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LATSCO

» Entered LPG trade in 1981

» Currently Operating Fleet of 11 LPGs
» 9VLGCs (80,000-90,000 mM3)

» 2 LGCs (60,000 m3), NH, trade

LATSCO MARINE MANAGEMENT INC.
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NH, - CHEMICAL GAS

SATURATED VAPOR PRESSURE

(Kg/cm?absolute) - LOG SCALE
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Pressure vs temperature —Various Liquefied Gases
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AMMONIA - KEY CHARASTERISTICS

* Ammonia can be carried under moderate pressure or fully refrigerated at - 33°C

 Itis highly soluble in water, corrosive and alkaline

* The density is ~ 0.68 (temperature dependent)

* 1Volume of NH, liquid gives up to 9oo volumes NH, vapor; very high latent heat of vaporization (used as a refrigerant)

* Ammonia is non-Flammable but is highly Toxic; vapor

Characteristics

Toxicity

concentrations above ~ 100ppm are intolerable

* Ammonia is highly corrosive to copper or

copper-based alloys

NH3 vapours:

Inhalation:

Are lighter than air * 5 to 50ppm: odor detection level

May also be *  30ppm: limit for 8h exposure

heavier than air * 100-200ppm (depending on exposure
(aerosols) in case time): Irreversible health effect

of high humidity Sea water: toxic to aquatic life (unionized)

e Ammonia can also cause “Stress Corrosion

Cracking” of steels; precautions to prevent this are listed in the IGC (eg limiting Nickel content of steels, cargo

temperature, pre-load oxygen concentration and adding trace concentrations of water)

* Ammonia reacts with CO, - so combustion-type “inert gas” is never used with this cargo, only Nitrogen

LATSCO MARINE MANAGEMENT INC.
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SAFETY CONSIDERATIONS

Study on accidental ammonia release

Targets (BV):

e Zero ammonia release in normal circumstances

« Safety zones at concentration of PEL (permissible exposure

limit)=30ppm in case of accident

30 ppm 3 0.003% molar concentration:
* Much lower concentrations to be tracked than CHg (see

table)

* Goalto avoid leaks as much as possible, as well as to provide

vapor process systems for NH, onboard in case of a leak

Source: Bureau Veritas

Time (min) 1 3 10 30 60
Lethal effects
threshold (ppm) 25300 14700 8200 4750 3400
Irreversible effects 1500 1000 8E5 - ==
threshold (ppm)
Odour (ppm) 5-50

Source: INERIS (Lethal : presumably 1% fatality excluding sensitive population —
Probit function not provided)

| NH,___ | CH,

Concentrationto ~ 30ppm / 50 000 ppm /

track 0.003% molar 5% molar
Based on Toxicity Flammability
Jet theory or

. Wind and atmospheric  Wind and

Flow driven by 4 :

conditions atmospheric

conditions

LATSCO MARINE MANAGEMENT INC.
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NH3 ANNUAL PRODUCTION OF ~192 MIL. TONS

Third largest seaborne trade in liquefied gases (after LNG & LPG)
* Shipped in large parcels on full ref. vessels

* Feed stock for fertilizer

* Onshore industrial refrigerant

* Production of numerous industrial chemicals (UREA, etc.)

* Production of explosives

* Upcoming projects for use of NH, in the production of clean / cleaner energy

- _______________________________________________________________________________________________________________________________________________________________
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AMMONIA EXPORTS

Ammonia Exporters

Indonesia Canada

g072% 5,27% Algeria

Trinidad and , B

Tobago
17,29%

Russian Federation

20,88%

Saudi Arabia
26,26%

Source: LATSCO Research

USA
2,45%

Netherlands
1,88%
Germany

1,86%
United Kingdom
1,56%

Iran 1,13%
Australia 1,08%
Egypt 0,90%

Source: UN Comtrade, Apr.2022

. Ammonia Exports Volume
Mio mt

25

M Rest M Saudi Arabia M Russian Federation Trinidad and Tobago M Indonesia

20

s
—

10I I IIIIIIII
0 II I

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

v

The three major exporters of ammonia, that account for
the 64% of total exports, are Saudi Arabia (26%),
Russia (21%) and Trinidad and Tobago (17%).

(Source: ICIS)
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AMMONIA PRODUCTION PROPERTIES

Also called brown ammonia, this is the conventional ammonia production process that has been made the same way for
100 years. The Haber-Bosch process, responsible for nearly all of the world’s annual ammonia production, reacts hydrogen
and atmospheric nitrogen. Hydrogen is generated almost exclusively via steam reformation of fossil fuels (methane).

* BLUE

Blue ammonia produces hydrogen via the conventional way from steam reforming (grey ammonia), for which by-product
CO2 has been captured and stored (CCS), reducing climate impact compared with grey ammonia. Many fertilizer makers
have embarked on such projects in recent years. Blue ammonia is controversial and in need of industry standards. Using
COz2 for enhanced oil recovery, for example, isn't as environmentally beneficial as injecting it into the ground
permanently.

* GREEN

Green ammonia is made 100% from renewable and carbon-free processes, with hydrogen that comes from water
electrolysis powered by sustainable energy and nitrogen separated from the air. Ammonia is produced via the Haber-Bosh
process powered as well by sustainable energy. The main challenge is the cost of electricity that accounts for 85% of total
production costs. In most parts of the world renewable energy is more expensive than natural gas. Projects on green
ammonia production abound, though most are on a modest scale of tens of thousands of tons, an order of magnitude
smaller than a typical ammonia plant.

Source: LATSCO Research
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GREEN AMMONIA DEVELOPMENT AS OF TODAY

Timeline | Country Main developers Plant Annual Energy
location capacity (1) source

2021

2022

2024

2025

2026

Mid 2020s

2030

New
Zealand

Denmark

Chile

Saudi Arabia

Norway

Australia

Australia

Ballance-Agri
Nutrients Hiringa
Energy

Halder Topsoe Vestas

ENAEX ENGIE

Air Products ACWA
Power NEOM

Yara International
NEL Hydrogen

Origin Energy

Yara International
ENGIE

Kapuni

Western
Jutland

Mejillones

Red Sea
Coast

Porsgrunn
Tasmania Bell

Bay
Pilbara

5000 Wind
5000 Solar and
wind
18000 Solar
1200000 Solar, wind,
energy
storage
500000 Hydro
electricity
420000 Hydro
electricity
24000 Solar

LATSCO MARINE MANAGEMENT INC.

Ammonia
production cost is
over $650/t for
green ammonia
compare to $100/t
for grey ammonia

Source: ARGUS green
ammonia white paper
2020

Source: NTU Singapore
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AMMONIA MARKET SO FAR

v'About 192 mio mt is produced globally, out of which the proportion shipped by sea is just 10% (c. 16.5 mio
mt). (Source: ICIS)

v’ Ammonia is essentially carried on LPG carriers, most volumes are shipped on LGC's - built to carry only
ammonia-, MGC’s and HGC's — only carriers that are certified to carry ammonia-, plus some small units (180
vessels smaller than 15 cbm). In addition, there are a handful of VLGC’s certified to carry ammonia, although
only one has done so within the last 2 decades, due to constraints on load/discharge facilities as well as storage
limitations.

v'The volumes of LPG shipped is about 117 mio mt and therefore, ammonia is seen as of secondary importance,
since the amount shipped is comparative small, creating no incentive to the ship-owners to carry ammonia
instead of LPG.

v'The anticipated, potential demand for ammonia as a marine fuel, additionally as a source of hydrogen (given
the cost/design constraints of moving hydrogen directly by sea) has created increased attention on the
upscaling of ammonia seaborne transportation. New initiatives have been announced with larger vessel
designs (VLGCs), capable of transporting both LPG and ammonia.

Source: LATSCO Research
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LPG CARRIERS

TYPE A - Requires full

secondary barrier

LPG Fleet

Number
Mio cu.M.

VLGC

>61K

332
27.36

TYPE C - No secondary

barrier required

(1 ()

Longitudinal \‘

Bilobe Tank }

Bulkhead

LGC MGC HGC
50-60.9K 25-49.9K 15-24.9K

21 114 123 944

1.26 4.21 2.56

Source: Clarksons SIN

LATSCO MARINE MANAGEMENT INC.

SGC

< 15K

4.01

Total

1,534
39.40

— ;

[

16,650 m® Semi-pressurised gas carrier with Type C tanks (cylindrical)

F

37,000 m* Fully-refrigerated LPG/NH, carrier with Type A fanks (prismatic)

=

|

PO N A

52,000 m* Fully-refrigerated LPG/NH, carrier with Type A tanks (prismatic)

=
]
TR

82,000 m? Fully-refrigerated LPG/NH, carrier with Type A tanks {prismatic)
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CURRENT REGULATORY FRAMEWORK

Navigating the requlations and approval processes - Statutory framework for ammonia fuel vessels

IMO SOLAS Convention
Gas or other low flashpoint fuel:
* Notinline with SOLAS lI-2/4.2.1.2
* SOLAS lI-1/56 and 57 refers to IGF Code l
Gas carriers: Other Ships:
IGC Code Ch.16 IGF Code > Ammonia is not covered in detail 2>
The use of toxic cargoes as fuel is not allowed Alternative design is required as per section 2.3

Short term: Flag Administration approval for each project

Long term: Need for IMO Rule development or amendment, complemented by Class Rules

SUB-COMMITTEE ON CARRIAGE OF CARGOES AND CONTAINERS — CCC 8 (September 2022):

Amendments to the IGF Code and the development of guidelines for low-flashpoint fuels.

Finalized Interim guidelines for the safety of ships using LPG fuels for approval at MSC 107 in June 2023.

CCC 8 agreed on issues to be considered for the regulatory development of guidelines for the safety of ammonia-
fuelled ships (scheduled to be finalized in 2024).

Work on the interim guidelines will continue in a Correspondence Group are scheduled to be finalized in 2024.
Sources: BV & DNV
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ALTERNATIVE FUELS FOR SHIPPING

Description
co, TtW
reduction

(vs HFO) WitW

GHG(CH,, N,0)

Technology maturity

Infra & production of
fuel for maritime

Bunkering Infra

Source: HHI

Grey Fuel (Reform by fossil fuel)

[\

o
~ 25%
~ 17%

Need of Methane
slip reduction

Already have lots of
references

Available

Available

Zero CO,

Worse than LNG

Need of N2O
reduction

Need to develop
engine & LFSS

Need to develop

Need to develop

LATSCO MARINE MANAGEMENT INC.

Green Fuel (Renewable)

Bio-Methanol

Same as each grey fuel

Zero CO,
Carbon neutral
Need of N»O e/Bio Methane: Need of CH,
reduction reduction

Need to develop
engine & LFSS

Already have a few
references

Immature

Partially in production (e.g.
Maersk)

Need to develop
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IMO GHG FUEL STANDARD / FUEL EU MARITIME - LIFE CYCLE ASSESSMENT

1000 1100
) . E-Liquid Hydrogen o
Applied to ships > 5,000 GT by 2025 T——
E-Diesel 9
Ships to meet a max. req. "GHG E-LNG (DF-Diesel) W 12
intensity level” = GFS, get E-Ammonia S8
E-LNG (DF-Otto) 80
GFSiarget reduction rates (MGO's  °/0HC (DFDiesel) FE
GHG intensity tak base i Bio-LNG (DF-Otto) NS
intensity takenasbaseline) . . 0o mmm—
LPG N a7s 6
GFSactuaI = Cozeq. = C02 + Cle + NZO LNG (DF-Diesel) I 204 12
LNG (DF-Otto) |G 4o %0
HFO & Scrubber N 558 10
GFSactval = GFSwell toTank + GF Stank to MGO I 541 9
Wake < GFStarget VLSFO I 558 o [ 1% ]
Methanol (NG) 4% 2% ] —— i
Biodiesel (Raps incl. LUC) I o L.28%

_ Am monia (NG ) | 55 {_40% |
Calculation of CO,eq based on Liquid - Hydrogen (NG) N S, | 6% )
Life Cycle Assessment (LCA) Biodiesel (Palm incl. LU C)  |E————

[ 239% ]—
mWTT TTW CO2 TTW other GHG (CH4 + N20) e CO2eq. change compared to MGO
Source: INTERTANKO WELL-TO-WAKE EMISSIONS IN GRAM CO, EQ. PER kWh — GWP100

- _______________________________________________________________________________________________________________________________________________________________
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NEED TO USE 54% OF CURRENT RENEWABLE ENERGY TO PRODUCE e-
AMMONIA / e-METHANOL FOR SHIPPING

Global Electricity Production, World 2020

30000 TWh

25863 TWh

25000 TWh

~ 20000 TWh
S 15754 TWh
3 15000 TWh
O
a
o 10109 TWh
£ 10000 TWh
S
L

5000 TWh

0 TWh
Global Electricity production Fossil Electricity production Renewable Electricity World Fleet
2020 2020 production 2020 Ammonia/Methanol Fuel

Requirement
Source: INTERTANKO
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ENGINE MANUFACTURERS PROGRESS - DEVELOPMENT MILESTONES

2021 2022 2023 2024 2025
* Pre-study/ Project kick-off Emission Full scale Engine 1% commercial v
* MAN e Lab test (Engine) specification test Eng. test G6o, S6oME-L GIA)
2S
Basic * Rig test * R&D Eng. test v .
* WINGD simulation * R&DEng.test < 1Eng.test X52DF Ammonia
v' H22CDF-LA: ‘24.2Q
. * R&D : (TAT)
HIMSEN . Design Design Proto test v H32DF-LA: 24.2Q
45 (TAT)
* WARTSILA Concept Sales release 1 pilot delivery v° W25 Ammonia

verified
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AMMONIATECHNOLOGY: EMISSION ABATEMENT

Considerations on SCR
O SCR volume is under estimation depending on the different concepts
L Not expected a dedicated N,O catalyst, the N,O emissions expected to be controlled through combustion
 NH,slip minimization is a target of the engine development and expected to be controlled

through combustion

- _______________________________________________________________________________________________________________________________________________________________
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PRELIMINARY FUEL SUPPLY SYSTEM REQUIREMENTS -AMMONIA (2T)

Preliminary design data

Parameter Nominal value/range
Ammonia 85 bar(g)
supply

pressure

Fuel supply 25-45 degC
temperature

Pilot fuel Target <5% of total
amount energy input
(MGO/

LSFO)

NOx control | SCR system for Tier Il

Vapour Line |~

|
|
|
l
|
|
|
|
|
I

—__I____'I

& Z" Bunkering Station

Liquid Line

L/P Fuel Transfer Pumps

LATSCO MARINE MANAGEMENT INC.

Ammonia Fuel Gas Supply System

H/P Fuel Pumps e

NH; Fuel Processing System

Knockout
Drums H
| Machinery
NH; Fuel Return System . Space
FVT odl
(Return) e E
Double i
Walled Piping |
HEURE _7os 0
~' ;' = NT FVT
' (Supply)
Filter Unit ke

Valve

NH; Fuel Supply System |
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POTENTIAL RETROFIT CONSIDERATIONS SIMILARTO LPG

Spaces and zones to accommodate the Type C tanks

ammonia installations * Semi pressurized tanks
* bunkering station * LT Steel required

* ammonia fuel storage tanks * Heavy tanks

* ammonia fuel handling system

* ammonia boil-off management system Holding time *
* ammonia drainage system * NH,;95% filling = 260 days
* ammonia vapor treatment system * NH;10%filling = 55 days

e ammonia vent mast

*Source: Bureau Veritas

- _______________________________________________________________________________________________________________________________________________________________
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ALTERNATIVE FUELS ENERGY DENSITY AND STORAGE CHARACTERISTICS

Fuel type Mass energy | Volumetric Storage Storage Relative tank
density LHV energy density | pressure (bar) | temperature | volume
(MJ/kg) LHV (GJ/m3) (°C) (without

insulation)

Marine Gas Oil 42.8 36.6 1 20 1

LNG 50.0 23.4 1 -162 1.6

Ethanol 26.7 21.1 1 20 1.7

Methanol 19.9 15.8 1 20 2.3

LPG 50.3 26.7 1to0 18 -42 1.4

Ammonia 18.6 12.7 1to 10 -34 2.9

Source: Bureau Veritas
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COMPARISON ON VLCCOF LNG DFVS AMMONIA DF

Ammonia DF

Particulars CONVENTIONAL LNG DF (Ready, under
development)
M/E type 7X82-2.0 or 7G80ME-C10.5 7G80ME-GI 7G80ME-C9.5-Ammonia
Fuel capacity (LFO/MGO) 6,300 / 550 -/ 3,350 -/ 3,300
Fuel capacity e
= e fa 3,400X2 =Y A -/-/9,3U0U X 4
(LNG/Ammonia) =i /-1 /-1
Endurance o
13,200 / 18,100 /- / - 14,900 / - / - / 15,700
(LFO+MGO/LNG/ 37,200/-/-/- / _ /-1 / / /
Ammonia) (31,300 in total) (30,600 in total)
Source: HHI
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AMMONIA AS A FUEL: SWOT KEY POINTS

Strength Weaknesses
+ Emits no CO, or SOx emissions when combusted - Ammonia is corrosive and toxic in addition to its pungent odor
+ Non-flammable gas at normal pressure and  @ndhasalkaline properties
temperature - When combusted produces NOx which needs to be removed
+ Known handling process in place - Almost all ammonia today is produced from either gas or

+ Able to liquefy at a temperature of -33°C coal, contributing to global GHG emissions

- Difficult to transport and store, leveraging existing
infrastructure (in addition there is more than 120 ports around
the world that are accustomed to dealing with ammonia
imports and exports)

- Lower energy density in comparison to other hydrocarbon
fuels and therefore, there are efficiency concerns

- Modifications needed to engines, power generators to use
ammonia

LATSCO MARINE MANAGEMENT INC.
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AMMONIA AS A FUEL: SWOT KEY POINTS

Opportunities

L Besides the continued use for ammonia in
fertilizer products, ammonia can, in addition, be used
as a fuel for power generation, marine transport

L) Almost all ammonia produced today uses fossil
fuels (gas and coal) with significant CO2 emissions.
The need to decarbonize base production offers the
opportunity to produce Blue / Green ammonia
(using renewable energy) for use as low-carbon
fuels and establish a price premium for such products

7 Opportunities remain for companies/ regions (e.qg.
Middle East/ Russia/ US/ Australia) to take the lead in
developing Blue/ Green ammonia economies,
helping reduce the global reliance on fossil fuels

Source: LATSCO Research

Threats

& If the production of green ammonia is not met then vessels
in the hope to use ammonia as fuel will end up using grey
ammonia

&J Net Zero commitments are not followed through with
significant action and project development stalls

&) Biofuels or other carbon neutral synthetic fuels could yet be
preferred options for marine transport

& No large-scale Green (or Blue) ammonia plants exist today
so questions remain on the scalability of Green (or Blue)
ammonia production

& If the cost of CCS and/or renewable electricity does not
come down fast enough there is risks that the Blue/ Green
ammonia economy may take longer to develop or become a
false dawn

LATSCO MARINE MANAGEMENT INC.
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