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Background and Necessity

@ IMO’s Adoption of Initial Strategy to Reduce Greenhouse Gas )

According to the Third IMO GHG Study 2014 by the International Maritime Organization (IMO), the
international shipping emitted 796 million tons of carbon dioxide in 2012, and it accounted for
2.2% of the total carbon dioxide emissions worldwide. Although the carbon dioxide emissions
by international shipping is not included in the national emission statistics and reduction
regulations, it is larger than the total emissions by Germany (755 million tons, 2012), the
world's sixth-largest carbon dioxide emitting country. Moreover, interest in greenhouse gas
(GHG) reduction has increased worldwide since the conclusion of the Paris Agreement
in 2015, and the international community is urging the international marine industry to
reduce carbon dioxide emissions to prevent global warming.

The regulations related to GHG include the Energy Efficiency Design Index (EEDI) and
the Ship Energy Efficiency Management Plan (SEEMP). The SEEMP has no regulation
for actual implementation and, the EEDI is a performance indicator of new ships and
thus has a limitation of directly regulating the emissions of GHG, which is emitted
during actual ship operation.

According to the “Regulation (EU) 2015/757 on the monitoring, reporting, and
verification of carbon dioxide emissions from maritime transport” that went
into force on July 1, 2015, the EU obligates vessels with a total gross tonnage
of 5,000 tons or more to report information on carbon dioxide emission,
navigation time and distances, and cargo transport volume when they touch
at EU ports. Its purpose is to determine GHG emissions from international
shipping in order to strengthen GHG regulation in the future.

Moreover, IMO adopted the resolution MEPC.278 (70), which mandated
a ship fuel data collection system to record and report the vessel’s
fuel consumption at its 70th MEPC Meeting in October 2016. As
such, a vessel with a total gross tonnage of 5,000 tons or more in
international marine navigation must report its fuel consumption
annually, and it is expected that total carbon dioxide emissions
from internationally navigating vessels can be determined from
the data.
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IMO’s Roadmap to Reduce GHG (2016 - 2023)

» October 2016 (MEPC 70)
Adopted the “Data collection system” and approved the “Roadmap”

» April 2018.04 (MEPC 72)
Adoption of the Initial IMO Strategy
(Short-, mid-, and long-term further measures with possible timelines)

» January 2019
Start of Phase 1: Data collection

» Spring 2019 (MEPC 74)
Initiation of the 4th IMO GHG Study (Using the data for 2012 - 2018)

» Summer 2020
Data for 2019 to be reported to IMO

» Autumn 2020 (MEPC 76)
Start of Phase 2: Data analysis (no later than Autumn 2020)
& Publication of the 4th IMO GHG Study

» Spring 2021 (MEPC 77)
Beginning of the revision of the Initial IMO Strategy based on
the collected data & Reporting of the 2019 data summary

» Summer 2021
Data for 2020 to be reported to IMO

» Spring 2022 (MEPC 78)
Phase 3: Decision and report of the 2020 data
summary

» Summer 2022
Data for 2021 to be reported to IMO

» Spring 2023 (MEPC 80)
Adoption of the revised IMO Strategy

(Short-, mid-, and long-term further measures,
as required, with implementation schedules)
& Reporting of the 2021 data summary



IMO adopted the initial strategy for GHG emission reduction from vessels at the 72nd MEPC meeting held
in April 2018. The members agreed to the following for the emission reduction target and schedule.

e Carbon intensity of the ship to decline through implementation of further phases of the energy
efficiency design index (EEDI) for new ships
Review intended to strengthen the design requirements for energy efficiency by determining the
suitable improvement rate in each stage for each ship type

e Carbon intensity of international shipping to decline
Efforts to reduce carbon dioxide emissions per average transport work of international shipping by
40% by 2030 and 70% by 2050 compared to 2008

¢ GHG emissions from international shipping to peak and decline
To reach the peak of GHG emissions from international shipping as soon as possible and reduce
annual emissions by 50% or more by 2050 compared to 2008

The initial strategy includes the candidate short-term, mid-term, and long-term measures to achieve the
above GHG reduction targets, and they will be finalized when the final strategy is adopted in 2023. The
long-term measures (2030 - 2050) for GHG emission reduction include “To seek the development and
supply of zero-carbon or non-fossil fuel,” which implies that the change of ship fuel is essential in the long
term.

C‘% Need for Alternative Ship FueD

The IMO members have implemented technical measures such as enlargement of ship size and increasing

efficiency through the hull form design and propulsion system to meet the EEDI regulation, which is
enforced to reduce GHG emissions from ships. Such technical implementations are likely to continue
since the EEDI regulation is expected to continue to be strengthened in the future. However, the expected
amount of further GHG emission reduction is not high since many technical implementations have already
been applied. Another GHG reduction method is operational measures. Since the fuel consumption of a
ship rapidly increases as the speed of the ship increases, the slow steaming is one of the most effective
ways of reducing carbon dioxide emissions. The shipping industry has already been reducing the operation
speed to save fuel consumption, and the effectiveness of low-speed operation has sufficiently been
proved. Maersk Line reduced the engine load by about 10% and realized the 10 - 30% reduction of fuel
cost and carbon dioxide emissions[1]. However, lowering the speed of a ship reduces the transport volume
of the ship, and the shipping company may be forced to add ships to transport freights in time, leading to
the additional investment cost. Moreover, prolonged low-speed operation below the minimum engine load
of a ship can adversely affect the engine. Since there is a limit to lowering the engine load, the complete
decarbonization is not feasible.



[Short-term, Mid-term, and Long-term Measures for IMO’s Initial Strategy to Reduce GHG]
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Further improvement of the existing energy efficiency framework with a focus on EEDI and SEEMP, taking into
account the outcome of the review of EEDI regulations;

Develop technical and operational energy efficiency measures for both new and existing ships, including
consideration of indicators in line with the three-step approach that can be utilized to indicate and enhance
the energy efficiency performance of shipping, e.g. Annual Efficiency Ratio (AER), Energy Efficiency per Service
Hour (EESH), Individual Ship Performance Indicator (ISPI), Fuel Oil Reduction Strategy (FORS);

Establishment of an Existing Fleet Improvement Programme;

Consider and analyse the use of speed optimization and speed reduction as a measure, taking into account
safety issues, distance travelled, distortion of the market or to trade and that such measure does not impact on
shipping's capability to serve remote geographic areas;

Consider and analyse measures to address emissions of methane and further enhance measures to address
emissions of Volatile Organic Compounds;

Encourage the development and update of national action plans to develop policies and strategies to address
GHG emissions from international shipping in accordance with guidelines to be developed by the Organization,
taking into account the need to avoid regional or unilateral measures;

Continue and enhance technical cooperation and capacity-building activities under the ITCP;

Consider and analyse measures to encourage port developments and activities globally to facilitate reduction
of GHG emissions from shipping, including provision of ship and shore-side/on-shore power supply from
renewable sources, infrastructure to support supply of alternative low-carbon and zero-carbon fuels, and to
further optimize the logistic chain and its planning, including ports;

Initiate research and development activities addressing marine propulsion, alternative low-carbon and zero-
carbon fuels, and innovative technologies to further enhance the energy efficiency of ships and establish
an International Maritime Research Board to coordinate and oversee these R&D efforts; To promote IMO’s
continuous efforts to reduce atmosphere pollutants

Incentives for first movers to develop and take up new technologies;

Develop robust lifecycle GHG/carbon intensity guidelines for all types of fuels, in order to prepare for an
implementation programme for effective uptake of alternative low-carbon and zero-carbon fuels;

Actively promote the work of the Organization to the international community, in particular, to highlight that the
Organization, since the 1990's, has developed and adopted technical and operational measures that have
consistently provided a reduction of air emissions from ships, and that measures could support the Sustainable
Development Goals, including SDG 13 on Climate Change; and

Undertake additional GHG emission studies and consider other studies to inform policy decisions, including the
updating of Marginal Abatement Cost Curves and alternative low-carbon and zero-carbon fuels.
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Implementation programme for the effective uptake of alternative low-carbon and zero-carbon fuels, including
update of national actions plans to specifically consider such fuels;

Operational energy efficiency measures for both new and existing ships including indicators in line with three-
step approach that can be utilized to indicate and enhance the energy efficiency performance of ships;
New/innovative emission reduction mechanism(s), possibly including Market-based Measures (MBMs), to
incentivize GHG emission reduction;

Further continue and enhance technical cooperation and capacity-building activities such as under the ITCP; and
Development of a feedback mechanism to enable lessons learned on implementation of measures to be
collated and shared through a possible information exchange on best practice.

(2030 — 2050)

Pursue the development and provision of zero-carbon or fossil-free fuels to enable the shipping sector to assess
and consider decarbonization in the second half of the century; and
Encourage and facilitate the general adoption of other possible new/innovative emission reduction mechanism(s)
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The last method of reducing carbon emissions from ships is to use alternative fuels that emit less carbon
dioxide. LNG fuel, in particular, has gained attention as the next-generation clean fuel for the ship since it
can meet the sulfur regulation in 2020 and reduce fine dust and carbon dioxide. Although only LNG carriers
used the boil-off gas (BOG) generated internally as the fuel in the past, more ships that are not LNG carriers
are also using LNG as fuel for its eco-friendliness. Moreover, LNG has abundant reserves worldwide, such
as shale gas produced in the United States, and it can be supplied stably as a marine fuel like existing fossil
fuels. Although there is currently a shortage of LNG bunkering infrastructure facilities to supply fuel to ships,
more facilities are being constructed. However, since LNG is a fossil fuel that emits carbon dioxide, it has
limitation to achieve full decarbonization (can reduce about 20% of GHG). Therefore, despite the technical
and operational measures, it is essential to replace fossil fuel to carbon-neutral fuel to achieve complete
decarbonization in shipping in the long term.

A carbon-neutral fuel refers to the fuel that emits zero carbon during the fuel production and consumption
processes. The leading carbon-neutral fuels include biodiesel, bio-gas (methane), hydrogen, methanol, and
ammonia. The carbon dioxide emissions by biofuels are O from the fuel lifecycle viewpoint since the biomass
used for fuel production, i.e., plants, absorbed carbon dioxide. It is possible to produce hydrogen, methanal,
and ammonia using renewable energy sources and carbon dioxide extracted from the atmosphere. When
using natural gas to produce them, the emission of carbon dioxide can be prevented by capturing carbon.
The carbon dioxide emissions by such carbon-neutral fuels are entirely determined by the fuel production
process, not by ship operations. It is possible to produce carbon-neutral fuels with power generated from
renewable energy, such as solar energy and wind energy, which is increasing worldwide. Therefore, it is
essential to use the carbon-neutral fuels to decarbonize maritime industry in the long term.

Unlike existing fossil fuels (HFO, MDO, and MGO), there is a wide range of carbon-neutral fuels, as shown
in Figure 1, and the characteristics of each fuel are quite different. As such, it is necessary to compare the
characteristics of the fuel types. Therefore, this document intends to review ammonia by 1) quantitatively
and qualitatively analyzing its characteristics as fuel, 2) summarizing and outlining the related technology
and trend, and 3) reviewing the potentiality of its becoming a ship fuel.

Biodiesel Biogas Methanol Hydrogen Ammonia
e Fase of storage e Possible to use e \/olumetric density e |igquefaction at e Fase of storage
and transport existing LNG of 50% or lower -252.8°C (Energy and transport
e Possible to use infrastructure as compared to consumption 1) e Ease of mass
existing ships methane is the conventional fuel e Energy loss during production (Haber-
e Food security main component e Storage at ambient the storage and Bosch process)
issue e Usable by LNG- temperature and transport process e Excellent economic
driven ships pressure e BOG generation efficiency compared
e Fuel procurement e Possible to use to other carbon-
issue existing facilities neutral fuels
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[Figure 1] Leading Carbon-Neutral Ship Fuels
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*Source
Reduction Method €0, Reduction Remarks
— 1
‘ Vessel size + + 18.9% ‘
 Hull shape oo 157% |
: ) ) |
‘ Lightweight materials e 5.7% ‘ The efficiency of ships has been increasing using
. . o .y o these methods until now. However, there is a
Hull design ‘ Alr luprication T T 57% ‘ limit to further reducing the potential because the

‘ Resistance reduction devices  ¢--¢  5.6% ‘ technology is already mature.

‘ Ballast water reduction + + 8.6% ‘

' Hull coating oo 16%

‘ Hybrid power & propulsion + + 55% ‘

Power & ‘ Power system & machinery + + 5.5% ‘
Propulsion ‘ Power efficiency devices + + 54% ‘ There is a limit to CO, reduction.
system ‘ Waste heat recovery + + 8.4% ‘

‘ On board power demand + + 1.0% ‘

‘ LNG + + 20.4% ‘ The methane slip can partially offset the GHG
reduction, and there is a limit to CO, reduction since
itis a fossil fuel.

. | [
‘ Biofuels i .‘ -+ There is a risk of supply instability due to food security.
‘ Ammonia +- 0-100% ... The amount of reduction is high, and the technical
The amount | barrier to applying it to ships is low.
Alternative -
fuels ‘ Methanol + o of reductllon - It requires excessive energy for fuel production.
.| is determined o

‘ Hydrogen oo by the - The amount of reduction is high, and the fuel can
y be produced from renewable energy. However, the
process technical barrier to applying it to ships is very high

of fuel (storage temperate and low energy density).

‘ Battery -:- production ... 1ts use is limited due to the low energy densty of the
battery.

: |
‘ Wind power oo 12.7% ‘ it can be applied only to some ship types, and it is
Alternative ‘ Solar power + + 3.8% ‘ difficult to source stable energy.
energy ‘ Fuel cells + + 6.7% ‘ It is not yet mature technically or commercially.
sources

‘ Cald ironing (Shore-to-Ship power) + + 51% ‘ The amount of reduction is not high since the power
is available only when the ship is berth.

‘ Speed optimization ++ 19.7% ‘

‘ Capacity utiization oo 239% ‘ Although the methods are considered as the important

Operation — } } reduction means since they are currently feasible, they

‘ Voyage optimization oo 7.2% ‘ alone cannot meet the reduction target.

‘ Other operational measures ++ 3.6% ‘

[Figure 2] Reducing Carbon Dioxide Emission from Ships
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