vessel and the fuel consumption.

Table .53  Greenhouse gas emissions from shipping: trends, projections and abatement potential. AEA Energy &

Environment (2008)

FUEL SWITCHING

Geographic focus of the study .
Timeframe of the study .
Impacts of barriers to implementation on take-up rates, if applicable; .
Hidden and missing costs, if applicable. .

AEA
2008 onwards

Space requirements of additional tanks cannot be met on all
vessels without significant cost.

When new tanks are installed, this is classified as a major
conversion and the vessel is then classified as a new vessel
(with the additional specifications for new ships).
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Table .54  Analysis of Policy Measures to Reduce Ship Emissions in the Context of the Revision of the National
Emissions Ceilings Directive. International Institute for Applied Systems Analysis, Norwegian

Meteorological Institute and Entec UK Ltd.

Geographic focus of the study
Timeframe of the study

Multi-pollutant impacts (abatement efficiencies for CO,, NOx and PM if
relevant;)

BAU uptake;

Maximum potential uptake (e.g. considering if possible, availability of
fuels and applicability of technology);

Costs (capital costs, operating costs and total annualised costs) for
vessels (if applicable, per vessel type and size) and / or tonnes of fuel
consumed. In addition to this, cost implications to other sectors
affected, mainly refineries, fuel suppliers and technology providers,
will also be considered;

European Union
2007 — 2020

Switching from 2.7% RO to 1.5% RO: PM reduces by 18%.
Switching from 2.7% RO to 0.5% RO: PM reduces by 20%

Not stated
100%

Capital cost estimates are not stated.

Operating costs are based on fuel price premium (above
RO)

Table .55  Results from the Stakeholder Workshop (April 2009)

Geographic focus of the study
Timeframe of the study

BAU uptake;

Maximum potential uptake (e.g. considering if possible, availability of
fuels and applicability of technology);

Costs (capital costs, operating costs and total annualised costs) for
vessels (if applicable, per vessel type and size) and / or tonnes of fuel
consumed. In addition to this, cost implications to other sectors
affected, mainly refineries, fuel suppliers and technology providers,
will also be considered;

Impacts of barriers to implementation on take-up rates, if applicable;

Waters within 200 miles of the UK coast.
2009 - 2020

Assumed that all vessels will currently switch to distillates
within SOx ECAs.

100%

Capital costs of fitting tanks, pumps and pipes are not
stated.

Operating costs will be equal to the fuel price premium.

There may be a shortage of low sulphur RO and distillates
due to under capacity at refineries. It is thought that
refineries are likely to produce more distillates rather than
desulphurised RO, as this is more profitable.

Results

Of the data sources consulted, only two provided estimates of the capital costs for equipping vessels to run on
alternative fuels. The IMO report (2007) estimated that these would be US$50,000 (£25,000)* to convert a single
vessel to run on an alternative fuel and up to US$150,000 (£75,000) to equip a vessel so that it can carry two fuels

and switch between them. The vessel size in the IMO report on which these cost estimates is not stated. In

% Price converted using the average exchange rate for 2007
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Appendix I, it was estimated that the operational costs per kW to convert engines to run on lower sulphur fuels
would be, for medium speed engines (4,500 — 18,000kW): $3.34-8.00 (new), $4.56-10.45 (retrofit)

Although these potential additional costs are acknowledged, they are not incorporated in our total cost estimations,

firstly because the cost of dual systems would also need to be incurred in the baseline situation, with different
sulphur content requirements for SOx ECAs and non SOx ECAs, as well as ships at berth in EU ports; and

secondly because there is a lack of data on the percentage of the total fleet that would require these modifications.

In addition to fuel price premium and other technical costs, switching to low sulphur fuels could involve some

additional hidden costs as well as barriers to implementation, as summarised in Table .56 (below).

Table .56 Summary of Barriers to Implementation and Hidden Costs

Barriers to Implementation

Hidden Costs

e  There may be a shortage of low sulphur RO and
distillates due to under capacity at refineries. It is
thought that refineries are likely to produce more
distillates rather than desulphurised RO, as this is
more profitable.

When new tanks are installed, this is classified as a major conversion
and the vessel is then classified as a new vessel (with the additional
specifications for new ships).

Older vessels may need to fit coolers to the ‘booster circuit’ if the
engine switches between RO and distillates.

Routine switching between marine distillate and RO has safety
implications for existing boiler, unless the boiler is modified.

Different lube oils are needed to cope with using RO and distillates;
new lube oils may need to be developed

Space requirements of additional tanks cannot be met on all vessels
without significant cost.

There are currently few problems reported for fuel switch over, but as
the switching becomes more frequent, more may present themselves;
clogging of filters and ultimately shut-down of the engine may occur.
These problems are likely to occur due to a lack of aromatics in
desulphurised fuel, which makes the asphaltenes in solution; fuel
manufacturers will have to provide a solution for this as there are no
engine-based solutions.

Increased staff training and workload for fuel switch over.

There will be some engine down-time for these adjustments to take
place, but the time required will be small.
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Appendix J
Abatement Measures for Compliance with NOx limits

Key measures for compliance with NOx requirements

There are a number of measures which could potentially be applied to marine diesel engines in order to reduce
NOx emissions, as presented in Table J.57.

Table J.57 NOx abatement measures

Measure Abatement efficiency

Engine modifications

Slide valves 20 - 30%
Turbochargers 35%

Direct Water Injection (DWI) 30 -60%
Humid Air Motors (HAM) 70 - 85%
Exhaust Gas Recirculation (EGR) 35-50 %

End of pipe technologies

Waste heat recovery 10 - 12%
Selective Catalytic Reduction (SCR) 80 - 95%

Fuel measures

LNG 80 - 90%
Fuel additives 5-25%
Water-diesel emulsion (WDE) 10 - 50%

Exhaust Gas Recirculation (EGR), is a possible technology of choice for engine integration. Large NOx reductions
may be achieved of the order of 50%, dependant on engine speed and load; however this comes with an associated
loss of fuel efficiency which can be as high as 8% - 10%. With EGR there is a risk of soot contamination of the
lubrication oil. It is a difficult technology to retrofit on a large engine. Recirculated exhaust must have low sulphur
content; therefore scrubbers or low sulphur fuels are required.

Another means of NOx abatement is by direct water injection which gives around 1% NOx reduction for a 1%
water/fuel mass ratio. Water injection requires integration with the engine and the same effect may be more

Appendix J
Doc Reg No. 24870 July 2009




Entec

Creating the environment for business

conveniently achieved by the use of a water diesel emulsion (WDE) approach which has also been used extensively
on heavy duty diesel engines. WDE produces the same effect as direct injection of water into the cylinder. This has
been tested with up to 50% water content by mass, but is more widely used at circa 12% - 15%. Much higher direct
injection rates of water have been demonstrated when integrated with the engine design. A third alternative
measure for water injection is known as Humid Air Motors, in which the intake air is humidified to reduce the
engine temperature to achieve up to 85% NOx reduction.

Selective Catalytic Reduction (SCR), where urea is used as reducing agent, is the most effective measure to reduce
NOx. There are suitable constructions and chemistry for the SCR-type NOx abatement after treatment to run on
1.5% sulphur fuel, or alternatively on higher sulphur fuel providing that scrubbers are fitted to remove SO, from
the exhaust before entering the SCR unit. In the latter situation it may be necessary to reheat the exhaust to achieve
sufficient temperatures for the SCR unit to operate. A small particulate mass reduction may also be expected with
this technology of circa 5% - 10% according to level of NO, in the engine exhaust. SCR must also be correctly
applied to avoid either excess generation of N,O (a greenhouse gas with a global warming potential of 310 times
that of CO, based on equivalence by mass) or NH; slip from the ammonia based reductant (ammonia, aqueous
ammonia or urea). The World Health Organisation limit for ammonia concentration in the atmosphere is 25 ppm. It
is possible to design SCR systems to operate with no or minimal increase in N,O emissions and stay well below an
25 ppm ammonia slip target. Some systems have achieved 95% NOx reductions with this technology. Another
benefit of using SCR is the ability to run the engine at maximum efficiency (high engine-out NOx) and thus reduce
fuel consumption and greenhouse gas emissions. The technology is equally suitable as a production fit or a retrofit
— especially with non-aggressive dosing calibrations.

Waste heat recovery and turbochargers are primarily energy efficiency measures, implemented to reduce fuel
consumption. However these also have the additional benefit of reducing NOx emissions.

Expected shipping industry responses

Technical analysis of NOx requirements in the revised MARPOL Annex VI and expected BAU emission factors

The business as usual (BAU) NOx emission factors have been compared against the requirements of the NOx
Engine Code. For pre-2000 vessels the BAU NOx emission factor is applied, or the retrospective NOx Code limit
if this is lower. For vessels introduced between 2010 and 2020 either the post-2000 emission factor is applied, or
the NOx limit if this is lower. Where the NOx Code limit is lower than the BAU emission factor, then the
maximum required reduction has been calculated for each engine type. This is summarised in Table J.58.
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Table J.58 NOx emission factor adjustments.

Engine age SSD MSD HSD
Tier 0 Pre-2000 except “at sea” apply Pre-2000 except “at sea” and 50% Pre-2000 except “at sea”, RO

limit of AEs apply limit “manoeuvring” and 50% of AEs apply limit
Tier Il Post-2000 except “at sea” apply Post-2000 except “at sea” and 50%  Post-2000 except “at sea”, RO

limit of AEs apply limit “manoeuvring” and 50% of AEs apply limit
Maximum reduction
required to meet
NOx Code 7% 14% 24%

The dominant main engine type for the relevant category and size of ship has been applied to each vessel, as
indicated in Table J.59. For example, all small (<5,000 GT) tankers are assumed to have medium speed diesel
engines.

Table J.59 Number of Vessels Disaggregated by Gross Tonnage and Engine Speed

Vessel Category < 5,000 GT 5,000 — 25,000 GT >25,000 GT

High Medium Slow High Medium Slow High Medium Slow
Bulk Carrier - 44 4 - 29 633 1 11 1094
Container Ship - 67 - 1 233 161 - 2 634
Fishing 27 256 4 - 8 1 - - -
General Cargo 129 1494 121 - 298 510 - - 82
Tanker 28 348 91 5 238 558 3 12 901
Passenger 37 28 5 8 60 8 1 41 14
Ro - Ro cargo 8 31 2 2 154 38 - 22 286
Others 295 546 23 5 90 7 - 1 6

Source: Entec, 2008, UK Shipping Emissions Inventory

Combining the data presented in Table J.58 and Table J.59, it can be seen that for all categories, except small
passenger vessels, the maximum required reduction is 14%. For small passenger vessels, and half of auxiliary
engines, which are assumed to use high speed diesel engines, the maximum required reduction is more significant,
at 24%.

Responses from industry workshop and questionnaire

At the industry workshop, it was stated that the costs for compliance are not considered to be high and engine
manufacturers should be able to meet the limits easily (if not doing this already). Overall, it was suggested that very

AR
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few shipping operators have looked into NOx emission abatement measures and manufacturers have not tested
enough of the abatement measures currently available.

1. Slide valves are BAU for all 2 stroke engines (all new ships have this and it is being retrofitted in old ships
in most cases).

2. Exhaust gas recirculation (EGR) is considered as a good abatement option (although losses in engine
efficiency may occur). EGR cannot be applied at high temperatures.

3. SCR applicability was questioned for new engines / vessels as, even if Tier III limits were applicable,
engine manufacturers have other abatement options for meeting these limits without necessarily needing to
install SCR.

4. Industry suggested that the abatement efficiencies included in Entec’s presentation at the workshop were
high. Most tests are done under steady state conditions that are quite different to the conditions engines on
a ship operate in.

Literature sources

IMO (2007)* suggests that NOx reductions of up to 50% can be achieved by in engine modifications or EGR, and
that SCR or HAM would only be required to meet 80% reductions.

Conclusions

The maximum reduction in NOx that would be required to meet the revised NOx Engine Code is only 24%. In the
majority of cases, where the required reduction is 14% or less, it is expected that the necessary reduction can be
met by modification of engine design. The cost of such engine developments is incorporated into the costs of
normal engine R&D making it very difficult to assign a proportion of the overall engine cost to the additional NOx
abatement requirements. Industry has indicated that the limits are not expected to be difficult to achieve and that
the cost to do so is expected to be low.

It is expected that under business as usual there will be an uptake of energy efficiency measures, such as waste heat
recovery and turbochargers, in order to reduce fuel consumption. Such measures are well suited to high speed
engines, for which the highest NOx reductions are necessary. The NOx reduction is an added benefit which would
enable vessels to meet the revised NOx limits under business as usual, regardless of the revised NOx Code.

It may be necessary for a very small number of vessels to fit additional abatement, most likely EGR. EGR for
marine engines is still at an early stage of development and, consequently, there is little certainty on its likely costs.
It has therefore not been possible to quantify this.

% IMO, 2007, BLG progresses work on reducing air pollution from ships, Available from:
http://www.imo.org/About/mainframe.asp?topic_id=1472&doc 1d=7975
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Appendix K

Benefits in Europe due to reductions in emissions
from ships

Environmental benefits

A study undertaken for the IMO", investigated the impacts of different sulphur limits (in the EMEP domain) upon
ecosystems. Two scenarios modelled are particularly relevant: Scenario B1 with a 0.1% S limit in SOx ECAs
(although it should be noted that for the purposes of the IMO study the Black Sea and Mediterranean Sea have also
been assumed to be SO, ECAs) and Scenario C with a 0.5% global S limit. The figures below present the estimated
impact in terms of sulphur and nitrogen deposition of these two scenarios when compared to the reference scenario
(R3). It should be noted that the R3 reference scenario considered by the IMO does not consider the impacts of the
current SO, ECAs.

Figure K.13 Incremental deposition of oxidised sulphur (mg/mz) in Europe due to reductions in SO, and NOx
emissions from ships (left — scenario B1, right — scenario C)13

LPVE A
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Figure K.14 Incremental deposition of oxidised nitrogen (mglmz) in Euro%e due to reductions in SO, and NOx

emissions from ships (left — scenario B1, right — scenario C)

Dep. oxN

B1 2020 - R3 2020

Health benefits

The aforementioned study undertaken for the IMO" investigated the impacts of different sulphur limits (in the
EMEP domain) upon human health. Again, two scenarios modelled are particularly relevant: Scenario B1 with a
0.1% S limit in SOx ECAs (although it should be noted that for the purposes of the IMO study the Black Sea and
Mediterranean Sea have also been assumed to be SOy ECAs) and Scenario C with a 0.5% global S limit. The
figures below present the estimated impact in terms of PM and ozone concentrations of these two scenarios when
compared to the reference scenario (R3). It should be noted that the R3 reference scenario considered by the IMO
does not consider the impacts of the current SOx ECAs.

Figure K.15 Incremental PM; s concentrations (pglms) in Europe due to reductions in SO, and NOx emissions from
ships (left — scenario B1, right — scenario C)
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Figure K.16 Incremental ozone concentrations (SOMO35 in ppb days) in Europe due to reductions in SO; and NOx
emissions from ships (left — scenario B1, right — scenario C)
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Appendix L
Emission and fuel consumption estimates for both
policy scenarios

Table L.60 Fuel consumption and emission estimates in 2020 for the ‘do nothing’ scenario

NOx (kt)  SO.(kt)  CO(kt)  PMo (kt) Consu;"p‘:‘ion .

2020

All vessels in ‘the study area as defined in Entec (2008) 925 385 42,746 51 13,446
Vessels within the study area & calling at a UK port 318 134 15,241 17 4,794
Vessels travelling within the study area with a UK flag 45 19 2,238 2 704
2015

All vessels in ‘the study area as defined in Entec (2008) 835 366 40,671 48 12,793
Vessels within the study area & calling at a UK port 287 128 14,501 16 4,561
Vessels travelling within the study area with a UK flag 41 18 2,130 2 670
2010

All vessels in ‘the study area as defined in Entec (2008) 635 348 38,697 46 12,172
Vessels within the study area & calling at a UK port 218 122 13,797 15 4,340
Vessels travelling within the study area with a UK flag 31 18 2,026 2 637

Table L.61 Fuel consumption and emission estimates in 2020 for the ‘full implementation’ scenario — uptake scenario

B
Scope Fuel
NO. (k)  SOx(kt)  COx(kt) PMu(kt) o o in (Kt)
All vessels in ‘the study area as defined in Entec (2008) 853 44 41,283 17 12,988
Vessels within the study area & calling at a UK port 292 16 14,741 6 4,638
Vessels travelling within the study area with a UK flag 41 2 2,165 1 681

T
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Table L.62 Fuel consumption and emission estimates in 2020 for the ‘full implementation’ scenario — uptake scenario

A
SESES NO, (k)  SO.(kf) COp(k) PMuw(kt) o FU®
onsumption (kt)

All vessels in ‘the study area as defined in Entec (2008) 855 44 41,050 17 12,916
Vessels within the study area & calling at a UK port 293 16 14,661 6 4,613
Vessels travelling within the study area with a UK flag 42 2 2,153 1 678
2015

All vessels in ‘the study area as defined in Entec (2008) 783 146 39,429 30 12,405
Vessels within the study area & calling at a UK port 269 53 14,083 10 4,431
Vessels travelling within the study area with a UK flag 38 7 2,065 1 650
2010

All vessels in ‘the study area as defined in Entec (2008) 620 274 38,697 41 12,172
Vessels within the study area & calling at a UK port 213 96 13,797 14 4,340
Vessels travelling within the study area with a UK flag 30 14 2,026 2 637

Table L.63 Fuel consumption and emission estimates in 2020 for the ‘full implementation’ scenario — uptake scenario

C
Scope Fuel
NOy (kt) SOy (kt) CO; (kt) PM,, (kt) Consumption (kt)
All vessels in ‘the study area as defined in Entec (2008) 830 46 43,377 12 13,644
Vessels within the study area & calling at a UK port 285 17 15,459 4 4,863
Vessels travelling within the study area with a UK flag 40 2 2,271 1 714
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