M%G

Slow steaming: A short term effective solution
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The doomsday clock

Every year since 1947, the Bulleting of Atomic scientists, a-non profit organization consisting of scientists and scholars
including 15 Nobel laureates, decides whether the events of the previous year pushed humanity closer to or further
from destruction and set the so-called “doomsday clock™.

“Humanity now faces two simultaneous existential threats, either of which would be cause for extreme concern and
immediate attention. These major threats nuclear weapons and climate change were exacerbated this past year by
the increased use of information warfare to undermine democracy around the world, amplifying risk from these and
other threats and putting the future of civilization in extraordinary danger.”

1953 1991 2018 2019
The U.S. tests its first The Cold War ends, Fears grow worldwide Lack of progress on
hydrogen bomb in U.S. and Russia reduce about a U.S. = North nuclear risks and the
November 1952. nuclear arsenals. Korean conflict. dangers of climate
change.

Source: Bulletin of Atomic Scientists
MG e n



Climate change

The "doomsday clock” concept might bring to memory
Cold War stories or the famous Stanley Kubrick satirical
film Dr Strangelove: or how | learned to stop worrying
and love the bomb.

Human-induced climate change is here and is
escalating fast (but not all scientists agree)

The graph shared by NASA depicting the carbon
dioxide levels in the atmosphere over the last 800,000
years is rather disturbing.

For millennia, atmospheric carbon dioxide had never been above this line

<— current level

<— 1950 level




Climate change and the
shipping community

Shipping is considered as one of the major
contributors to the stability of the world economy

59 years ago, two famous aeronautical engineers,
Gabrielliand Von Karman, studied the efficiency of
different tfransport modes and produced the famous
Gabrielli-Von Karman graph.

It was proven that marine transport is the most efficient
means of transport.

Specific Power, Dimensionless Ratio
(Max. Motor Output Power to Gross Vehicle Weight x Max. Speed)

However, the shipping industry stakeholders should
participate drastically in the fight for a greener future.

1
12.24) [22.4) [224) [672)

Maximum Vehicle Speed (meters per second) or [miles per hour]
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Climate change and the
shipping community

SOx Emissions

IMO has set a global limit for sulphur in fuel oil to be used
on board ships of 0.50% m/m (mass by mass) from 1
January 2020 onwards.

The IMO 2020 Sulphur Cap will affect both new and
existing ships, refineries and bunker suppliers.

Operators have the following four - widely discussed -
options for sailing in global waters from the 1st of January
2020 and on:

e Operate on MGO.

« Operate on 0.5% low sulphur fuel oils (VLSHFO-
produced by blending or refining).

« Operate a dual fuel engine on LNG.

« Continue operation on high sulphur fuels and install an
exhaust gas scrubber.

» Use alternative fuels such as biofuels, hydrogen etc.
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Climate change and the
shipping community

NOXx Emissions : ’ -

Vessels constructed (keel laid) on or after the 1st of January K 7 . T "
2016 have to comply with the Tier Ill emission limits in NECAS. T — . = .

Currently the only NECA area is the North America-Caribbean.
Not a recto-active requirement.

Vessels constructed (keel laid) on or after the 1st of January
2021 have to comply with the Tier lll emission limits in the
Northern Europe / Baltic Sea NECA as well.

Future NECAS (Japan, China and the Mediterranean are being
discussed)
Options to comply:

» Selective catalytic Reduction system (High-pressure or low
pressure)

» Exhaust gas recirculation

» Use gas as fuel (problematic if not fully approved by the
USCQG)

« Water emulsion. 5
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Climate change and the shipping community
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Greenhouse Gas (GHG) Emissions

* IMO strategy on Reduction of GHG Emissions from Ships

* MEPC.304(72) adopted during MEPC72 (April 2018):
« Toreduce carbon intensity (gr of CO2 per cargo carried) by at least 40% by 2030.
« Toreduce carbon intensity (gr of CO2 per cargo carried) by at least 70% by 2050.

e« Toreduce the annual GHG emissions from international shipping by at least 50% by 2050
compared to 2008. A reduction has already been achieved due to lower service speed taking
place due to a lower freight market.

Short-term measures to be agreed by the MEPC before 2023.
Mid-term measures to be agreed between 2023 and 2030.

Long-term measures to be agreed after 2030.
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Climate change and the shipping community
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Greenhouse Gas (GHG) Emissions
Discussion in the IMO for candidate short term measures with direct impact on GHG emissions

» Further strengthening of the Energy Efficiency Design Index (EEDI)

* Improvement of SEEMP (Ship Energy Efficiency Management Plan)

» Develop technical and operational efficiency standards for new and existing ships.
» Establishment of an existing fleet improvement program

e Speed regulation

« Development of national or regional action plans (political).

*  Measures to address emissions of methane (methane slip) and to address emissions of Volatile Organic

Compounds.
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Energy Efficiency Design Index (EEDI)

» EEDIis the ratio of the ship’s CO2 emissions divided by the product of the ship’s
deadweight and speed as measured in trial conditions at 75% of installed power
and at scantling draft.

P#sfcxCf .
EEDI= DS—C gCO2/ton*mile Impact to environment

WTxv
EEDI =

Where: P= Power in kw, sfc = specific fuel consumption in g/kWh, Cf = Non-dimensional conversion Benefit for society
factor between fuel consumption and CO2 emission, DWT = deadweight at scantling draft in tons,
v =ship’s speed in nautical miles per hour

« The EEDI s verified by the Class Society during the sea trials of the new built vessel.

. . . . . - . CO; Emission
» The EEDI gave incentive to shipbuilders, designers, for more efficient ships. EEDI =

Transport Work
* Reduction of EEDI can be achieved by the reduction of service speed, since the

effect of power is greater than the effect of speed.

e Reduction of EEDI can be achieved by increase in deadweight, however there
are physical limitations.

« The EEDI has sparked controversy in the shipbuilding community.
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EEDI Evolution

LIBERTY SHIP DFDE LNG SHIP CRUDE OIL TANKER

(1945) (2013) (2005)
EEDI= 24.45 EEDI= 5.93 EEDI= 2.53
g CO2/ton-mile g CO2/ton-mile g CO2/ton-mile

| |
TITANIC STEAM LNG SHIP MEGI LNG SHIP (2018)
1909
EEI(DI 55)41 - CEDI 5.6
0 EEDI= 12.18 g CO2/ton-mile
g CO2/ton-mile g CO2/ton-mile . CRUDE(;%l:.J)ANKER
\ B Required EEDI (Phase 1)= 6.019
il e gCO2/tin-mile EEDI= 2.14
P Already 60% of the required EEDI g CO2/ton-mile
— = Required
EEDI (Phase 1) =
2.26 gCO2/ton-
mile
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EEDI Evolution

Increase of EEDI Based

Vessel Year of Built EEDI on “Titanic”

Titanic 1909 55.41 -

US Liberty 1945 24.45 56%
Steam LNG SHIP HN 2228 2005 12.18 78%
DFDE LNG SHIP HN2458 2013 5.93 89%
MEGI LNG SHIP HN 2458 2018 3.56 4%
CRUDE OIL TANKER HN 5262 2005 2.53 95%
CRUDE OIL TANKER HN 5442 2018 2.14 96%
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Mandatory speed limits

Ship design perspective

Resistance of ships in calm water depends on:
« Frictional resistance (wetted surface areq)

«  Wave making resistance
(energy loss caused by waves created by the vessel's bow)

 Airresistance

One of the most fundamental principles of ship design was described by

William Froude in the 1860's.

“A longer ship will create less wave-making resistance (bow wave) than a shorter
ship at the same speed.”

The wave making resistance of the ship is described by the Froude Number.

Fn= V/\(g*L) where V=speed, g=9.81 m/sA2 , L=length

If we double the length of the ship, we can increase the ship’'s speed by 40% and
still have the same wave-making resistance.

As a rule of thumb, by doubling the carrying capacity of a ship the wetted surface
area is increased by 60%.

According to Froude's principle the economic speed of a large ship is higher than
that for a small ship of the same type.
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Sigmund Freud: the father of psychanalysis

William Froude: the father of ship model testing



Mandatory speed limits

What is good

° No additional investment, least possible effort.
° Immediate effect.

° Short-term freight rate increase.
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Mandatory speed limits

What is not so good

Q Ship type and size specific speed limits is a fair approach
but could be an administrative nightmare.

Q In the long-run, additional ships will have to be built to
sustain ton-mile throughput at lower speeds. This will
eventually lead to increase in GHG emissions.

Q Reduced incentive for optimized — energy efficient designs.

e Unfair advantage for old, inefficient fonnage compared to
new and energy efficient ships.

Q Increased fransit fimes and in-fransit inventory costs. Might
lead to market distortion.

MYG
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Alternative Fuels: a long-term solution?

Maijor R&D investment and effort is required. Novel propulsion technologies will have to be explored.
Reduction in Greenhouse emissions (%)
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ALTERNATIVE FUELS

Still to be agreed based on the methane GWP (25 or 83)

LNG Otto (100 years cycle)
LNG Oftto (20 years cycle)

M@G MARAN GAS
MARITIME INC.,



Alternative Fuels: a long-term solution?

Maijor R&D investment and effort is required. Novel propulsion technologies will have to be explored

Energy Volume CO2 CO2
Alternative . Density Comparison (kg CO2/ (kg CO2/kWh)
Fuel Benefits Challenges (MJ/1t) HFO kWh) Reduction
compared to HFO
* Does not meet GHG targets for 2030 or 2050 alone, but must be
* Multiple marine engine combined with other technologies.
LNG technologies available * Limited bunkering infrastructure and regulations.
» Cleanest-burning fossil fuel * Relatively high CAPEX.
. ) currently available at scale * Methane slip in some engines (Otto cycle). This may result in a
N(L|quef|ed » Reduces NOx, eliminates moderate decrease of GHGS (100 years) or even to an increase 2l g A0e! 2%
atural Gas) :
most Sox and particulate (20 years).
» OPEX benefits due to * Low temperature, boil-off, flammability and related safety
“cleaner combustion” considerations. Bunkering procedures require crew training /
expertise.
* Marine engine technology is * Limited bunkering infrastructure, although existing network of
PG available Ik.)PGk’rerminoIs and carriers could be reconfigured to supply
unkers.
. ) * Easier storage and handling than LNG. 24.88 1.62 0.2353 15.6%
(Liquefied

* Low temperature, boil-off, flammability and related safety

Petroleum Gas . ;
) considerations.

* Available worldwide * Energy intensive production.
* Currently commercially * Limited experience in shipping with operating methanol-fueled
produced from natural gas, but  marine engines.
can be also produced from * Methanolis corrosive which will require redesign of some engine
Methanol renewable sources such as parts, use of additives or specialty coatings. 15.7 2.54 0.2486 11%
biomass which is a GHG-neutral * Lack of regulatory guidance.
process » Several hazards associated with storage and transport (acutely

toxic, corrosive, flammable, and heavier than air meaning leaks
would tend to accumulate in bilges or low sections of a space).
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Alternative Fuels: a long-term solution?

Alternative . Density Comparison (kg CO2/ (kg CO2/kWh)
Fuel Benefits Challenges (MJ/It) HFO Reduction
compared to HFO
*  While combustion of ammonia offers considerable reductions in
GHG emissions, production of ammonia can produce significant
« Ammonia is carbon-free  Seon O ] ] .
and, when synthesized from Selective catalytic reduction sysfem§ (§CR) or equivalent measures
renewable power sources would be needed to manage NOXx emissions. ' '
its production can also be,cl .h'AT .’rhe moment, ammonia as fuel is not economically feasible for
shipping.
Ammonid ?%23?62?25:28%;9 for i O:nf[rosfrucTure exists for the fertilization industry, but not the marine 157 055 100%
ammonia as a fuel has INCUSTTY. e . .
been widely used on land, * Major onboord.mod|flcohons wquld be.requwed for.use on ships.
although development for When’ used for internal combush‘on engines ammonia produces '
marine engines is in early water, nl’rrogep, unburned ammonia and NOx. Managing combustion
stages by products will be a key environmental challenge.
* Toxic and corrosive, flammable in vapor phase.
* Must be stored at low temperature or under pressure with boil-off
considered.
* Potential fo reduce available farmland earmarked for normal food
production.
* May not be cleaner than distillate fuels in tferms of NOx, SOx and
particulate matters.
*  Minimal experience and data. Up to 100%
Biofuels * Carbon-neutral energy * Biofuels tend to oxidize and degrade in storage, producing in some ?

cases highly corrosive hydrogen sulphide. They are susceptible to
microbial growth.

* Fuel lubricity, conductivity and corrosion are problematic.

* High acidity causing increased wear on engine components.

* High cost.
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Alternative Fuels: a long-term solution?

Energy Volume CO2 CO2
Alternative . Density Comparison (kg CO2/ (kg CO2 /. kWh)
Fuel Benefits Challenges (MJ/1t) HFO kWh) Reduction
compared to HFO
Hydrogen production is very energy intensive, expensive
. and not available at scale
Cleanest marine fuel currently . o . .
; . Low efficiency in internal combustion engines
available in terms of NOx, Sox and . -
Particulate matter Hydrogen is s’rorgd as a compressed gas or I|qU|d.c|nd
Hydrogen advancements in storage technology are key to its 9.2 4.33 0 100%
When produced by renewable -
. greater adoption
energy, it has almost zero GHG . . .
oS Itis prone to leaking due to small molecular size, and
emissions ; -
leakage in enclosed spaces can quickly cause
asphyxiation. It is also flammable.
Allows for continued use of available * The challenge in the marine environment is the handling Up to 100%
Carbon Cant carbon-based fuels and storage of any captured CO2 which would require
arbon L-apiure either significant space (if CO2 is stored in vapor form) or
significant power (if CO2 is liquefied).
Carbon-neutral Manufacturing process is expensive and labour-intensive. Up to 100%
svnthetic Fuel Modifications required to existing Have been used by the German army during WW .
ynietic ruels vessel equipment and systems for
using them would be minimal
Renewable energy Limited applicability in areas with insufficient sunshine.
Technology is available, although so Adverse environmental conditions such as humidity,
far mainly applied on yachts / sailing  shading, corrosion (including from salt deposits on panels)
Solar vessels with only very few are issues. Up to 100%

commercial applications

Space requirements and weight.
Storage of the energy (batteries) willincrease the cost.
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Alternative Fuels: a long-term solution?

Energy Volume CO2 CO2
Alternative . Density Comparison (kg CO2/ (kg CO2/kWh)
Fuel Benefits Challenges (MJ/H) HFO kWh) Reduction

compared to HFO

* High capital costs.
* High weight (though generally lighter than comparable battery systems).
* Complex support and confrol systems.

* Have been * Toxic exposure, asphyxiation and explosion risks from fuels.
Fuel Celis successfully * Bunkering infrastructure needs to be developed. Up to 100%
deployed on naval ¢ Significant storage capacity for hydrogen and methanol.
submarines * Fuel input needs to be renewable to maximize emissions savings.
* Lack of regulations.
* Fast advancing technology. Hyundai are now selling in the US a fuel cells
car.
*  Applications of * High capital cost. Up to 100%
technology already « Weight and space requirements.
exist on short-range * New technology for distributing direct current may need to be infroduced
vessels to the electric propulsion system to integrate the battery with any
Batteries * High efficiency of renewable energy and help the prime mover operate efficiently. This may
electric propulsion require a complete redesign of some equipment.
systems * When power and battery recharging are supplied at port, shore side
* Available class / infrastructure may need to be upgraded.
regulatory * Fast advancing technology. Production of batteries is not environmentally
guidance friendly.
* Performance dependent on external factors such as the force and the Up to 100%

direction of the wind.

Require high maintenance, and availability of components for repair may

be anissue.

* Operational considerations (such as air draft or the need to secure systems
in storms) should be considered.

* The flattner rotors can work for a wide range of wind directions. Average
contribution to propulsion power +/- 10%.

* Renewable energy i
Wind Power  * Available
technology

M%G

- )



Green ships of the future

LNG-fueled bulk carrier with shaft generator, solar panels and batteries (under development)

ULTRAMAX 2030
62k & 64k dwt bulk carrier complying with IMO 2030 requirements; EEDI -46% and

ultra-low emissions in port

A CONCEPT DESIGN BY OSHIMA, WARTSILA AND DNV GL
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Green ships of the future: the price to pay
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Conclusions: what needs to be done

0 O O O

(]

Holistic approach for long-lasting, sustainable and safe solutions (reduction in NOX increases CO2, SOX
scrubbers do the same, EEDI - reduced design speed and maneuverability - shafting problems).
Technical matters should be addressed and treated in a serious technical and a-non political way.

The Greek shipping indusiry can have a big impact and steer regulatory bodies.

The increase in CAPEX will be the sine qua non of green ships and green legislation.

Green legislation will act as a “filter” for obsolete tonnage and ship operators who are not willing to invest
and upgrade their fleet.

Much higher ship construction costs will call for new ways to finance the ships.

The cost of building and operating new ships should be shared with other stakeholders.

We may see a comeback of “state owned” or “oil major owned” fleets.
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HOT FROM THE PRESS !!!

LATEST JOBS Freight Trader

CMB chief executive Alexander Saverys (left) with
Tsuneishi Facilities & Craft president Jun Kambara Photo

Jean-Francois Segretain, Bureau Veritas technology
director. argues LNG fuel is the only proven future fuel in
shipping today Photo: Bureau Veritas

CMB ramps up investment in hydrogen- '

fuelling projects LNG as a fuel not a 'dead-end’ option

Belgian shipowner unveils raft of projects in quest for zero-emissions des pite slow uptake

Classification society Bureau Veritas says fuel is the only established
solution to future regulation
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HOT FROM THE PRESS !!!

Busan envisions hydrogen R&D center

An integrated R&D center for hydrogen’s marine application will appear in Busan by 2023.

Officials from the Ministry of Trade, Industry and Energy (MOTIE) and Busan Metrepolitan
City met at Busan on September 6 to discuss the establishment of hydrogen R&D platform.
At the meeting presented representatives of Korean Big 3 yards, multiple public research
institutes, researchers from Pusan National University (PNU), shipping companies and
Hyundai Motor Company, which is pursuing leadership in hydrogen vehicle.

The project coordinator and PNU's head of Hydrogen Vessel Development Center, professor
Lee Je-myeong said that the center will have three focus research areas: storage and
distribution through cryogenic tech; hydrogen fuel cell and ESS; and electric propulsion for
marine use.

It is said that in 2023 when each area bears respective result, Korea would be able to lead
the standardization of future hydrogen shipbuilding by creating and testing actual in-field
records with hydrogen fuel cell ships.

The center will take 5,000m3 of plot in Uam dock offshore cluster.

Writing by Jimin Jeong
jimin@asiasis.com
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THANK YOU




HOW DO FEEL ABOUT THE INTERNATIONAL
SITUATION?
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HOW DO YOU SEE THE FUTURE OF THE
SHIPPING INDUSTRY?
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HOW DO YOU FEEL AFTER ATTENDING THE
10™ HYDRA SHIPPING CONFERENCE?
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