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ABSTRACT

* |International aviation and shipping sectors are core to
the world’s global trade, transport, leisure and
commerce sectors.

* Both account aprox. 6% of GHG emissions.

* Similarities and differences of environmental impact
on climate change and environmental strategy for both
sectors are presented.

* Reducing energy demand through efficiency
enhancements and behavioral changes are key
mitigation strategy and both Aviation and Shipping
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GHG Emission Analysis

* According to IPCC report: transport is responsible for around 1/4
of GHG emissions (2" biggest emitting sector after energy).

* Road transport contributes about 1/5 of total emissions of CO,
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GHG Emission Analysis per sector (Source: UNEP)
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GHG Emission Trends

* GHG Emissions from transport have increased 36% since 1990.

* Both sectors are likely to grow over the coming decades,

despite mitigation efforts through technology, operations and
usage of low-carbon fuels.
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Historical and projected CO, emissions from transport (Source: IPCCC Report)
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AVIATION ENVIRONMENTAL POLICY

* |CAO has developed a strategy to address GHG emissions from aviation,
with aspirational goals:

Improve 2 % fuel efficiency/year
Keep stable CO, emissions from 2020

Development of mitigation measures to reduce CO, emissions such as: aircraft technology

improvements, operational improvements, sustainable alternative fuels for aviation and
global Market-Based Measures (MBMs).

Aspirational goals

1600 2010 Fleet and
Operational Efficiency

CO, Emissions Trends R g
Basket of measures

No action

=

International Aviation Net CO2 Emissions (MT)

Carbon Neutral Growth from 2020
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Aircraft Technology

Average passenger fuel consumption has dropped from 8 It/100km
(2 gal/62mi) in 1985 to 5 It/100km (1.25 gal/62mi) in 2005.

On a per-flight per passenger basis, efficiency is expected to continue to
improve through 2050.

Worlwide passenger air traffic fuel consumption (liters per 100 ASK)

8 litres
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Air traffic fuel consumption trend (Source: ICCAIA)
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Fleet Renewal

* Aircraft fleet is expected to increase to about 47,500 by 2036,
of which 94% aircraft will be new generation technology.

 The expansion of the aircraft fleet, as a result of air traffic
demand growth, is anticipated to offset any gains in efficiency
from technological and operational measures.

, Aircraft Fleet evolution (Source: ICCAIA)
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Operational improvements

Aircraft operations are being optimized today to improve environmental
performance while maintaining safety.

Operational opportunities and techniques for minimizing fuel consumption
in civil aviation operations is aiming at: airlines, airports, air traffic
management and air traffic service providers, airworthiness authorities,
environmental agencies, and various government bodies.

Civil Air Transport System — Aircraft fuel use and atmospheric effects

’.——_—A_\

Operator Commercial i
Fuel Type Decisions a.ﬁ:rgagT:es
Standard fuels Equipment Selection Stringency
and Route Development and Technolo
Alternative Fuels Flight Ops Standards v
Etc. Yield Management Eic
Etc. '

Key Influences and Enablers
Demand, Policy, Institutional Aspects, Regulations, Assessment Capabilities, Interdependencies
(e.qg. noise and national security needs), R&D, Performance Information, System Information,
Weather, Unplanned Military Activities and Emergencies Efc.

Civil Air Transport System (Source: ICAO)
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Sustainable alternative fuels

* Sustainable aviation biofuels are one of the most promising solutions.

 Between 2008 and 2011, at least ten airlines and several aircraft
manufacturers performed flight tests with up to 50% biojet fuel.

* Since the certification of Hydroprocessed Esters and Fatty Acids (HEFA)
fuels in 2011, 21 airlines have performed over 1,600 commercial
passenger flights with blends of biojet fuel from used cooking oil, jatropha,
camelina and algae.

®

Example of biofuels potential GHG savings

Indicative mean values*

Camelina

Jatropha

Rapeseed

Microalgaes

Miscanthus B Well to Tank

M Tank to wake
Short rotation forestry
% reduction / conv. kerosene

Switchgrass

Conventional kerosene

'] 10 20 30 40 50 60 70 80 90
GHG emission gCO2eq/Mifuel Source: SWAFEA

* with no land use change ®——® Variation range (depending on cultivation conditions)
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Sustainable alternative fuels

* Overall impact of a fuel on the environment accounts:

— direct emissions from using the fuel

astirae) (§

— indirect emissions related to the fuel’s production and transport pathway,
land and water usage for certain types of fuels, especially for biofuels.
e Life Cycle Assessment (LCA) provides quantitative information of

alternative fuels.
Life cycle GHG emissions
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Life Cycle Emissions (Source: IPCC)
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Global market-based measures (MBMs)

In 2013, at the 38th ICAO General Assembly, the ICAO decided to
develop a global MBM scheme for international aviation.

Basket of measures include technologies, operational improvements
and sustainable alternative fuels.

MBMs also include: emissions trading, emission related levies and
emissions offsetting;

The EU Emissions Trading System (EU ETS) is a regional MBM but was
originally designed to address international and domestic emissions
from all flights taking off or landing at an airport located in one of the
European Economic Area (EEA) Member States

ICAO has also requested from Member States to submit their Action
Plans to reduce international aviation CO2 emissions and specific
voluntary measures in order to improve efficiency and contribute to
global environmental goals.
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SHIPPING ENVIRONMENTAL POLICY

* Sea transport is predicted to grow significantly in the coming years in
line with expected future growth in world trade.

e Although maritime transport is a modest contributor to worldwide
CO2 emissions, a global approach for further improvements in energy
efficiency and GHG emission reduction is considered necessary.
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Maritime transport emissions forecast (Source: EC Publication 2013- Climate Change)
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Technology improvement potential

The 10 most effective existing technical and operational
measures to reduce CO, emissions from shipping

Relative CO, / Take-up

savings per tonne CO, | 2007 2011

Speed reduction 17-34% - 280 €/t 0% 50% g
Egogﬁggeer & rueider 3-4% - 150 €t 0% 0% g, .
Hull coating 2-5% - 280 €/t 0% 50% ;‘L ‘6%
\Waste heat recovery 2-6% + 60 €/t 0% 0% é g
Sphrnisation of trim 1-3% - 200 €t 0%  50% § 5
Propeller polishing 1-3% - 280 €/t /5% /5% .é %
» B
Hull cleaning 1-5% - 200 €/t 750 75% -é ‘;:‘3
Main engine tuning 1-3% - 250 €/t 75% 75% %D %
Autopilot upgrade 1-1.5% - 280 €/t 75% 75% E ;
\Weather routing 1-4% - 280 €/t 75% 75%
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Technology improvement potential

* Although not all solutions can be applied to all types of ships, the potential
to reduce fuel consumption can reach up to 55%.

* This is exceptional compared to the saving potential in other transport
modes or economic sectors.

* Take-up of available cost-efficient technologies and operational solutions
remains lower than expected due to market barriers which include:

— lack of reliable information — ship owners and operators may not be

aware of the potential of more fuel efficient and factors influencing fuel
consumption

— split incentives — The incentive for the ship owner to invest is limited
unless the charter rate fully reflects the ship’s efficiency

— difficulty gaining access to finance —difficult to attract financing for
energy-efficient solutions in the absence of trusted data on economic
benefits of low-carbon technologies.
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IMO Environmental Policy

 Measures to improve energy efficiency adopted in Annex VI of the
Convention on the Prevention of Pollution from Ships (MARPOL)

* The Regulations for energy efficiency of ships apply to
internationally trading ships of 400 gross tonnage and above, and
make mandatory the following:

1. Energy Efficiency Design Index (EEDI) for new ships

The EEDI is performance-based mechanism with a choice of technologies to
use in a specific ship design. Ship designers and builders are free to use the
most cost-efficient solutions for the ship.

2. Ship Energy Efficiency Management Plan (SEEMP) for all ships

All ships of 400 gross tonnage and above are required to implement and
maintain a SEEMP which establishes a mechanism for operators to improve the
energy efficiency. This is achieved by monitoring the energy efficiency
performance and new technologies and practices to improve energy efficiency.
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IMO Environmental Policy

* In 2014, MEPC 67 further developed guidelines to support the
uniform implementation of the regulations on energy-
efficiency for ships with actions:

— adopted the 2014 Guidelines on survey and certification of the EEDI,

— adopted amendments to the 2013 Interim Guidelines for determining
minimum propulsion power to maintain the manoeuvrability of ships
in adverse conditions

— established a correspondence group to review the status of
technological developments of the EEDI regulatory framework that
starts on 1 January 2020.

— agreed to develop a data collection system for ships and general
description of the data collection system for fuel consumption of
ships, including its core elements as follows: data collection by ships,
flag State functions in relation to data collection and establishment of
a centralized database by the Organization.
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Alternative fuels for Shipping

Alternative fuels reduce greenhouse gas emissions and air pollution
requirements. Global merchant fleet currently consumes 330 mil. tons
of fuel annually, 80-85 % is residual fuel with high sulphur content.

Alternative fuels can be used either in combination with conventional
oil-based marine fuels, or completely replace conventional fuels.

In the long term, short sea shipping is expected to take advantage of
locally produced fuels such as biogas, biodiesel, methanol, shore side
electricity and hydrogen.

Deep sea shipping needs globally available fuels and so will tend
towards LNG and biodiesel, when it becomes available.

Life Cycle Assessment (LCA) of marine fuels allows for comparison
between various pathways along the energy value chain, and
therefore for the assessment of the potential impact compared to
marine diesel fuels.

EEinS2015 - International Conference “ENVIRONMENT & ENERGY in SHIPS 2015”



=N
g 0o

LEE Hellenic Chapter

£

“@ EU’s strategy for reducing global
shipping emissions

* European Union has a strong preference for a global approach to
reduce GHG emissions from international shipping led by IMO.

* InJune 2013 EU set out a strategy for progressively integrating
maritime emissions into the EU's policy for reducing its domestic

GHG emissions.
* The strategy consists of three consecutive steps:

1. Monitoring, reporting and verification of CO2 emissions from large ships
using EU ports

2. Greenhouse gas reduction targets for the maritime transport sector

3. Further measures, including MBMs, in the medium to long term.
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shipping emissions

* The Commission proposes a MRV system for shipping emissions
to contribute to building an international system:

— Ship owners would have to monitor and report the verified amount of CO,
emitted by their large ships on voyages to, from and between EU ports.

— Owners would also be required to provide certain other information, such
as data to determine the ships' energy efficiency.

* According to EU, the MRV system is expected to cut CO,
emissions from the journeys covered by up to 2% compared with
a 'business as usual' situation, according to the Commission's
impact assessment.

* The system would reduce net costs to owners by up to €1.2 billion
per year in 2030.
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COMPARISON TABLE

Comparative table developed to compare and summarize position in global economy,
regulating framework, environmental impact on climate change and mitigation measures
taken for both sectors :

Sector Characteristics

Contribution to Global Economy

AVIATION

Core channel for Long Haul Transportation

E (3 Billion Passengers per year)
8 |Annual Forecasted Growth Rate 4-6%
,,,8_, International Organization ICAO
Member States 191
Environmental Committee CAEP : Committee on Aviation Environmental Protection
g Contribgtion to CIima.te Fhange with Total 2,10%
g Worldwide GHG Emmissions
'g % over Total Transport Activity 11%
E Actions for Climate Yes
Dedicated Annex to Environmental Protection ICAO/Annex 16 for Noise & Air Quality Protection
0 Technology Improvement Measures Yes
§ Operational Improvement Measures Yes
g Use of Alternative Fuels Under R&D Phase/ Impleme.nt.ation to selected Flights and since
= 2011 from 21 airlines all over the world
'% Market Based Measures Global measures Under Development
:‘qu Carbon Offset Regional Implementation
2 EU Emmisions Trading System (ETS) Yes, included since 2009
,§ En Route Management System Airspace managed by Civil Aviation Authorities (CAAs) worldwide
& [Port Management System Landing, Taxing, Take-Off are managed by CAAs

Core for International Trade (90% of Global Trade)
3-5%
IMO
170

MEPC: Maritime Environmental Protection Committee
2,30%
12%
Yes
MARPOL/Annex 6 for Air Quality Protection

Yes

Yes

Under R&D Phase/ Implementation in short distance sea shipping

Under Discussion
\[o]
Under Discussion , MRV system is schedulled for 2018

International Sea Areas are not managed or regulated, except
Territorial Water with specific proximity distance to coast

Reduce Speed Zone, Tugging, At Berth are managed by Port Authorities

EEinS2015 - International Conference “ENVIRONMENT & ENERGY in SHIPS 2015”



J

(

£\
FT‘E - ASHRAE ;
== Hellenic Chapter

()

CONCLUSION

International aviation and shipping sector has been core to trade, leisure,
commerce sectors and global economy for thousands of years.

Accounting environmental impact both sectors account together about 6% of
GHG emissions, rapidly rising.
Aviation and Shipping must change, adopt mitigation measures and

contribute with technical measures, operational measures and alternative
fuels to meet the climate challenges.

Aviation: ICAO key activities include the development and facilitation of
mitigation measures to reduce CO, emissions from international aviation,
such as: aircraft technology improvements, operational improvements,
sustainable alternative fuels for aviation and global market-based measures.

Shipping: IMO has developed and adopted a framework of technical and
operational measures, which serve as performance standard for increased
energy efficiency in international shipping, like the Energy Efficiency Design
Index for new ships and Ship Energy Efficiency Management Plan for all ships.
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CONCLUSION

It is obvious that climate change mitigation is a global
commons problem that requires international cooperation
across scales.

Sustainable biofuels and MBMs seem to be one of the most
promising solutions for both sectors to meet aspirational
carbon emissions reduction goals.

Reducing energy demand through efficiency enhancements
and behavioral changes are a key solution for mitigation
implementation strategy, so both Aviation and Shipping
should efficiently work towards that direction with Global
action and measures.
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Thank you for your attention!

Georgia Lykou,

Head of Air Quality Office, Environmental Section,
Hellenic Civil Aviation Authority

email : glykou@gmail.com
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