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The Winner is...

The one who governs the rules and
regulations with technical
backgrounds. T

Mules vs. Lions




IMO MARPOL

* IMO MEPC (Marine Environment Protection Committee)

* MARPOL: international convention for the prevention of MARine POLlution from Ships
» Combination of MARPOL convention in 1973 and MARPOL protocol in 1978

# Has Annexes regulating different harmful substance pollutant

» In 1997, Annex VI (Prevention of Air Pollution) was added and applied from 2005

» Regulation for NOx, S0x, VOCs, ozone depleting substances

2 In 2011, Annex VI was modified to include CO2 regulations, applied from 2015
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IMO GHG strategy

- IMO MEPC 80t adopted IMO GHG" strategy (July 2023)

Outline of ambitions and minimum indicative checkpoints in the revised IMO GHG strategy
Units: GHG emissions (DNV, Maritime forecast to 2050)

Bl Emission pathway
in line with IMO's
revised GHG strategy

Bl Emission pathway
Peak as soon _ in line with IMO's
as possible | 2018 GHG strategy

. Tatal: [ EU§IH?55-EE-UEUE|
20% reduction eMmissions

Intensity: Emission gap

A0% reduction

- Fuel:
5% energy share

MNet-rero
GHG emissions

70% reduction

by 2050
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*GHG: Greenhous Gases



2023 IMO GHG strategy, what will be changed?

* Three decisions having big techno-economic impact in the future

o GHG intensity should be considered
° WtW intensity should be considered
° The interim guidance of biofuels




Key features

_ Before 2023 2023 IMO GHG strategy

Goal GHG emission 50% reduction by 2050 Net-zero by or around 2050
Net-zero by 2100
Target substance Estimation of CO2 emissions Estimation of GHG emissions
Target process TtW (Tank-to-Wake) emissions WtW (Well-to-Wake)
(in combustion stage) (from production to combustion)
Certification The interim guidance on the use of
of bio-fuels biofuels was approved.

Biofuels must provide a WtW GHG

emissions reduction of at least 65%,
compared to the WtW GHG emissions
of fossil fuel of 94 gcgze,/MJ.




1) From CO, to GHG

* CO2 only > GHGs

» Previous regulation is based on the CO2 emissions only, but from now CO, equivalent GHG emissions
should be considered. (g.,,/MJ)

» For a ship engine, CH, and N,0 will be considered. (g.4;.,/MJ)

* Other GHGs such as HFC or PFC is not produced naturally from combustion.

* GWP

»» Relative effectiveness in
causing global warming

IPCC 4% report  IPCC 5™ report  IPCC 6" report  Used value in REDII

comparing to COI. (AR4, 2007) (AR5, 2014) (ARG, 2022) /FuelEUMaritime
t
a, | [x(t)]dt 1 1 1 1
GWP(x) = xf’rl o1
a rit)|dt :
rl, 55 28 34 29.8 (fossil) o5

27.2 (non-fossil)

x: target material
r: reference (CO,)
a: radiative efficiency

298 265, 298 273 298




1) From CO, to GHG

* LNG engines may show different GHG intensity, when the methane slip is

considered.
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1) From CO, to GHG

B
* Ammonia engine may emit GHGs A ' N
»» Research reported that NOx and N,O can be Evolution of N,O production at lean

combustion condition in NHy/H»/air

generated from the combustion of NH; P S ——

+ N,O GWP: 265-298

»» To lower the N,O emissions, more pilot fuel may be required.

» Some institution mentioned that the percentage of pilot fuel would be 10-20%,
which is higher than LNG engines.

» Or additional gas treatment may be required.



2) From TtW to Wtw

 Current indices (EEDI, EEXI, CII...) evaluate TtW stage only

2> Defined as CO, emissions per transport work (g.o,/t-nm)

2 GHG emission.s during production and transportation stage are not considered
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2) From TtW to Wtw

* Material-based classification =2 Process-based classification

» “What fuel is used” - “How it is made”
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3) Bio-fuel criteria

* Biomass
» Biomass refers to organic matter that can produce energy.
2»» Plants absorbing CO, by photosynthesis, or animals/microorganisms eating plants.

»» Wood, charcoal, seaweed, wasted oil, food waste, excretions...

* Bio-fuel
»» All kinds of fuels produced from a biomass
« Ex) bio-diesel, bio-ethanol
> Bio-fuel emits carbon dioxide, but its carbon intensity can be reduced.
* When firewood 1s burned, CO; 1s generated (+a), but the wood is made from trees, that grow by absorbing CO,(-£) from
the atmosphere. Therefore, overall CO, emissions are reduced to (a — ).
* In MEPC 80, “interim guidance on the use of biofuels” is approved.

»» Biofuels must provide WtW GHG intensity reduction of 65% compared to the reference WtW intensity of
fossil fuel (94 gcgyoq/MJ). (NOt exceeding 32.9 g,/ MJ)

»» For a biofuel not fulfilling the WtW intensity criterion, a conversion factor of equivalent fossil fuel type is

assigned.
11




3) Bio-fuel criteria

Vegetable oils - Renewable diesel
it abes ol Hydroprocessing (HVO/HEFA)

Waste fat, oil & grease sh e Bio-diesel
ot comlbing o1, Al 4 Transesterification (FAME)

Tmage by Tovngsub Lim, NACE, 55U

MeOH synthesis Bio-methanol

Synthesis gas
S - Pyrolysis
Lignocellulosic Gacification

Agricuttural & wood residues

Renewable diesel

Hydrolysis (FT/BtL diesel)

Bio-oil Hydroprocessing

Fermentation Bio-ethanol

- : Anaesrobic : .
Bio-wastes Gas Separation Bio-methane

Sugar/starch crops

Sugar cane, sugar beet..,

MSW, sewage, manure... digestion




The burning scar: Inside the destruction
of Asia’s last rainforests

Controversies
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* Controversies about edible material use

» In 2000, the price of edible biomasses (soybean, corn...) was
rapidly increased, because of the promotion policy of bio-fuels®

2 A poorly designed bio-fuel policy could worsen the world
famine problems.

[ direct land use change

« Controversies about LUC, (Land Use Change) 200 i AR _ —
2 Currently palm oil is widely used as raw matenal for bio-diesel. 180 = | g -
* Palm oil is an edible vegetable oil produced from the fruit of 160 E::&ﬁ% % B
the oil palms, widely used in food industries (ramen, snack, 140 diesel: 862 g/ ﬁ =
and palm oil..) - g _ g _
* Good production volume per unit cultivation area. -

z
8
* Land use changes (LUC), such as artificial deforestation to =
expand farmland, may actually result in a decrease in the E
amount of carbon dioxide absorbed by natural photosynthesis. 3

* There has been a claim that GHG generation from LUC should
be included in a bio-fuel.

wheat com sugarcane  rapeseed  soy bean palm ail
Ethanol from FAME from
Source: based on IFEU / Okol2008), updated with data from Olkol20106)

13
https://palmdoneright com/a-complete-guide-for-palm-oil-plantation/ mn, 2023



3) Bio-fuel criteria

* MEPCS8O0, interim guidance on 140

B w/o ILUC IMwith ILUC

=
P
=

the use of biofuels requires 65%

5
= "E 100 IMO fossil fuel reference (94gcpp.0/MJ)
reduction. e
8 so
» Many biofuels from edible/oil crops = I
. : _ L 60 )
cannot satisfy the IMO interim 4 _
IE P i Eu-:;;fuel tha':les.hclrul!d
guidance on the use of biofuels (< TREM N NEE  E— e T e
(C] : gy F
32.9 gCO2eq/MJ) g 28 — N
. . O
)) B]D-fUElS pdeUCEd frDm non-ed]ble Sugar Corn Other Wheat Crop Oil Crop Waste Animal
. . b real raw ookin fats
resource will be required. = S o 5
.- Bio-ethanol Bio-diesel
« Same problem of “How it is made.”
14
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Potential Issue of e-fuel

I
* E-fuel
2> Abbreviation of Electro-fuel

» Afuel replacing petroleum, synthesized from renewable carbon sources and green
hydrogen that produced by electricity from renewable energy

»» When e-fuel is burned, CO, is generated (+a). However if the carbon source was from
atmosphere, overall CO, emissions are reduced to (a-f).

» |f the CO2 is captured from fossil fuel use?

Methanol
synthesis

Wind power

CO; net emissinns}

e-diesel ta—p

15




Renewable CO, and non-renewable CO,

* Renewable CO,

2 CO, captured from biomass or DAC(Direct Air Capture) - When atmospheric CO2
absorption is included, net-zero or net-negative GHG emissions are possible.

* Non-renewable CO,

» CO, captured from fossil fuel use. - GHG emissions reduction is not possible.

*CCUS(Carbon Capture, Utilization, and Storage)

Renewable CO,

Biomass g

L, CO, net emissions
+a—p

Non-renewable CO,

o vt 1

DAC (Direct
Alr Capture) Fuel Synthesis
Biomass Carbon & Use
Conversion Capture
Power
Generation Carbon Fuel Synthesis
Industrial uses Capture & Use

Engines

.

[, CO, net emissions
+a

-

hitps-/ gscaltexmediaib com fisre  sreen- trans formation's- 75 3 2 L S 7| 2o o A 7] -2 3 - M2 ChEheOh
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Potential Issue of e-fuel

* Green hydrogen +non-renewable CO,

»» Even if green hydrogen is used, a fuel synthesized from non-renewable CO, has a

considerable GHG intensity.

2> |t can be used transitionally, but would be

I
-

not proper for the net-zero target in the future.

aq/ MJ)

L
-

»» No specific rule about e-fuel in IMO yet.

P
-

* Ref: FuelEU maritime/REDII

» FuelEU maritime/REDII defined that RFNBO
(Renewable Fuel of Non-Biological Origin) should
provide WtW GHG intensity reduction of 70%,
compared to the reference WtW intensity of fossil fuel.

WItW GHG intensity (2.4
=

-

E-methanol WtW GHG intensity
from Green Hydrogen

Estimated threshold of
70% reduction line
(FuelEU maritime)

CO2 from Flue gas from Flue gas from CO2 captured
biogas biomass plant geothermal from coal
process energy plant power plant

*IREMA & Methanol institute



Conclusion

* The fuel for the future is a complex problem, and there are no
simple solutions.

* We need to prepare for the new world.
» 1) GHG emissions other than CO, should be considered.
» 2) WtW GHG emissions should be considered.

2> 3) Bio-fuels or e-fuels produced from fossil fuels may not be the solution.
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