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Energy transition.. from the past to present

“Sail” to “steam power” after huge success in rail transport
Energy source for

. “Steam propulsion” to “internal combustion engine” due to
shipping sector:

operational simplicity, robustness and fuel economy of diesel engines
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What are the RIGHT choices for the future?

Global trend

Generation of fuels

Application

onboard ships -—r

.
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Bunkering
infrastructure
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Alternative fuel value chain for ships ]

Technology Readiness Level

Generation of fuels

Feedstock & production
technologies, current supply and
demand, competing use by other

sector, surplus for shipping sector )
P PPing Transportation

Properties of fuels, form of the
fuel to be transported, bunkering
infrastructure requirement and
safety
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Onboard application

Energy converts, fuel storage, ease
of operation, technical and safety
issues, manpower, cost and
emissions (onboard and LCA)
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‘Many types of altemnative fuels... How can we categorise them?
CARBON CYCLE
_—CO0~_

=

//

/

photosynthesis

Fossil-based
alternative fuels

e Containing less carbons

Biomass-based
alternative fuels

e Containing biogenic carbons

ocean uptake

animal
respiration

decaying . - mineral
organisms carbon Re n ewa b | e

deac

waste prodBBE — oot (non-bio) energy  Such as electricity and hydrogen
e from wind and solar energy

fossils and fossil fuels
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Value chain
Primary source

Production

technologies involved and technolog

Transportation

readiness
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Application onboard
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LNG and bio-LNG

Dual-fuel engine, fuel gas supply system and
storage on board vessels (TRL 9)

Natural gas reserves ~180 trillion m3
(R/P ratio 60-80 year)

HFO

100%
80%
60%
40%
20%

0%

Requirement of a global network of
infrastructure for its application
worldwide
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Bio-LNG

Produced from organic waste and
wastewater via landfill degradation
or anaerobic digestion

Able to leverage on LNG infrastructure
Used as a drop-in fuel with LNG

Presence as bioenergy providing further
emission reduction

Potential for bio-methane production
worldwide ~1,000 million m3

Requirement of sufficient production of bio-
methane and value chain development to support
its application
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Blending mandates and targets for biodiesel for automotive use

It is compatible with marine distillate and applicable
with existing ships/ existing bunkering infrastructure
(TRL 9).

Able to support industry only partially due to its
insufficient supply. The utilisation of biodiesel blends
can be considered.

Country/ Blend target | Year
region

World 1% 2016
USA 5% 2018
EU 3%-4% 2020
Australia 50% 2050
Germany 10% 2025
Netherlands | 1% 2015
Israel 20% 2025
Indonesia 20 2016
Nordig 3%-4% 2020
countries

Source: Yilmaz and Atmanli (2017)

Blending targets for biofuels for aviation

Requirement of fuel specification standardisation (properties of biodiesel produced

from different sources are different).
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Methanol and bio-methanol

@ Requirement of dual-fuel engine or engine modification/ bunkering
CcoO, - infrastructure (TRL 9).

from power plant

Presence as current commodity / existing distribution infrastructure

Overall environmental performance on emission reduction

s st s Able to support industry partially === Demand Production

Landfill gas (~7_8% of energy demand)_ Total capacity ~ Operating rate

bio-methane .

( ) Low energy density (15.8 MJ/L) 160 — 100

90 ¥

2 120 - - 80 O
2 , 70 €
S 80 60 £

Biomass £ 50 3

Wooden biomass, 40 gg S

energy crops

Fossil fuels Ou 20

: 08091011121314 151617 18 23
Oil, natural gas and coal

Source: Adopted from IGP Energy (2014),Methanol data.
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How about “hydrogen™?

Fossil
fuels
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©

Ideal fuel
®

Genuinely clean
Generation of
Water as by-
product from

energy converter

-

Fuel Cell
0

The
application of
H, requires
fuel cell with
electric motor
(TRL6).

H, Carrier
°

H, can be
stored in
several forms.
(still low
energy density
compared to
other fuels)

Lightest and
smallest
element

Wide
flammability
range
Invisible flame
during the
daylight hours
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Worldwide
0

Establishment of
H, production

Establishment of
the value chain
and a global
network of
infrastructure for
its application
worldwide

Feasible for the whole industry to adopt as a major
measure for “zero emission”.




Energy content... any changes to the current practice?

Energy content -> Tank Size, Range

Energy Density
(MJ/L fuel)
50
Magnesium Polystyrene Lithium Borohydride
| ° ] e
ron HFO
s ¢
) Fat MGO
7i Wetabolism Wiy - st 9nd d . L
L T Biodiesel 15t, 2nd and 3 generation biodiesel
Polyester @Gasoline
®
Kerosene
30
Sugar Metabolism .Elmano\.LPGEmane
&) e @EBS @ LPG Propane
= @Glucose @Ethanal )
© Lithium ® LNG, Bio-LNG .
g 20 Hydrazins @ @Bituminous Complex-metal -hydride-Hydrogen
= [ ]
o )
> Sudium. Methanol,: Bio/Renewable-methanol
_ _ Netural Gas (250 bars) Liquefied Hydrogen (brown, rene\gable)
10 Liguefied Ammania [

B7inc-Air Battery Hydrogen gas (7.00 bars)
Hydrogen gas

b Lithium lon Battery NatUE\ Gas

60 80 100 120 140

Specific Energy (MJ/kg fuel)

0 20 40

Gravimetric
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160

Energy Density (MJ/L)
Diesel @
30 | Petrol @
C:a\
Metal
20 |- hygi Moggano Propane
Hydrides of (lqui)
o llght elements
Weod Liquid hydrogen
10 A S33KWnkg
O U Laporoaan tank
0 Compresseq Hy (700 bar) | | | =
0 10 20 30 40
Specific Energy (MJ/kg) 4 tank
of ligtud H
2.4 tanks of qu\z
methanol
1.6 tanks and ,
1 tank of of ammonia
FO LNG
and
biodiesel
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Safet B Fire hazard (flashpoint)
y- = B Health hazard

[] Reactivity

[ ] Special hazard

Hydrogen flame Propane flame

80 75.0%
70

60

50

40

30

20

% gas-to-air volume ratio

10.0%
0.3 NA Hydrogen and Propane Flames in Daylight

10

I
Hydrogen  Methanol LNG Diesel Biodiesel Source: Hydrogen Tool (2017), Hydrogen Compared with Other
Fuels, https://h2tools.org/bestpractices/hydrogen-compared-

Flammability Range other-fuels, accessed in July 2018.
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GHG Emission....

Note:
1. H, with fuel cell, other fuels with internal combustion engines

GHG Emission 2. AD=Anaerobic digestion, UCO=Used cooking oil, Elect=Electrolysis of water

CO,e/kWh engine output
(9C0; gine output) B well-to-Tank [ Tank-to-Propeller [} Well-to-Propeller (LCA)
1,200 . -

Alternative fossil-based fuel _ _
1,100 Biofuels Non-bio
1,000 | Containing Biogenic Carbon Renewable H,
Biogenic CO, emissions = emissions related to fast-domain carbon
900 cycle.
800 | The CO, emissions released from the combustion of biogenic carbon
are not considered to contribute to climate change .
700 | No emission on board
for H, with FC
600 | P I ..... L
500
-50%

400 | l

300 -95%

200

100

0
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Cost of energy converter and shipboard storage

Energy converter cost (USD/KW) 4 to 6 x of Internal Combustion Engine
4,000 Fuel cell —/
— .
5 500 6 Storage tank cost (USD/kWh) 9 x of fuel oll
1.4
3,000 o o o Cryogenic
1.2 — Liquid —1
2,500
1.0
2,000
Intgrnal . 0.8
1,500  — combustion —
engine i 06 -
1,000 ° . o ® R — Liquid ———
500 e o 0o 0.2 .
0 oo mmm
< O O <O (O :
_\\r\oﬁ\f\oﬁo\'\cﬁ’/ O «\Cﬁ’d\\g 0\,? \\\C‘)g 8«? \O\\\ a
\}e\ 6\6 8 \‘S{&(\ W &0(}8 ?08 8\\'{\@“ \ 6‘09 ?\)ed
< %\0 @\0 \e\\; @ Y\‘l.l %\O

(Source: ® Horvath, ef al_, 2018; @ Dolan and Andersson, 2016; ® Ellis and Tanneberger, 2015; ® Wartsila, 2018;
® \Wei, et al_, 2017; ® Schoots, et al., 2010)
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Cost of fuels
Fuel cost (USD/kWh) = Cost of fuel (USD/tonne) x SFOC (g/kwWh)

Conventional Fuel Oil
HFO

N = DO
— MGO
= ULSFO

0.50

L L L BN
- ~~

0.45

0.40

\
Bio / Renew X
Feedstock ! o
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Japan
m— China

(7)) Malaysia
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= B100
B20

Methanol
Rotterdam

S A 4 China

Ammonia

Western Europe
Middle East
USA

4/1/2009
7/20/2009
0/16/2009
1/19/2010

4/2/2010
7/12/2010
10/4/2010
1/24/2011

4/1/2011
7/14/2011
9/30/2011
1/13/2012
3/30/2012
7/13/2012
9/28/2012
1/10/2013
3/29/2013
7/12/2013
10/4/2013

1/1/2014

4/1/2014

711114
10/1/2014

1/1/2015

4/1/2015

7/1/2015
10/1/2015

1/1/2016

4/1/2016

7/1/2016

1/1/2017

4/1/2017

7/1/2017
10/1/2017

1/1/2018

4/1/2018

7/1/2018
10/1/2018

©
o
o
N
~
-
=~
S
—
y

—
Source: Historical price of fuels obtained from www.afdc.energy.gov/data/, and Methanex Monthly Average Regional Posted Contract Price History
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Potential scenarios

SCENARIO 1

No specific dominance:
The moderate evolution of
technologies

In 2030: Conventional fuels (LSFO
and distillates) and LNG (fossil)

In 2050: Conventional fuels (LSFO
and distillates), LNG (fossil-based),
biodiesel and H,

The adoption of alternative fuels
will result in 543 million tonnes
CO, emission in 2050.

. Conventional fuels . LNG

Hydrogen (renewable)

Biofuels (biodiesel, bio-LNG, bio-methanol)
Note: Based on RCP 2.6 SSP 4 (~1,500 million tonnes in 2050), T&O (reduction of ~200 million tonnes),

2050's target:<450 million tonnes

SCENARIO 2 Biofuel
dominance:

Strong evolution of biofuel
technologies

In 2030: Conventional fuels (LSFO
and distillates), LNG (fossil and bio
(70%:30%) and biodiesel

In 2050: Conventional fuels (LSFO
and distillates), LNG (fossil and bio
(50%:50%) and biodiesel

The adoption of alternative fuels
will result in 503 million tonnes CO,
emission in 2050.

SCENARIO 3 Hydrogen
dominance:

Strong evolution of
hydrogen technologies

In 2030: Conventional fuels (LSFO
and distillates) and LNG (fossil)

In 2050: Conventional fuels (LSFO
and distillates), LNG (fossil) and
hydrogen

The adoption of alternative fuels
will result in 390 million tonnes CO,
emission in 2050.
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S Uﬁl Cle nt S u p p y I n 20507 |:| Yes |:| Yes, if asignificant expansion of production capacity is realised.
[] Yes, but requireren. [] No “million tonnes
TYPE Conventional Fossil-based Biomass-based Non-bio
renewable
LSFO/MGO LNG Methanol Bio-LNG Bio-methanol Biodiesel Biodiesel Renewable
15 & 2" gen 3 gen Hydrogen
Production/ Technical 4,671 3,195 Refer to Crude 900 >900 Vegetablg oil Technical Able to
potentia| g|oba||y for all oil and natural :180 ml“IOh | potentiall ~ prpduce >1,260
industries (million tonnes/year) gas fOﬂﬂeS, mamgl 3,780 million million tonnes
or food (<20% | tonnes of H,)
for biodiesel biodiesel
production).
_ Demand* 57 92 - - - 162 11
> Adequacy Meeting 50.6 | Meeting 52.6 - - - Not sufficient ~5% of ~1% of
E years of years of based on : technlgal technical
s global global vegetable oil potential potential
demand demand production
« Demand* 55 68 - 68 - 147 -
z Adequacy Same as Same as - ~1% of technical - Not sufficient |<5% of technical -
E Pathway 1 Pathway 1 potential based on potential
& vegetable oil
production
- Demand* 55 42 - - - - - 80
z Adequacy Same as Same as - = = = - <7% of
E Pathway 1 Pathway 1 technical
L potential

e
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