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Innovation and clean energy
for international aviation and shipping

PROGRAMME

1. Opening remarks — Salvatore Sciacchitano, President of ICAO Council

2. IMO Video for COP28 — Kitack Lim, IMO Secretary General

3. Overview of ICAO work — Jane Hupe, Envoy of the ICAO Secretary General to the UNFCCC COP

4. Decarbonising International aviation and shipping with renewable energy, Roland Roesch, Director of the
IRENA Innovation and Technology Centre

5. Overview of IMO work — Camille Bourgeon, IMO Technical Officer, IMO Secretariat,

6. Industry perspectives on innovation and clean energy for aviation — Haldane Dodd, Executive Director, Air
Transport Action Group (ATAG)

7. Industry perspectives on innovation and clean energy for shipping — Guy Platten, Secretary-General of
International Chamber of Shipping (1CS)

8. Civil society perspectives on clean energy for aviation and shipping, Dan Rutherford, Director ICCT
aviation and marine programs.

Questions & Answers Session
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Overview of ICAO work
9y the Envoy of ICAO Secretary General
to the UNFCCC COP

Ms. Jane Hupe




The yea f_a
the warmest yez

- — ‘ - %- mm-“lpﬁ mmn-lvpﬁ rr—— -' y er
- - C&natedlangezozl annmamgezozz Cﬁmteaungezozz
\-‘.q The Physical SenceBasis  pacts Adsptationand Vuerabilty  Miigatin of imate Choge

ARG Synthesis Report

. By 4 Climate Change 2023 ™
climate change T e r

wMo UNEP

INTERGOVERNMENTAL PANEL ON




To address climate change
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Aviation Energy Transition is ON




CAAF

Third ICAO Conference on
Aviation and Alternative Fuels
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Collective Regulatory Implementation Facilitate
Vision Foundation Initiatives Financing




Collective
Vision
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5 % by 2030, through aviation cleaner energy use
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Each State’s special circumstances and respective capability
will inform its ability to contribute to the Vision
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Collective
Vision

LTAG Report scenarios are clear: =

Aviation

cleaner
energy

Largest potential to reduce CO:2 emissions

International Aviation CO, Emissions (in MtcO,)
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Regulatory
Foundation

ZRSIA|

CORSIA sustalnablllty criteria, sustainability certlflcatlon and life-
cycle assessment methodology for SAF and LCAF, as the accepted
basis for the ellglblllty of aviation cleaner energles

Parameters for fuel accounting &

reporting methodologies

CORSIA Eligible Fuels

Study on fuel accounting

systems / possible ICAO role | R '

~ CZRSIA

ICAO document ICAO document

CORSIA Me th d lo gyf Calculating Actual Life ~ I CORSIA Approve d Sustainability Certification Schemes

Cycle Emissions Value

June 2022 June 2023

CZRSIA | CZRSIA
. ' Offsetting and Reduction Scheme for International Aviation Carbon Offsetting and Reduction Scheme for International Aviation



Implementation
Initiatives

States
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Implementation

ICAO State Action Plans (SAPs

Initiatives

¢ issions

Il SAPs submissions/year (accumulated)

Doc 9988

Guidance on the Development of States’
Action Plans on CO2 Emissions
Reduction Activities

Third Edition, 2019

- 142
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Implementation

A Parentships announcements at CAAF/3

European Union: SAF Feasibility studies in 10 African States

France : SAF Business Implementation Project in Ethiopia

-

r Netherlands : SAF Feasibility Studies in Chile, Jordan

Airbus : SAF Feasibility Studies in South America
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Facilitate
Financing

Financi ng avie
emissions reduc

"F, '~ =

L - - -
L™

— »
\\

 Operationalization of ICAO Fin\;est Hub initiétive

 Expedite work to consider the establishment of a climate

finance initiative or funding mechanism under ICAO
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Collective Regulatory Implementation Facilitate
Vision Foundation Initiatives Financing

ICAO Global Framework and Vision —

Monitoring and periodic review

* Progress on emissions reductions and means of implementation (e.g.
through State Action Plans, ICAO annual Stocktaking)

« Aspiring to have cleaner energy production facilities in all regions

« Convening of CAAF/4 no later than 2028, for updating the ambition on
the basis of market developments




CAAF/3 - ICAO Global Framework, as a landmark decision to support
global scale up of aviation cleaner energies

Provides clarity, consistency and predictability to all stakeholders on
policies, regulations, implementation support and investments

A clear signal on the continued leadership of ICAO

Over 100 new / additional SAF announcements in 2023 and beyond

— ICAO Framework will strongly support their realization
o S\ - —



Aviation Energy Transition in ON
Welcome on board!



IRENA

Infernational Renewable Energy Agency

Decarbonising international aviation and shipping
with renewable energy

Roland Roesch
Director IRENA Innoyation and Technology Centre

. COP28
2 December 2023



H, based fuels are not equally suitable for all sectors

4 Maturity of hydrogen solutions
(compared with other decarbonisation solutions) HYDROGEN

ELECTRIFICATION

>

Distributed applications Centralised applications

24



Decarbonisation requires large amounts of renewable energy

Energy demand decarbonisation pathways for shipping and aviation
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Electricity demand for e-fuel production will grow exponentially

Electricity consumption by end-use sector (TWh/yr) in the 1.5°C Scenario
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By 2050:

* H, supply reaching 530 Mt/yr
(6x growth)

* Shipping and aviation expected to
consume ~120 Mt/yr

* Electricity consumption to grow 3.3x

 Renewable resources are plentiful,
the key is the timely planning of their
deployment.

 For e-fuels to be sustainable, carbon

needs to come from sustainable
sources

26



Shipping and aviation have similar paths to net-zero .

AT
COP28

Multi-fuel solution — biofuels, e-methanol, e-ammonia, e-
@ Technology kerosene

= Carbon for e-fuels needs to be sourced sustainably!

= Ammonia, H2 planes still need development, so does DAC

Simultaneous growth of supply and demand for renewable fuels

= Timely development of infrastructure

=  Harmonised certification of green fuels and
safety standards

Clear and ambitious policies and regulations
Reg ulation " Longterm targets with short-term milestones

= Carbon pricing is critcal to close the fuel cost gap.

Cooperation between governments, between public/private
sectors and across end-use sectors.

Cooperation

= Collaborative instruments, such as green corridors can
demonstrate and scale decarbonisation efforts




IRENA is advancing the decarbonisation agenda with its Members

NAVIGATING THE WAY

Preliminory Angisgs

A pathway to

DECARBONISE
THE SHIPPING
SECTOR

By 2050

TBIRENA
L// 2

INNOVATION
OUTLOOK

RENEWABLE
AMMONIA

AMMONIA ENERGY
A\ Ammon

TO A RENEWABLE FUTURE:
SOLUTIONS TO DECARBONISE SHIPPING

T®IRENA B ' T8 IRENA

BIOFUELS FOR AVIATION

TECHNOLOGY BRIEF

OBIRENA
GLOBAL HYDROGEN TRADE TO - '
MEET THE 1.5°C CLIMATE GOAL ' T
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REACHING ZERO WITH RENEWARLES

BIOJET
FUZLS

INNOVATION
OUTLOOK
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COP28

®® IRENA

Infernational Renewable Energy Agency

Ministerial Roundtable
Decarbonising Shipping
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- COP28

IRENA at COP28



| MARINE ENVRONMENT DIVSION (
MARPOL AT 50

from international shippir

Mr. Camille Bourgeon
International Maritime Organization (IMO)
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INTERNATIONAL
MARITIME

(LY
Q‘“@ ORGANIZATION ...In a nutshell

United Nations specialized agency
@ mandated to ensure safe, secure and efficient
shipping on cleaner oceans

175 Member States, 3 associated members,
- 143 observer organizations (IGOs and NGOs)

. IMO regulates > 50,000 ships trading
worldwide

IMO'’s instruments contain binding
‘H obligations for all ships (MARPOL Annex VI
covers 97% of world’s tonnage)

R These provisions are enforced globally by
<t flag States and port States

"wmareoarse 0000 BEWERELD saiiteon
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Existing IMO Iinstruments are already driving innovation and energy
efficiency improvements to reduce GHG emissions from ships...

Design requirements for
new builds (EEDI)

IMPROVED === POWER Q SPEED
HULL R LIMITATION OPTIMIZATION
DESIGN

Technical energy efficiency N
: WASTE HEAY “s WIND :) BIOFOULING
requirements (EEXI) RECOVERY ASSISTANCE == MANAGEMENT

[
Efggrcnel::’ ? PROPELLER //'\\ ALTERNATIVE

OPTIMIZATION O' FUELS

CONSUMPTION

elc, etc, etc.

Operational energy efficiency
requirements (CII )

_ _ IMO REGULATON DRIVES INNOVATION TO REDUCE
Annual fuel consumption reporting THE CARBON INTENSITY OF INTERNATIONAL SHIPPING

(IMO Data Collection System)

IMO regulations are key to driving the decarbonization of shipping

/—\\
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...However, to decarbonize the shipping sector, most of the GHG reduction effort will come
from a change Iin the energy system

Solutions that can contribute to decarbonize shipping, and their GHG reduction potential

@ O

LOGISTICS AND
DIGITALIZATION

HYDRODYNAMICS MACHINERY ENERGY

AFTER TREATMENT

Speed Hull coating Machinery LNG, LPG Carbon
reduction Hull-form | efficiency Biofuels capture and
Vessel optimization I RIoEE NS storage
utilization Waste-heat Electrification

Air lubrication T

Vessel size recovery Methano

Cleaning , , :
e E s e Engine de-rating Ammonia
routes Battery Hydrogen

hybridization Wind power
Fuel cells
Nuclear
>20% 5%-15% 5%-20% 0%-100% 0%-90%
©DNV 2023
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Cleaner marine fuels expected to be mature in the coming years
regulatory certainty from global measures expected to drive demand

Technical and commercial readiness of alternative marine fuels

n R&D Demol/pilot  m Operating commercially mCommercial development  mFully mature

Biodiesel

Biofuels Biomethane

Biomethanol

Green hydrogen

Green ammonia
E-Methane

E-Methanol
E-Diesel

Blue hydrogen
Blue fuels _
Blue ammonia

2020 2025 2030 2035 2040 2045 2050
Source: IMO Future Fuel and Technology (FFT) Project
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2023 IMO Greenhouse Gas Strategy: strengthening IMO’s commitment
to shipping decarbonization as part of wider global efforts

PRt ——4 .
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“IMO remains committed to reducing GHG
emissions from international shipping and, as
a matter of urgency, aims to phase them out
as soon as possible, while pro \g, in the
context of this Strategy, a just and equitable

transition”
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2023 IMO GHG Strategy: outlining the pathway to net-zero emissions
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or technologies

30

Index [2008=100]

20

10 Net-zero

2008 2018 2030 2040 2050

(close to)

——— historical emissions
i absolute GHG emissions reduction: levels of ambition and indicative checkpoints (high)

absolute GHG emissions reduction: levels of ambition and indicative checkpoints (low)
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Development of a basket of mid-term measures

MEPC 80 agreed to develop a basket of candidate measure(s), delivering on the reduction
targets, comprised of both:

« atechnical element, namely a goal-based marine fuel standard regulating the phased
reduction of the marine fuel's GHG intensity; and
« an economic element, on the basis of a maritime GHG emissions pricing mechanism.

The mid-term GHG reduction measures should:
« effectively promote the energy transition of shipping
« provide the world fleet a needed incentive
« while contributing to a level playing field and a just and equitable transition

Comprehensive impact assessment and measure development timeline:

. - Interim report Final report of Approval of draft Adoption of
Es:s:lgstgem::; of Identification of of the Steering the Steering amendments to amendments to Entry into force
consortium Committee Committee MARPOL Annex VI MARPOL Annex VI

Committee

September 2023 Autumn 2023 Early 2024 Autumn 2024 Spring 2025 Autumn 2025 2027

//\\\ INTERNATIONAL
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The effective implementation of global measures require a significant enhancement of
capacity-building and technical cooperation. 2 examples:

“Flagship project” supporting
selected developing countries In cooperation with the ICS, ITF,
SIDS and LDCs (“‘USD 20 mllllOn) UN Global COmpact, and ILO

Feasibility studies for the Supporting the Philippines in
production and provision of low- upgrading maritime training
and zero-carbon fuels in South institutions to address shipping
Africa decarbonization

A number of new IMO Initiatives and projects are being developed in
all regions and we stand ready to support Member States needs

" " MARPOL AT 50



Delivering the IMO net-zero pathway with all hands on deck: joint efforts
across the maritime value chain

ﬂl\/lo and Member States

= Develop and adopt by
2025 a basket of measures
to promote the energy
transition of shipping

= Put in place the ruleset
allowing safe bunkering and
on-board use of alternative

NG _

~

just and
equitable transition

= Support developing
States and seafarers in
exploring opportunities in
decarbonization whilst
ensuring access to

affordable and reliable

\maritime transport servicey

Q'@ " MARPOL AT 50

SUSTAINABLE SHIPPING

I O O

SUSTAINABLE PLANET

/ Maritime industry \

= Demonstrate leadership
and innovation through
early action (new-build
orders, first-movers, green
corridors, etc.)

= Engage in partnerships

with ports, fuel producers,

k financial sector /

~=CHll> O0URCOMMITMENT GOES ON
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For further information

Contactus | Careers English | Frangais | Espafiol MO WEB ACCOUNTS |
ey INTEARNATILEMA] m
i@} MARITIME Q

anel A SRS ABOUT IMO MEDIA CENTRE ™ OUR WORK PUBLICATIONS KNOWLEDGE CENTRE

Climate action and clean air in shipping Climate action e ja— ;
Ensuring a just and

Home » QurWork ¢ Marine Environment  » Climate action and clean zir in shipping » Historic background = =5
» IMO Strategy on reduction of GHG emissions from eq u.ta ble tranS't' on
ships
In 1997, a new annex was added to the international Convention for the Prevention of Pollution from Ships (MARPOL). The "Requlations for the . towa rds
an

prevention of air pollution from ships” (Annex VI) seek to minimize airborne emissions from ships (SOx, NOx, ODS, VOC shipboard incineration) and I - i
IMO GHG studi - b h
the carbon intensity of global shipping in order to annihilate its contribution to local and global air pollution and environmental problems. s ow car on s 'pp ng

Improving the energy efficiency of ships

-

-

MARPOL Annex VI entered into force on 19 May 2005 and since then it has been continuously evolving in line with the commitments that Member

w

IMO Data Collection System (DCS)
States make within IMO to limit the harmful effects of air pollution and GHG emissions from international shipping on human health and the

-

Alternative marine fuels
environment.

IMO's multi-donor GHG Trust Fund

»

» Media

Climate action Clean air in shipping

Clean air in shipping

» Historic background

» Equivalents (SOx scrubber, etc.)

*» Ozone-depleting substances (0DS)
Reduction of greenhouse gas (GHG) emissions of international Reduction of air pollution of international shipping > Nitrogen Oxides (NOx)
shipping

w

Sulphur Oxides (S0x)

w

olatile Organic Compounds (VOC)

w

Shipboard incineration

w

Fuel oil availability and guality

www.imo.org - IMO at COP 28
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http://www.imo.org/

Thank you for your attentron
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mm International
W Chamber of Shipping

COP28
Dubai, UAE.



2 Main stories interlinked in this
picture
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Clean Energy Marine Hubs (CEM-HUDS)  wmes c1 EAN ENERGY

s
The ENERGY-MARITIME high-level global initiative MARINE HUBS

AN INITIATIVE OF THE CLEAN ENERGY MINISTERIAL

4" propulsion

Shipping’s four propulsion revolutions revolution
Combustion and S
Sosiifisit diesel engines u —
Propelled coal-fired sts:;ips '.;é 3 i :" | W h a t m a ke S t h e

' adk " net-zero
transition
‘ s .

/\~ 3 different?

1450
1400 1500 1600 1700 1800 1900 2000 | Now 2050 2100

- Coal-fired steamships | . Combustion and diesel engines | . Ammonia | . Hydrogen |
[l Propelied coal-fired steamships | [l Heavy fuel oil engine |
. Battery/electrification |

% CLEANENERGY mm International °
MINISTERIAL W Chamber of Shipping l&ll)llﬁ

Advancing Clean Energy Together



Clean Energy Marine Hubs (CEM-Hubs)

The ENERGY-MARITIME high-level global initiative

. 0 TWh BP BAU
'g o 1-1 TWh Shell Islands How to

g §|[1e-227wh Shell1.5 L

S 8|[233313TWh |  Shell Waves prioritize
.§-§ 33-622 TWh _ BP Rapid dCCessS tO

£ 5 | IR  cP NetZero electricity?
g IRENA 15°C

L] IEA NZE

\4

S 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Net-Zero = More Electricity needed
. Qil . Natural gas - Other, e.g. biofuel, electricity . Hydrogen-based fuels

IMO’s_Strateq%/ and Net-Zero Goals = Net-zero by 2050
Paradigm shi

* Production at scale of low and zero carbon fuels close to ports.
« Global regulation and cross-sectoral collaboration N
« Dual-role of Shipping as an ENABLER of the energy transition

‘% CLEANENERGY s International . S8
MINISTERIAL W Chamber of Shipping ‘(.I)h

Advancing Clean Energy Together



CLEAN ENERGY
MARINE HUBS ¢

AN INITIATIVE OF THE CLEAN ENERGY MINISTERIAL

Clean Energy Marine Hubs (CEM-Hubs)

The ENERGY-MARITIME high-level global initiative

GAP between government announcements and real progress (low-carbon hydrogen).

180 Need to fill the grey H, gap

as well as new energy use gap
160

M Existing uses
140

 ®m New uses

IIIII o

Operational Proposed IPCCREN IPCCSP  IPCCLD IEA Net Zero |IREMA Tyn d d I I

Centre/ICS

120

Only 4 % of
the projects
are
operational
worldwide.
How many
close to
ports?

[}
oo =
= =

to fill the gap (Mt)

ju)]
]

Low-carbon hydrogen required

N
=

Podi
=

=

% CLEANENERGY mm International 0
(J’ MINISTERIAL §P Chamber of Shipping l&ll)llﬁ

Advancing Clean Energy Together



CLEAN ENERGY
MARINE HUBS ¢

AN INITIATIVE OF THE CLEAN ENERGY MINISTERIAL

Clean Energy Marine Hubs (CEM-Hubs)

The ENERGY-MARITIME high-level global initiative

Energy Products Seaborne Trade towards low-carbon fuels 2050. To increase share of clean fuels.

000 B Ammonia

2020
4500 M Biofuels

2030

£ 4000 Biomass

I = Coal

2050 m Gas
m Oil
|
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ipcc- ren |

Energy Products transported (Mt)
= = N N w w
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Advancing Clean Energy Together



B MARINE HUBS?

AN INITIATIVE OF THE CLEAN ENERGY MINISTERIAL

Co-leading Governments

Y

SiX supporting governments
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Canada Norway Panama Uruguay




Innovation and clean energy for
International aviation and

shipping

2 December 2023
ICAQO, IMO, and IRENA side event

Dan Rutherford, Ph.D.
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Investment needs for net-zero international aviation, 2020 to 2050

$6
W Fuel savings M Mature tech M Emerging tech
$5 —
—_— L
I
- ]
<
:
S $3
!
c
£
o $2
O
£
$1
$0
Power-to- Mature biofuel Aircraft R&D H, infra H, fuel Aircraft Fuel
liquids Saving
Emerging Aircraft NRC Ops Cost LCAF Ops Fuel
biofuel Saving
iCCt Figure 3. Total investment need (2020-2050) sorted by technology.

THE INTERMNATROMNAL COLINCIL

https://theicct.org/wp-content/uploads/2023/11/Aviation-government-spending-A4-Working-paper-25-20026-v4.pdf



Modeled financing structure for decarbonizing international aviation from the LTAG
report

Investment flow
Stakeholders » Technologies

Fuel Suppliers: 3,093

Government: 1,353

|

Manufacturer: 345

/ -

ANSPs: 15— i
/

w*ﬁm'(mrd%
Airports: 132

O

ICCt Values in million USD.

A https://theicct.org/wp-content/uploads/2023/11/Aviation-government-spending-A4-Working-paper-25-20026-v4.pdf



Principles for supporting clean energy in international transport

1. Supportemerging technologies that
can be brought down the cost curve

2. Do discriminate between good and

bad fuels on a WtW basis y <
3. Be comprehensive and cover all Y - E
GHGs not just CO, &

4. Be timely In promoting measures that
we need now

5. Follow the polluter pays principle

6. Don'ttry to cut the line
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