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» Origins of the air pollution and climate change
» Climate change and GHG emissions

» International (global) response

» International shipping response

» Main IMO instruments and historical developments



INTERNATIONAL
MARITIME
ORGANIZATION

The origins

- The population / social factors
- The energy / technical choices



Air Pollution and social factor I

» Air pollution initially was
identified in large cities.

» Numerous sources in restricted Urbanization
areas. Concentration

» Closely linked to:

Growth
In Use of
Energy

= |ndustrialization
= Urbanization
= Growth in energy use Industrialization Market society and

transportation
linkage



Energy choices and impact on air pollution

Main energy source of the pre- Main energy source of the
iIndustrialized world industrialized world

- Man & animal FOSSIL FUELS

- Wind (reliable, flexible, controllable,

_ Water easy to use, etc.)

- Wood (unfortunately generate significant

level of air emissions)

The other sources of energy are
largely overwhelmed by fossil fuels



Energy use and combustion principle Iﬁ”iifﬁ"fzim

COMBUSTION




Combustion case: Engines and emissions Ix:::::.“;m
Internal combustion engine - two stroke diesel engine

Exhaust

/v Fossil fuel + Air

Fuel
Injector

Exhaust Gas —
combustion
compound

chamber Carbon Dioxide + Water +
:l Nitrogen

Air inlet

I

100 O]

? + Various gas compounds +
Particulate Matters
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Sources of air emissions

Types and sources of air poliutants

Energy use is the major source of man-made air emissions



Shipping air emissions and their impacts I

Engine fuel
combustion

|

Atmospheric
processes

Ocean
uptake

Chemical
reactions

v

Climate change

Combustion Products
CO+H,0+N,+0,+NO,
+CO+HC+so0t4S0,

v

M-crophysu:al processes

Changesin temperatures, sea level, ice/snow
cover, precipitation etc,

Changesin
radiative forcing @ @ @ AAerosol -
components g

2

v

Impacts

Increasing policy relevance & uncertainty

Agriculture and forestry, ecosystems, energy production and
consumption, human health, social effects etc,

v

v
Damages

Social welfare and costs

Figure 8.1 Schematic diagram of t.w overall impacts of emissions from the shipping sector on climate

change (from Lee et a

IMO 2 GHG study 2009

l., 2009a)
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Why energy efficiency matters? I

Context
= Energy resources scarcity
= Environmental damages
= Sustainability

Possible policies
= Energy efficiency
= Renewable energy
= Alternative energy sources
= Societal changes

Benefit of energy efficiency as a
strategy/policy:

» Avoids major destabilizing
changes.

» Leads to economic benefits

» Support innovation and
growth

» Secures less use of scarce
resources.

» Leads to lower
environmental damage.



Air pollution and the Issue of GHG

- Air Pollution
- Climate system
- GHG emissions & impacts
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Main air emissions

Nitrogen Oxides: NOXx

Sulphur Oxides: SOx

Particulate Matters or organic aerosols
Oxides of carbon: CO and CO2

Carbon compounds - such as CH4 and VOC
Ozone (0O3)

vV V V VY V V VY

Fluorocarbon and Chlorofluorocarbon compounds - such as CFC,
PFC, SF6 and HFC

Y

Halogen compounds - such as chlorides, fluorides and bromides
» Etc.



Climate system dynamics

Earth as a whole includes:

» The atmosphere (i.e. gases);

» The hydrosphere (i.e. the

waters);

The lithosphere (i.e. solid layer
of earth);

The cryosphere (i.e. frozen
waters); and the

Biosphere (i.e. the living).

All the above are changing with
time, influenced by a variety of
things including human
activities.
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Changes in the Atmosphere: Changes in the

Composition, Circulation Hydrological Cycle
Changes in
Solar Inputs
Clouds
Atmosphere T}
e /// /
!/ /
N, 0, A Volcanic Actvity ’////’ o
H,0,0, CH, N0, 0, etc. ; L
Aerosols Atmosphere-Biosphere
Atmosphere- Interaction
lee Precipitation
Interaction Evaporation
Terrestrial
Heat ~ Wind p ‘Radlatlon Human Influences Ice Sheet

Exchange Stress

Sea lce

Hydrosphere:
Ocean

Ice-Ocean Coupling

Land Surface
Hydrosphere: "

N Changes in the Cryosphere:
[ Snow, Frozen Ground, Sea Ice, lce Sheets, Glaciers

Rivers & Lakes |

Changes infon the Land Surface:
Orography, Land Use, Vegetation, Ecosystems

Changes in the Ocean:
Circulation, Sea Level, Biogeochemistry

Schematic view of the components of the climate system, their
processes and interactions. IPCC Fourth Assessment Report,
Climate Change 2007 (AR4) WG |
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GHG emissions

» Carbon dioxide: Most of the atmospheric
GHG emissions are CO2.

» Other gases to consider?
Abundant Atmospheric Gases

= Methane: Agriculture and livestock, NN 00
mining, transportation, and use of certain Vbogen e gm0
fossil fuels, sewage, and decomposing
garbage in landfills.

Greenhouse Gases m
= Nitrous oxide: The industrial agriculture ] /é\ ,,
il £ 1.(H)
and use of fertilizers accounts for the H«.H 0-C0 'i'!}w ’
majority of the Nitrous oxide release. b0 CoonDoe Oy Methne, G
= Halocarbon: They are non-natural but
manufactured compounds. Extensively (2. %) A
used as refrigerants. R

= Other gases like ozone or water vapour
have GHG properties.



Man-made GHG emissions

» Kyoto Protocol has identified
SIX main gases as:

= Carbon dioxide (CO2);
= Methane (CH4);
= Nitrous oxide (N20);

= Hydrofluorocarbons
(HFCs);

= Perfluorocarbons (PFCs);

= Sulphur hexafluoride
(SF6).
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Nitrous Oxide
5%

_Fluorinated Gases
: 2%

. Methane

Carbon
Dioxide
84%
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IMO

GHG warming effect

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation

is absorbed by the
Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s
surface.

An idealised model of the natural greenhouse effect. [IPCC 2007 AR4 WG 1]



Evolution of GHG emissions in the IL::ET@:"““
atmosphere over time

Concentrations of Greenhouse Gases from 0 to 2005

» The link between air emissions and 400[ T T 12000
Industrial activities are unequivocal. o {, {1800
m Carbon Dioxode (CO,) i
= — Methane (CHJ __ 1600
E 3501 m Nitrous Oxide (N,0)
2 I ~1400%2
» All types of GHG emissions show a = -
. . . . . . a —1200 o
(o1
sharp rise since industrialisation = 0
3 ~1000
=800
250 T . .1 1600
_ 0 500 1000 1500 2000
Atmospheric CO, at Mauna Loa Observatory Year
400 F _ o M FAQ 2.1, Figure 1. Atmospheric concentrations of important long-lived green-
ﬁgﬂzgﬁ;‘g“;’;g g:::;gﬁ’fgggrato : | house gases over the last 2,000 years. Increases since about 1750 are attributed to
2 ry human activities in the industrial era. Concentration units are parts per million (ppm)
g 3s0r 1 or parts per billion (ppb), indicating the number of molecules of the greenhouse gas
5 per million or billion air molecules, respectively, in an atmospheric sample. (Data
S combined and simplified from Chapters 6 and 2 of this report.)
T 360 ]
o
n
|—
E - =
< 340
320 1%
! 3

1960 1970 1980 1990 2000 2010
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The International Response

- Rational
- Various steps



Triggers for action I

» Local pollution
» Visibility of the consequences of air pollution

» Global disturbance
» Visibility of climate change

GLOBAL ISSUES NEED GLOBAL APPROACHES

CLIMATE CHANGE IS A TRULY GLOBAL ISSUE



Organizations and instruments |

» United Nations Environmental Program (UNEP)
» Intergovernmental Panel on Climate Change (IPCC)

» United Nations Framework Convention on Climate Change
(UNFCCCQC)

» Kyoto Protocol

» Vienna Convention & Montreal Protocol on Ozone-Depleting
Substances

» IMO for international shipping
» Etc.



INTERNATIONAL

United Nations Environmental Program (UNEP) Iz::::;;m

» UNEP established in 1972

» Mandate is to coordinate the global response
to environmental challenges.

P

> In the field of climate change, the UNEP Y o WY
supports countries in the following areas: \\f\ ' ' ’y
N\ )4

= Adapting to climate change

'-#{\-‘-r
= Mitigating climate change UNEP

United Nations

= Reducing emissions from deforestation Environment Programme

and forest degradation

= Enhancing knowledge and communication



Intergovernmental Panel on Climate Change |,:;:;11’:3:'M
(IPCC)

» Created under the auspices of the UNEP and the WMO
(World Metrological Organization)

» The IPCC was endorsed by the UN in 1988.

» Its mission is to: I PCC

. . INTERGOVERNMENTAL
= Review the state of knowledge of the science of PANEL ON

. CLIMATE CHANGE
climate change;

. . . AR P
= Carry out studies on the social and economic ‘Vi*t‘!- 5; {\1“ y
impact of climate change, including global warming; ;‘;;(‘; l‘.\'\. 1‘/)|>

= Propose possible response strategies to delay, limit
or mitigate the impact of adverse climate change;

» Acts as a major knowledge-organisation on climate
change.



IPCC assessment reports I

» IPCC have produced 5 major

assessment reports so far. ipcc
> The IPCC’s AR5-2014 (Fifth =S
Assessment Report) was released in B .
four principal sections: Gl :lfSGHZI‘ E“2’013L;%:?;p
= Contribution of W/G | (WGI): Lol S

A

The Physical Science Basis

= Contribution of W/G Il (WGII):
Impacts, Adaptation and
Vulnerability

= Contribution of W/G Il (WGIII):
Mitigation of Climate Change

= Contribution of W/G I, I, and IlI:
The Synthesis Report




United Nations Framework Convention on
Climate Change (UNFCCC)

» The UNFCCC is a framework Convention

which aims to limit the level of climate
change.

It focuses on promoting cooperation on
understanding and reducing the effects of
human activities on climate

It adopts legislative or administrative
measures against activities likely to have
adverse effects.

This instrument does not set precise
objectives/targets.

For target and limits, Kyoto Protocol later on
was adopted.
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1~
N\
United Nations

Framework Convention on
Climote Change



UNFCCC requirements

» As indicated, despite UNFCCC declarations, it does not set
guantitative targets.

» In requires that all Parties:

Develop and report “national inventory of anthropogenic
emissions by sources and removals by sinks”.

Commit to develop measures related to GHG control.

Promote “technology transfer and the sustainable management,
conservation, etc. ...." on climate change

Consider climate change in social, economic and environmental
policy development.

Cooperate in sciences, techniques and education as well as
exchange of information related to climate change.

Promote public awareness and education.



Kyoto Protocol

» The Kyoto Protocol (1997) concluded a first part of efforts to create
stronger commitment for the developed countries.

= Annex | countries accepted binding reduction targets.

= Non-Annex | countries accepted to support the process within
CBDR (Common But Differentiated Responsibility) framework.

» The GHG emissions are categorised as six main items including
CO2, CH4, N20O, HFCs, PFCs and SF6.

» To reach their targets, Annex | countries can reduce their emission
and/or offset their emissions via:

= Joint Implementation
= Clean Development

= Emission Trading
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Post Kyoto

» Kyoto Protocol commitments are extended to 2020.

» Currently, climate change negotiations are underway for post-Kyoto
arrangement.

» Paris (December 2015) may make new binding decisions for post-
Kyoto.



>

Montreal Protocol — Prevention of Ozone Depletion

The Montreal Protocol is designed to protect the ozone layer by
phasing out the production of ODS (Ozone Depleting Substances).

Entered into force 1 January 1989

Gases considered in terms of Ozone Depletion Potential (ODP):

= The ODP is based on the amount of chlorine which is released by
the refrigerant as it degrades.

= Reference ODP is for CFC R11 (also known as Freon-11, CFC-
11, or R-11) which is taken as 1.

Most of refrigerants are strong GHG emissions and thus limitation of
ODS will help climate change as well.



GHG and Shipping

UNCLOS and pollution
Emissions from shipping
MARPOL Annex VI & its chapter 4



Climate change impact on oceans

>

>

Oceans are a major sink for air emissions.
Ocean water properties changes as a resullt.

Ecosystems and marine habitats are disturbed by the modification
of the ocean properties.

Oceans acidification: Due to absorption of CO2 and acid rains. A
lower pH by 0.1 units already in place.

The high speed acidification may impair the ability of many
organisms to cope with changing water properties.

Ocean dilatation (sea-level rise) endanger the coastal
ecosystems and accelerates erosion.




World Fleet evolution from 1914-2007 I

» Continuous increase
n:

= Number of ships
= Growth tonnage

= Average tonnage
(size)

800,000 ]
==Number of ships
700,000 - —Total gross tonnage (1,000%) T8
—Average tonnage ®
}1 k&
EW|“W T §
E L =
500,000 - £
-]
g
-..5 E
400,000 - o
1 ]
‘e
300,000 - E
1 3
2W|DW T
+ 2
1W|“W 1 _-_-‘..'d-’d-’_ 1
0 - - - - - - - . 0
1910 1920 1930 1940 1960 1960 1870 1980 1990 2000

Source: Lloyd's Register, Statistical Tables, World
fleet statistics 2000
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United Nations Convention on the Law Of the |,;*;‘:;:1:3:*”““

Seas (UNCLQOYS)

» The UNCLOS possesses extensive references
to the protection of the environment.

» In its preamble, the UNCLQOS recalls the
Importance to:

= “Promote the peaceful uses of the seas
and oceans, the equitable and efficient
utilization of their resources, the
conservation of their living resources, and
the study, protection and preservation of
the marine environment.”

» UNCLOS demonstrates the importance of
protecting the environment via developing
proper enforcement mechanisms.

“The United Nations

Convention on the
Law of the Sea

r (UNCLOE) ‘

\

x.’-'//

\°L! : /|
B

\\. ‘



UNCLOS Principles

The UNCLOS reaffirms:

>

>

State duty to protect the environment and responsibility not to harm
others.

The measures developed should not transfer the damage or risks.

The global and regional cooperation are paramount in
environmental protection.

The risks and effects of pollution must be assessed scientifically.
The air pollution is an established concern.

Compliance Monitoring and Enforcement systems have to be
developed to verify the compliance of the activities.




Why IMO energy efficiency regulation?

INTERNATIONAL
? MARITIME
ORGANIZATION

Within Kyoto Protocol, IMO is
mandated to deal with

- - 0 UNFCCC
mte_rn{_;ltlonal shipping GHG COP Agrod: Rio 199
emissions. (Conference of Parties) Ratified: 1994

“The Parties included in
Annex | shall pursue
limitation emissions of GHG
from marine bunker fuels,

working through the SBSTA SBI Kyoto Protocol
. - (Subsidiary Body for (Subsidiary Body Agreed: Kyoto 1997
International Maritime Scientific and Technical for Implementation) Ratified: 2005

Organization” Advice)

[Extracts from Article 2.2 of MO ICAO




IMO structure

TheIMMD zowcmre

IMC

ASEENMBLY
iz
COINCIL |
MFPC AEC FAL LEG C
MARTNE FNVIROMAENT MARTTIME SAFETY FACTLITATION LEGAL TECHMICAL CO-0OPEE ATICH
PROTECTION CORIMITTER COMMITTEE COMMITTEE COMMLITTEE COLIMNIT TEE
ThsINLD = screcariat
Tir oure EECERETARY-GENERAL
Offce s fibe Secremry-
o erald
MAFITIME SAFETY MAFINE ENVIEONMENT LEGAL DIVISION TECHNICAL CONFERENCE ADMINIZTRATIVE
DIVIEION DIVIEION 0 DIVIEION DIVISION
O FERATION
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IMO Conventions relating to environmental | B

protection

MARINE POLLUTION
Discharge of various types of wastes,
oil, chemical substances

AIR EMISSIONS / GLOBAL WARMING
SUBSTANCES

ARNEC O/, AN, \IANA~. /LA~

DAMAGE TO ECOSYSTEMS
Harmful paints and coatings, alien
species carried by ballast water &

biofouling

PREVENTION OF DAMAGE AND
INJURIES RELATED TO THE USE OF
HAZARDOUS MATERIAL IN
SHIPBUILDING

D=C ORGANIZATION

MARPOL Annex

1-0il / ll- Noxious subs. in bulk / lll- Harmful
subs. in package / IV- Sewage / V- Garbage
/ VI- Air

Ballast Water Management
Convention

Hong Kong Convention for the safe
and environmentally sound
recycling of ships



MARPOL Convention

>

>

>

Annex | - Regulations for the Prevention of Pollution by Oil (entered
Into force 2 October 1983)

Annex Il - Regulations for the Control of Pollution by Noxious Liquid
Substances in Bulk (entered into force 2 October 1983)

Annex Il - Prevention of Pollution by Harmful Substances Carried
by Sea in Packaged Form (entered into force 1 July 1992)

Annex IV - Prevention of Pollution by Sewage from Ships (entered
Into force 27 September 2003).

Annex V - Prevention of Pollution by Garbage from Ships (entered
Into force 31 December 1988).

Annex VI - Prevention of Air Pollution from Ships (entered into force
19 May 2005).



MARPOL Annex VI scope IMO =

Regulated by MARPOL ANNEX VI

\

Engine related
emissions (NOx,
SOx, GHG) &

Cargo related emissions - .
incineration

(VOCs on tankers)




MARPOL Annex VI

>

Chapter 1 — General: introduces some of the basics of the
Convention as well as certain useful definitions.

Chapter 2 — Survey, certification and means of control: describe
the Survey requirements, certification system and control principles
Including Port State Control issues and violation detection and
enforcement.

Chapter 3 — Requirement for control of emissions from ships:
this chapter details the measures to address various air pollutants
and important related issues as bunker management and
Incinerator.

Chapter 4 — Regulation on energy efficiency for ships: the
purpose of the chapter is to regulate some operational and design
aspects. Some elements of this new part of the Annex VI enters into
force in January 2013



MARPOL Annex VI - Chapter 4 IMAR..ME"
IMO developed framework

» Regulations 19, 20, 21, and 22 deal with EEDI and SEEMP.

esign&Construction Operation

>

~

Speed control, Weather Routing, Well
maintenance, Optimum trim and draft etc. ]

EEDI Energy Efficiency
-------- o Operational Indicator SEEMP h
Energy Efficiency Performance improvement by ) -
Design Index the effort in operation Ship Energy
Performance of the Efficiency
hardware (ship). Sl ) X C Management

(g/ton-mile)  Cargo X Distance Plan
FOCxC

EEDI = [ —

(g/ton-mile)  Capacity X Vs

Source: IMO presentation on Technical measures
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Overview of IMO Activities on GHG Emissions



IMO major studies
> 15t IMO GHG Study 2000.

» 2" MO GHG Study 2009.

> 3 |MO GHG Study 2014.



27d |MO GHG Study 2009 content IMO =

Introduction to shipping and its legislative framework

Emissions from shipping 1990-2007

Technological and operational potential for reduction of emissions
Policy options for reductions of GHG emissions ...

Scenarios for forecast of future shipping emissions

Climate impact

vV V VY Y Y VY VY

Comparison of emissions of CO2 from ships with emissions from
other modes of transport



2nd GHG Study findings: |L:;:r:::; '''''

Breakdown of shipping GHG emissions

OOOOOOOOOOOO

Total shipping
International shipping
(million tonnes) million tonnes (O, equivalent

-

I (o, 870 1050 1050 1
CH, Not determined* 0.24 6 f
N,O 0.02 0.03 9 ]
HEFC Not determined® 0.0004 <6 :

|
[
* Asplit into domestic and international emissions is not possible. = = = = = = = ittt

1CO2is the m

Ishipping GHG

| L
Table in Second IMO GHG study 2009 Lem I S S I O n .

: I
ain i
I

I



2nd GHG Study findings: I
Shipping relative efficiency

Crude h
LNG
General Cargo ||
Reefer
Chemical |p
Bulk [m
Container |
LPG (9
Product |
Ro=-Ro/Vehicle [ ]
Rail | I
Road ]
Air Freight ]

0 200 400 600 800 1000

*
'g CG zﬂgn km Typical range of ship CO2 efficiencies compared to rail,

road and air freight - in the Second IMO GHG Study 2009




2nd GHG Study findings:
Shipping compared to other industries (global)

m International Aviation I International
1.9% I Shipping
2.7%

- e ems s =
Rail m Domestic Shipping and
) 0.5% Fishing
o 0.6%

m Other Transport
(Road)
21.3%

Production
35.0%

Manufacturing
Industries and
Construction
18.2%

m Other
15.3%

Other Energy
Industries
4.6%

INTERNATIONAL
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In 20009, Shipping
accounted for less than
2.7%. This share is
forecast to increase In
the future

m Electricity and Heat

in the Second IMO GHG study 2009



2nd GHG Study findings: I
Potential for reduction of CO2

Saving of CO,/tonne-mile Combined Combined
: DESIGN (New ships) EEDI & technology related measures :
= CORpT. Speed maT Gpabm= === ===~ PN (v
Hull and superstructure 2% to 20%
Power and propulsion systems 3% to 15% 10% to 50°%*
Low-carbon fuels 5% to 15%*
Renewable energy 1% to 10% 25% to 75%°
Exhaust gas CO, reduction 0%
| OPERATION (Allsipy_ _____ SEEMP & operation related measures |
_Flect management, L a0 L 1L
: Voyage optimization 1% to 10% | ¥ 10% to 50%*
' Energy management 1% to 10% :
;1* CO, equivalent, based on the use of LNG. = = = = e e e e e e e =
K _Jr R_eduiticriatt_hisﬁfelivmﬁi re_quirireductionsm operational speed. I Company dependent

Table in Second IMO GHG study 2009



2nd GHG Study findings:
Policy approaches to reduce GHG

+ Deferred
— ' for later

. . |
! 1 discussion .

Economical

\ }

Operationa

Market-based
Instrument focus

on Global
objective

Included in
Annex Vi
Chapter 4




2nd GHG Study findings:

Main findings

>

>

Shipping was estimated to have emitted 3.3% of the global
emissions during 2007.

International shipping was estimated to have emitted 870 million
tonnes, or about 2.7% of the global emissions in 2007.

Carbon dioxide is the most important GHG emitted by ships.

A significant potential for reduction of GHG emissions through
technical and operational measures had been identified.

Energy efficiency of ships could potentially be 25% to 75% below
the current levels.

A number of policies to reduce GHG emissions from ships were
conceivable.

Shipping had been shown, in general, to be an energy-efficient
means of transportation compared to other modes.



3" IMO GHG Study 2014

» The Third IMO GHG Study 2014 aimed to update the 2nd IMO GHG
Study 20009.

» The main objective was to focus on the following topics:

Development of the inventories of CO2 emissions from
International shipping for 2007-2012

Development of the inventories of other air emissions from
International shipping for 2007-2012

Development of future shipping scenarios and projection of
shipping emissions for 2012—-2050



3'd IMO GHG study findings:
Shipping share of global CO2 emissions
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IMO GHG Study 2014 CO,
. Percent . - Percent
L1 Total shippin International shippin

Vear  Global CO; PG ot global PRI o global

2007 31,409 1,100 3.5% 885 2.8%

2008 32,204 1,135 3.5% 921 2.9%

2009 32,047 978 3.1% 855 2.7%

2010 33,612 915 2.7% 7 2.3%

2011 34,723 1,022 2.9% 850 2.4%
2012 35,640 938 2.6% 7% C22% )

Average 33,273 1,015  3.1% 846  2.6%

International shipping share of total

global GHG emissions has been 2.2%

in 2012



3'd GHG Study findings: Ia‘::m:““
GHG emissions per ship type for 2012

Vehicle

Ro-Ro

Refrigerated bulk
Other liquids tankers
Oil tanker

Liquefied gas tanker
General cargo
Ferry-RoPax
Ferry-pax only
Cruise

Container

Chemical tanker

Bulk carrier

ORGANIZATION

I 25

I 29

. 18

|1

I 124
I 46

. 68

. 7

|1

I 3S
T 205
I -
. 166

0 50 100 150 200 250
CO, emissions (milion tonnes)



3'4 GHG Study findings:
Emissions estimates

» Emissions
estimates for all
shipping for period
2007 to 2012.

Green bar
represents the 2nd
IMO GHG Study
2009 estimate

0,000

25,000
£ 200w
g 15,000
; 10,000

5,000

o

= 2007 total (IMO Study 2009)

3,000
2,500

E 2,000

g 1,500
E 1,000

5

g

o

= 2007 total {IMO Study 2009)

111

Total €0,

Total CO, TotalCO, TatalCO, Total €O, Total CO,
007 2008 2009 200 M1 2m2
2007 tatal {IMD Study 2005 W Total Bottom-upE stimate:
a. COQ

111

Tatal N0 TokalNyO  Total MO  Total ;0 Total NO  Tatal N,O

2m7 008 2009 2010 M1 amz
= 2007 total (MO Study 2005) B Total Botiom-up Estimate
c. N20

Total MOx Total NCOw Total MW Total MOCw Total NOx Tatal Mix
2007 2008 2009 2010 1 Imzr

W Total Battom-ug Estimata

2.

NOx

LIIIII

Total 00 Total OO Totsl GO Total C0 Total OO0 Total 0O
2007 2008 2009 PR Pl 2042

™ Total Botmar-up Estimate

g. CO
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™ Total Batton-up Estimate

h. NMVOC



3'4 GHG Study findings: I
Fuel consumption details by ship type and system

Annual shipping fuel consumption per ship type and combustion
system

Yacht .I 1,100
Vehicle ._ 7,900
Service - tug ._ 6,700
Service - other 3,800
Ro-Ro M 9300
Refrigerated bulk — 5,700
Other liquids tankers 1 300
Oil tanker G 39,700
Offshore 8,600
Miscellaneous - other | 2,300
Miscellaneous - fishing — 16,100 Im
Liguefied gas tanker — 15,700
General cargo ._ 21,700
Ferry-RoPax _—9,900
Ferry-pax only - 3,700
Cruise '— 11,100
Container S S 66,000
Chemical tanker ————— 17,500
Bulk carrier — 53,400

0 10,000 20,000 30,000 40,000 50,000 60,000 70,000
Fuel 2012 in thousand tonnes (ktonnes)

® Sum of Main Engine  ® Sum of Auxiliary Engine = Sum of Boiler



3'4 IMO GHG Study findings
CO2 emissions projections

>
>

Various scenarios modelled.

An average increase of 50%
to up to 250% of shipping
emissions by 2050.

This study plus a number of
other past studies all point to
the fact that future shipping

GHG emissions will increase.

Regulators aim to stabilise or
reduce future emissions.

IMO

INTERNATIONAL
MARITIME
ORGANIZATION

CO2 emissions {(Mton)
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Activities leading to Chapter 4 of MARPOL Ix:zf;:*s;")"“
Annex VI

ORGANIZATION

IMO Energy EfficiencyRegulatory Developments

MEPCA40 MEPC53 MEPCS7 MEPC58  MEPCSQN v v l 5 .. .. MEPC68

Dec June  Mar Tune Feb Jul Tan Tuly Feb EZ May M NGy
2008 o008 a9 2009 2010 20U e 2013 2014 2014

VL cl

h-___
. Energy EEDI &
_Resolution8 | \ppe o prop O o Efficiency SEEMP
CO2 emissions P 1 GHG Working WG RegsAdopted
From ships Group 2
_ _ MARPOL VI
fEPC Cﬁll:: ggzl EEE:EII}}II E::l-icﬁ“h: MARPOL VI Amendments
Resolution A.963 (23) EPC Circ. 603 SEEMP | | R ienS s Mﬁﬁ“;‘;}“&'ﬁ
“IMO policies and practices {EPC Circ. 634 EEOL MEPC 203(62) 2109)
related to reduction of GHG

emissions from ships™

Resolution MEPC.214(63)EEDI Verification EEDN Calculation Guidelines
Resolution MEPC.213(63)SEEMP

Resolution MEPC.231(65) Reference Lines

Resolution MEPC.212(63)EEDN Calculation ‘ I‘ Resolution MEPC.245(66)

Resolution MEPC.232{65) Minimum power Debate on
Resolution MEPC.233(65), Reference lines for cruiseships Data
MEPC.1/Circ.815 Innovative EE Technologies collection
MEPC.1/Circ.216 Consolidated on EEDI verification

3™ GHG
Study 2014




Developed current regulatory framework Iz::::,:“.zim

esign&Construction Operation

»

v

_ ' Speed control, Weather Routing, Well
\‘*é ‘iﬂ_,_,,‘/’ ﬂ/\ 48 maintenance, Optimum trim and draftetc.
\-f_-——--’
EEDI Energy Efficiency
-------- 0 Operational Indicator SEEMP h
Energy Efficiency Performance improvement by ) -
Design Index the effort in operation Ship Energy
Performance of the Efficiency
hardware (ship). S e ) X © Management
(g/ton-mile)  Cargo X Distance Plan
FOCxC
EEDI = S
(g/ton-mile)  Capacity X Vs :

Source: IMO presentation on Technical measures

Will be fully described under Module 2



IMO Further measures

>

All studies shows that absolute level of shipping emissions and its
global share will increase despite the current agreed measures.

Thus further measures for energy efficiency are being debated.

Currently, it is on a “data collection system” that primarily aim to
regulate the ship’s fuel consumption measurement.

Since April 2014, IMO reached preliminary conclusions on a general
description of such a global data collection system.

The draft developed data collection system identifies three core
elements including:

1. data collection by ships;

2. flag State functions in relation to data collected including
verification; and

3. establishment of a centralized database by the IMO.



IMO Further measures

» The main features of the IMO data collection system are:

Applicable to ships of gross tonnage more than 5000 GT
Annual reporting

IMO number for ship identification

Confidentiality of data such as transport work will be observed.

Guidelines will be developed to deal with various details of data
collection and verification activities.

Registered owner will be responsible for submission of data to
Administration

Administration will be responsible for verification (can be
delegated to Recognized Organizations).

A Statement of Compliance (SoC) will be issued by the
Administration to each ship annually.

» This work still under progress.



Further measures — Debate on Market Based IL:;:.‘;T;L"’““
Measures (MBM)

» Despite significant debate on MBM in the past, discussion on this
subject is currently suspended.



Summary of learning points I
» Consequence of combustion outcome
» Global impact on ecosystems
» International actions:

= UNEP

= |[PCC

= UNFCC and Kyoto Protocol
» International shipping and IMO

= UNCLOS

= MARPOL Convention

* IMO GHG studies and their findings
» MARPOL Annex VI

» QOverview of IMO activities leading to energy efficiency regulations and
further measures.



Thank you for your attention

ANY QUESTIONS?

For more information please see:
WWW.Imo.org



http://www.imo.org/

