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INTRODUCTION: LCA ON METHANOL AND AMMONIA
PRODUCTION

m Feedstock scenario Production scenario

Methanol

Ammonia

Renewa ble @0gCO2
1.9700

Local electricity grid mix
0.0525

Heat from NG
0.2300

> Heat in

0.0900
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H2 from Electrolysis (e-)

Biomass based (bio-)

H2 from electrolysis (e-)

H2 from Methane Reforming (grey-/blue-)

Methanolation

Hydrolysis 1.6100

1.9700 I

CO2 caplure
0.3225

o
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Scenarios

3 time horizons (2025,2035,2050)
17 production locations considered.
Transport and bunkering in Rotterdam or Singapore.

Different energy source scenarios (NG, grid or RE
powered).

Fuel Well to Wake scope (gCO2e/MJ), with or
without infrastructure footprint.

Container unit transportation work Well to Wake
scope (gCO2e/TEUkm).

. 4

Key results include:

- Energy flow analyses

- Detailed GHG contribution analysis
- Prospective results

eeeeee

. .; Q/\

Lk LLML W_ oo (ifPasss

T e Tl :r‘ Transports \ nouvelles
‘ ' e E N




I PRESENTATION OUTLINE

2. EMISSIONS SCOPE REGULATIONS & METHODOLOGY
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REGULATIONS GHG METHODOLOGIES & SUSTAINABLE CRITERIAASSESSMENT

Current shipping value chain Tank-to-Wake

BDN

MRV
Maritime

Bunker

Future shipping value chain

Reference fossil: 94gC02e/MJ WTW FuelEU Reference fossil: 91,16gC02e/MJ WTW
RFNBO: >-70% GHG savings Maritime Fuels % GHG savings strenghten every 5 years

Biofuels: >60% GHG savings (-14,5% in 2035 / -80% in 2050)

Well-to-Tank

L

o

=
Ship usage

H = o B2
A

Feedstock extraction/cultivation/
acquisition/ recovery

Feedstock transformation/transportation
and conversion to product fuel

LCA indicators for Renewable electricity is set to CO2 captured allows to offset TtW
sustainability (quanti. or 0 gC0O2e/MJ (RED RENBO DA emissions.
quali.). Yet to be defined. Annexes) Remains the emissions for CO2 capture.
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|
Product fuel transport/ storage/idelivery/
retail storage/ bunkering :

CH4 and N20 emissions
to be considered after
2026

Tank-to-Wake
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https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R1185

REGULATIONS GHG METHODOLOGIES & SUSTAINABLE CRITERIAASSESSMENT

Current shipping value chain :

‘Tank—to—Wa ke‘
S,

BDN Bh

w

Key messages \

* We must now account for measuring GHG emissions from Well to Wake.

mo KB

Maritime

Future shipp

* There are different maturity of regulatory frameworks and associated GHG calculations | ____________

methodologies, as well as GHG intensity reduction targets. .

* We follow the most mature EU methodological framework for Renewable Fuel of Non
Biological Origin (RFNBO) (RED & FuelEU).

* Note: The EU methodogy is currently not accounting for the emissions related to renewable
infrastructures, leading to overoptimistic emissions reduction levels for e-fuels.

Criteria*®

I
Feedstock extraction/cultivation/ Feedstock transformation/transportation Product fuel transport/ storage/idelivery/ Ship usage
acquisition/ recovery and conversion to product fuel retail storage/ bunkering :
________________________________ |
_____________________________________________________________________________________________________ 1
s N 1
LCA indicators for Renewable electricity is set to CO2 captured allows to offset TtW CH4 and N20 emissions
sustainability (quanti. or 0 gC0O2e/MJ (RED RENBO DA emissions. to be considered after

quali.). Yet to be defined. Annexes) Remains the emissions for CO2 capture. 2026 ' u

et .
A oen ( fPEnerg:es
b Transports \ nouvelles
6 © | 2025 IFPEN e Energie N


https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R1185

I PRESENTATION OUTLINE

3. FUEL PRODUCTION SCENARIOS AND ASSESSMENTS
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METHANOL

LCA FUEL PRODUCTION SCENARIOS AND ASSESSMENTS
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E-METHANOL VIA METHANOLATION: WTT SCOPE OF MODELLING

CO, gas QA
MEA on flue gases (Natural gas calciner) &
or - . Captured CO2
MEA on flue gases (Electric calciner) >
or
DAC
CH,OH liquid
H, gas Q 20 bar « areonH.» Methanolation
ater eletro ompression & storage —>
«grey H, »
>

SMR/ATR with MDEA CO2 compression,

« blue H, »

capture on syngas transportation and storage

9

\ Renewable electricity: from Cradle-to-grave or
Operation & maintenance scope

grid mix depending on the scenario
\ Local grid mix electricity

& Local natural gas consumption mix

© | 2025 IFPEN

1 MJ of e-methanol

1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 . .. !
. « Auxiliary » electricity: renewable OR local 1
Y y y | (WTT)
1
X I
1 1
1 1
1 1
1 1
1 1
1 1

Storage at production site

!

Transportation

2025/2035: HFO fueled sea tanker
transportation
2050: Self-fueling vessel transportation

8

Bunkering at retail site

p—

A ¥

Storage at bunkering site
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E-METHANOL VIA NATURAL GAS POWERED CO2 CAPTURE

Energy flow analysis

The methodology proposed
by International
Partnership for Hydrogen
and Fuel Cells in the
Economy (IPHE) includes
scope 1 & 2 emissions for
H2 production. Thus
considered zero for green
H2. This standard is used by
IEA, RED and probably
future IMO guidelines.

GHG analysis

Climate change
Model: Methanol | H2 from electroly
Scenario: Methanol_E_CC_n

FR
ROT

ID
SG

o

Renewable @0gCO2
1.9700

Local electricity grid mix

0.0525

Heat from NG

0.2300

>/Heat

is]2025

0.005

Hydrolysis
1.9700

A 0.3225

CO2capture |

0.01

— Heat out >
e 0.0900
Meth I lation | e-methanol
ethanolation e
1.6100
losses
1.2600

0.015 0.02 0.025 0.03

kgCO2e/MJ

[l H2 production = Electricity for methanolation B Water for methanolation W CO2 capture B Electricity for retail/bunkering in Singapore M Transportation, freight, sea tanker B Electricity for retail/bunkering in Rotterdam— — RFNBO threshol
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E-METHANOL VIA NATURAL GAS POWERED CO2 CAPTURE

Energy flow analysis

The methodology proposed
by International
Partnership for Hydrogen
and Fuel Cells in the
Economy (IPHE) includes
scope 1 & 2 emissions for
H2 production. Thus
considered zero for green
H2. This standard is used by
IEA, RED and probably
future IMO guidelines.

GHG analysis

Climate change

Model: Methanol | H2 from electrolysi

Scenario: Methanol_E_CC_n

FR
ROT
ID
SG
0 0.005
H2 production Electricity for methanolation B Water for methanolation

11 o© | 2025 IFPEN

Renewable @0gCO2
1.9700

Local electricity grid mix

0.0525

Heat from NG

_ Heat out >
-0.0900
Methalblati e-methanol
ethanolation
Hydrolysis 1.6100 1.0000
1.9700
CO2 capture aseEs
03225 1.2600

ﬁey messages

Energy required for carbon capture has significant impact if powered by

natural gas

Auxiliary electricity consumption (e.g., for carbon capture and

methanolation) can significantly contribute to GHG emissions if sourced

from a high-GHG-intensity electricity mix.

In this configuration the production of an RFNBO-compliant fuel is not

guaranteed.

\

CO2 capture M Electricity for retail/bunkering in Singapore M Transportation, freight, sea tanker B Electricity for retail/bunkering in Rotterdam— — RFNBO threshol
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E-METHANOL VIA ELECTRICITY POWERED CO2 CAPTURE

- Heat out >
0.09
Energy flow analysis
I e-methanol
Methanolation 1.00
Hydrolysis 1.61
Renewable @CTG 197 i
2
losses
1.26
CO2 capture
032
> Heat in =
. 0.09
GHG analysis
Climate change
Model: Methanol | H2 from electrolysis | 2025
Scenario: Methanol_E_CC_rnw_CTG
1
FR |
ROT 1
1
1
ID :
SG I
1
0 0.005 0.01 0.015 0.02 0.025
kgCO2e/MJ
Bl Hydrogen buffer storage - stainless steel tank - @108 Electricity for electrolysis B Electrolyzer 1 Balance Of Plant for elecrolyze
1 Deionised water for electrolysis " Electricity for methanolation W Water for methanolation B CO2 capture
W Electricity for retail/lbunkering in Singapore B Transportation, freight, sea tanker W Electricity for retail/bunkering in Rotterdam = = RFNBO threshold

[~ A Yz clHeIyres
< Transports ( l“ nouvelles
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E-METHANOL VIA ELECTRICITY POWERED CO2 CAPTURE

Energy flow analysis

Renewable @CTG
2.25

> Heat in

GHG analysis 0.09

Climate change
Model: Methanol | H2 from electrolysis | 2025
Scenario: Methanol_E_CC_rnw_CTG

Hydrolysis
197

CO2 capture
0.32

- Heat out >
0.09
I e-methanol
Methanolation 1.00
1.61
losses
1.26

FR
ROT

ID
SG

Deionised wat

Key messages

e Electricity powered CC has significantly less GHG impacts than NG, especially using renewables.
e With the cradle-to-grave approach, the renewable electricity has the largest contribution.
* This approach would still enable you to reach RFNBO compliance.

'\

W Electricity for retail/lbunkering in Singapore

13 © | 2025 IFPEN

B Transportation, freight, sea tanker

W Electricity for retail/bunkering in Rotterdam = = RFNBO threshold
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I GHG EMISSIONS OF E-METHANOL WTW WITHOUT T&C, BY
REGION AND CONFIGURATION SCENARIO

140

120

100

8

gCO2e/M]
o

[#)]
o

4

o

Scenarios
B NG & Local Electricity

20
.II
O R
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CN
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B Local Electricity
B Full Renewable
B Full renewable CTG
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140

120

100

80

gCO2e/M]

4

o

15

RENBO
20 I I I I
0 .II I II II-I LI I I II II II II I II
FR CN AU BR CA CL ES Dz MA TN ID IN JP

GHG EMISSIONS OF E-METHANOL WTW WITHOUT T&C, BY
REGION AND CONFIGURATION SCENARIO

/Key messages \

 When heat for carbon capture is mostly supplied by NG, the consumption of auxiliary
processes from local grid electricity in some countries significatively increases the
emissions and RFNBO-compliance is not reached for Indonesia and India.

 When the heat is provided by electricity with local electricity, emissions can be worst
than conventional methanol.

* Using fully renewable configurations, following RED methodology or cradle to grave

(CTG) scope of accounting, the e-methanol reaches RFNBO compliance.

Scenarios
B NG & Local Electricity

Local Electricity

| |
B Full Renewable
B Full renewable CTG

© | 2025 IFPEN
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g to Rotterdam for bunkering)

Iionin

th Transport and Condi

lts for e-methanol produced (w

Ive resu

E-METHANOL SUMMARY PROSPECTIVE RESULTS BY LOCATION

Prospect

2050

2035

2025

FuelEU Maritime 2025

B CO2 capture

0.08

FuelEU Maritime 2035

Electricity for methanolation

B H2 production

Other
B Transport and conditioning to Rotterdam

0.07

0.06
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E-METHANOL SUMMARY PROSPECTIVE RESULTS BY LOCATION

Prospective results for e-methanol produced (with Transport and Conditioning to Rotterdam for bunkering)

2025 2035 2050

0.09 FuelEU Maritime 2025 J 1

ﬁev messages. \ B CO2 capture
0.08

Electricity for methanolation

* Transport and storage significantly impact the carbon footprint, potentially B H2 production
resulting in non-compliance with RFNBO. Proximity of production to Other o
. . . . B Transport and conditioning to Rotterdam
bunkering locations is crucial.

0.07

o8 * By 2050, methanol is assumed to fuel its own transportation, lowering
z greenhouse gas emissions.
w 0.05 [T
= | * Decarbonization of the electricity grid mix and NG supply chain suggests that Rl | | | | |k daclaasiined | |
78"‘"0.04 e-methanol using NG for carbon capture will comply with RFNBO
= K requirements across all locations starting in 2035. /

0.03 rrnBo
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BIO-METHANOL VIA GASIFICATION: WTT SCOPE OF MODELLING

? Farmed Wood CH.OH liauid
Plantation Sawing Seasoning Direct Sl R\
gazification N\
OR Transportation = OR —Pp Storage at production site
ﬁi Waste Wood Black Liquor
| Collection == Chipping/seasoning — Gasification QR 1

Transportation
e 2025/2035: HFO fueled sea tanker
transportation
e 2050: Self-fueling vessel
transportation

{ <

A N\
1 MJ of bio-methanol . I .
e e LR LR (WTT) <+ Bunkering at retail site [« Storage at bunkering site

« Auxiliary » electricity: renewable OR
local grid mix depending on the scenario

% Local grid mix electricity

€Energies

' ] irp,\ f
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BIO-METHANOL VIA DIRECT GASIFICATION OF WASTE WOOD

Energy flow analysis

Losses
1.120
Waste Wood collection Seasoning Chipping Chipped wood ' Direct gazification
2.120 2.121 2.014 1.960 1.960
bio-methanol produced
1.000
Diesel machinery _ I
0.028
GHG analysis
Climate change / \
Scenario: Methanl_BIO_DG.WW Key messages
- - . * Supply chain for waste wood and gasification efficiency losses are the |
soir most important contributors. !
5 * RED compliance is met in all regions reaching (~95% GHG reduction) l
56 \_ !
|
0 0.005 0.01 0.015 0.02 0.025
kgCO2e/MJ

B Waste Wood transportation Gagzification efficiency losses B Electricity for retail/lbunkering in Singapore M Transportation, freight, sea tanker Il Electricity for retail/bunkering in Rotterdam— — RFENBO thresholc

L 1 == Hl‘:;l
'f‘ \ ™ nouveltes
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AMMONIA

LCA FUEL PRODUCTION SCENARIOS AND ASSESSMENTS
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E-AMMONIA WTT SCOPE OF MODELLING

Q& N, gas

8 bar

Air separation (Cryogenic distillation)

Hzgas g\ 20 bar
«green H, »
ater eletro ompression & storage m—>
«grey H, »
>

SMR/ATR with MDEA
capture on syngas

CO2 compression,
transportation and storage

« blue H, »

E E 200 bar, 400°C

1 bar, -33°C

% 1 bar, -33°C

Haber-

Bosch Cooling

#

Legend:

\ Renewable electricity: from Cradle-to-grave or

Operation & maintenance scope

local grid mix depending on the scenario

\ Local grid mix electricity

& Local natural gas consumption mix

21 © | 2025 IFPEN

1
1
1
1
1
1
1
1
1 & « Auxiliary » electricity: renewable OR
1
1
1
1
1
1
1
1
1

1 MJ of e-ammonia

(WTT)

20 bar, -33°C

N\
Storage at production site

NH, gas NH, liquid

1 bar, -33°C

Transportation
* 2025/2035: HFO fueled sea tanker
transportation
* 2050: Self-fueling vessel
transportation

Bunkering at retail site

h

& 20 bar, -33°C

Storage at bunkering site

B L
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E-AMMONIA VIA LOCAL GRID ELECTRICY FOR AUXILIARY PROCESSES

Energy flow analysis

Renewable @0gCO2
1.8840

Haber Bosch NH3 produced  Stored at production site ~ Stored at bunkering site NH3 Bunkered

Hydilysis 12320 1.0282 1.0190 1.0096 1.0000

1.8840 - o — _ B _ —
I / —
2

N Losses
0.9367
0.0090
Local grid mix electricity.|
0.0620

GHG analysis

Climate change
Model: Ammonia | H2 from electrolysis | 2025
Scenario: Ammonia_E_aux_grid

FR
ROT

0 0.005

B H2 production
W Electricity for storage at production site
|

0.01

Dinitrogen monoxide # asTech - Storage slips at buni

B Electricity for bunkering in Singapore

/7 © | 2025 IFPEN

0.015 0.02 0.025 0.03 0.035
kgCO2e/MJ
Electricity for Haber-Bosch B N2 production B Dinitrogen monoxide # asTech - Storage slips atp
Storage slips at production site Transport of ammonia Storage slips at bunkering site
Electricity for storage at bunkering site in Singapore M Bunkering slips B Dinitrogen monoxide # asTech - Bunkering slips
Electricity for storage at bunkering site in Rotterdam B  Electricity for bunkering in Rotterdam — — RFNBO threshold



E-AMMONIA VIA LOCAL GRID ELECTRICY FOR AUXILIARY PROCESSES

Energy flow analysis

Renewable @0gCO2
1.8840

[ | m = m
I Haber Bosch NH3 produced  Stored at production site  Stored at bunkering site
. 1.0282 1.0190 1.0096
Hydrolysis 1.2320
1.8840 | | — u —u
I —
N2 a

0.0090

Local grid mix electricity.|

0.0620

GHG analysis

Climate change
Model: Ammonia | H2 from electrolysis | 2025
Scenario: Ammonia_E_aux_grid

FR
ROT

0 0.005

B H2 production
W Electricity for storage at production site
|

0.01

B Ele

Dinitrogen monoxide # asTech - Storage slips at bun  Elec

B Electricity for bunkering in Singapore
ZS © | 2025 IFPEN

B Electricity for storage at bunkering site in Rotterdam B Electricity for bunkering in Rotterdam

|

NH3 Bunkered
1.0000

Losses
0.9367

Key messages

* Even with green H2 feedstock, the use of a high GHG grid electricity for N2
production and NH3 production (HB) can lead to non-RFNBO compliance

* NH3 storage supply chain is more complex than MeOH and could increase
significantly footprint in high GHG intensity grid regions.

~

/

— — RFNBO threshold



BLUE-AMMONIA VIAH2 FROM SMR+CCS AND LOCAL GRID

MIX FOR AUXILIARY PROCESSES

Energy flow analysis

. NH3 produced Stored at production site Stored at bunkering site NH3 Bunkered
Haber Bosch
Natursl g SMR R oS 193>  1.0282 1.019 1.0096 1
N2 Losses
0.009 — 0.4137

Local grid mix electricity 4

0.07
GHG analysis
Climate change
Model: Ammonia | H2 from Methane Reforming | 2025
Scenario: Ammonia_NG_SMR_MDEA

FR
ROT

ID
SG
0 0.01 0.02 0.03 0.04 0.05 0.06
kgCO2e/MJ

Bl Direct CO2 emissions B CO2 storage and transport 200km pipeline, storage 1000m/208B
B Natural gas supply chain B Electricity for Haber-Bosch |
B Dinitrogen monoxide # asTech - Storage slips at prod B Electricity for storage at production site |
W Transport of ammonia Storage slips at bunkering site

Electricity for storage at bunkering site in Singapore B Bunkering slips |
B Electricity for bunkering in Singapore B Emissions from fuel burning in furnace |
B Plant infrastructure Electricity for storage at bunkering site in Rotterdam O

- — RFNBO threshold

0.07 0.08 0.09

Electricity

N2 production

Storage slips at production site

Dinitrogen monoxide # asTech - Storage slips at bt
Dinitrogen monoxide # asTech - Bunkering slips
Catalysts&adsorbents

Electricity for bunkering in Rotterdam



BLUE-AMMONIA VIAH2 FROM SMR+CCS AND LOCAL GRID
MIX FOR AUXILIARY PROCESSES

Energy flow analysis

. Haber Bosch NH3 produced Stored at production site Stored at bunkering site NH3 Bunkered
Naturiall %aBS SM?"‘:‘;’[QSCCS 1.232 1.0282 1.019 1.0096 1
N2 //J///J Losses
0.009 — \ - 0.4137

Local grid mix electricity 4

0.07
GHG analysis
Climate change
Model: Ammonia | H2 from Methane Reforming | 2025
Scenario: Ammonia_NG_SMR_MDEA

FR
ROT
ID
SG
0 0.01 0.02 0.03
Key message
B Direct CO2 emissions . . . o
B Natural gas supply chain * Blue NH3 via SMR/MDEA CO2 capture is more energy efficient than green
B Dinit ide # asTech - St li 1 . o
S i NH3, yet emits more and does not reach RFNBO compliance because of the
Electricity for st t bunkeri ite in Si . . . .
=t upstream direct CO2 & CH4 emissions from H2 production.
|

Plant infrastructure K j

- — RFNBO threshold




GHG EMISSIONS OF AMMONIA WTW WITHOUT T&C, BY
REGION AND CONFIGURATION SCENARIO

gCO2e/MJ NH3

120 B
U

Green ammonia - auxiliary consumptions with local mix
Green ammonia - auxiliary consumptions with renewables

Green ammonia - electrolysis and auxiliary consumptions with renewables' impacts from CTG

Grey ammonia - SMR
Blue ammonia - SMR with MDEA capture on syngas

FR

100
80
&0
40
RENBO N e e - Lo oo N
20
0lI I Il II lI l
MA

US-TRE
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GHG EMISSIONS OF AMMONIA WTW WITHOUT T&C, BY
REGION AND CONFIGURATION SCENARIO

gCO2e/MJ NH3

ﬁey messages: \
mpacts from CTG

120
Green-NH3:
* Auxiliary electricity consumption (e.g., for HB, N2 prod., refrigeration during storage) can significantly
100 contribute to GHG emissions if sourced from a high-GHG-intensity electricity grid mix.
e Covering the auxiliary consumption - with renewable or cradle to grave
80 (CTG) scope of accounting - enables RFNBO compliance.
Grey-/Blue-NH3:

60 \ * Do not reach RFNBO in any production region

I||||| |I||.I||I| I|||I|n
CN AU BR C CL ES

A DZ

40

0 FR MA TN ID IN JP ZA US-TRE BE AE

€Energies
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GREEN AND BLUE NH3 SUMMARY PROSPECTIVE RESULTS BY LOCATION

Prospective results for green and blue ammonia produced (with Transport and Conditioning to Rotterdam for bunkering)

| I
| I
| I
0.1 : : Electricity for Haber-Bosch
1 I H2 production
FuelEU Maritime 2025 L : N2 production
': : Transport and conditioning to Rotterdam
| I
| I
0.08 iti
S0 I I O O A A BRI 4
| I
| I
| I
- | I
@] 1 1
— I I
= 0.06
= Blue-ammonia SMR Green-ammonia : Blue-ammonia SMR Green-ammonia : Blue-ammonia ATR Green-ammonia
]
8 I I
o I I
2 I I
I I
0.04 I I
I I
I I
RFNEO : :
______________________________ IS N N N R - - - - e e m m m m m i e e PR = . - o e mm e e am m m m E=
I I
I I
0.02 1 I FuelEU Maritime 2050
1 e EEEEEE R =~ 0~ "~~~ T~ T T— T -7
| I
| I
| I
I I
I I
0 ] 0 o< < 1 0 oo ctl < 0 oo P < 1 0 oo q:l a1 U o< < a4 0 o< <
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GREEN AND BLUE NH3 SUMMARY PROSPECTIVE RESULTS BY LOCATION

Prospective results for green and blue ammonia produced (with Transport and Conditioning to Rotterdam for bunkering)

2025 2035 2050
o dev messages. \ W Electricity for Haber-Bosch
« Only green NH3 satisfies regulatory -70% RED Ill emissions reduction threshold e
(<28 gCOZ—eq/MJ) Transport and conditioning to Rotterdam

oos| * Even by 2050 under optimistic scenarios, blue NH3 only satisfies 70% threshold in
6 locations due to large footprints when extracting methane.
* Transport of NH3 to bunkering location has a substantial footprint, showing

I
o] . . . . . .
S o importance of production being near bunkering location. In 2050, fuel is assumed
% k auto consumed for its own transportation, reducing its GHG impacts. /én-a ATR Green-ammonia
™~
8 i i
2 I I
1 1
0.04 1 1
1 1
1 1
EEERRRUNRRRARERNN _____________ JUNRERRRRRRRRRRAR  _ ____________ I R A RS S AN R
|
0.02 | FuelEU Maritime 2050

LS-TRE |

v.mr JIES

— . . Ji
29 Note — For Green-Ammonia, GHG emissions scope shown below: cradle-to-grave (whole scope) while regulatory accounting (FuelEU Maritime) is Well-to-Wake (smaller scope) !\:_':na velles



I PRESENTATION OUTLINE

4. SHIP TRANSPORT ASSESSMENT
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FUEL USE FOR SHIP TRANSPORTATION SCENARIOS
CHANGE OF FUNCTIONAL UNIT CO2EQ / TEU.KM

23,000 TEU u Rotterdam

Busan (South Korea
( ) 24441 Nm trip long DGUIEENR)

Three cases considered ‘

Reference scenario Methanol scenario Ammonia scenario
VLSFO, MDO 13% pilot fuel (VLSO & MDO) 13% pilot fuel (VLSO & MDO)
87% MeOH 87% NH3
-> 102 GWh -> 115 GWh
] [AMELS A 31.18 gCO2eq/TEU.km Results will depend on the GHG intensity of the fuel, thus its production
scenario.

& Note on data:

23,000 TEU Methanol and Ammonia ships do not currently exist. Our ship models rely on the most up-to-date engine model
data, which includes test bed results for methanol engine (currently operational) and maker simulations for ammonia engine.
However, for the sake of baseline comparison, the same engine configuration (size and number) has been selected. This results
in non-optimal configurations for emissions, especially for NH3, where auxiliaries emit significant amounts of particularly N20.

( f €Energies
31 o© | 2025 IFPEN Q\_'?nouveﬂes



COMPARISON OF AMMONIA METHANOL AND VLSFO

Fuel GHG intensity VS Container transportation work GHG intensity summations (1t graph) and scenario
distributions for NH3 (2"d graph) and MeOH (3) - Scenario: 2025

5 ATV i
‘WTW GHG emissions of a typical transportation trip fuelled with conventional, ammenia or methanol | Impact WTW Ammonia
s [mpact WTW Methanol
s [mpact WTW Conventional

193]
L]

Y
=]

Methanol

[¥%)
=]

gCOZeq f TEUKmM
(=]
[a=]

I
I
1
VLSFO (ref.) :
I
1
I

I
RFNBO
[i] 20 40 [s11] BO 100 120

NH3 or Methanol Fuel WTW GHG intensity (gCO2eq/M)J)

ﬁ“graph: \

* For a given fuel emission factor (x-axis), transportation work with NH3 is more GHG intensive (y-axis) than
with Methanol due to

* Lower engine efficiency (i.e. more energy consumed per unit of output power), partly due to a non-
optimized engine size and architecture).
e Higher needs of (fossil VLSFO) pilot fuel consumption to ignite the combustion
* N,O emissions, a powerful greenhouse gas
=» Engine development, ship architecture, and including a PTO to reduce N20 will improve the overall picture.
=>» The use of cleaner pilot fuel will also reduce the gap between ammonia and methanol in term of emissions,
\ihile incurring additional costs and competing with decarbonisation of VLSFO. /

X ifpen - ;
45T S €Energies
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I COMPARISON OF AMMONIA METHANOL AND VLSFO

Fuel GHG intensity VS Container transportation work GHG intensity summations (15t graph) and scenario
distributions for NH3 (2" graph) and MeOH (3) - Scenario: 2025

|WTW GHG emissions of a typical transportation trip fuelled with conventional, ammonia or methanol |
I

(%]
o

Impact WTW Ammonia
== Impact WTW Methanol

£ 40 = Tmpact WTW Conventional
é : Methanol E-Ammonia (H2@0 / grid mix aux)
= E-Ammonia (H2 & aux mw CTG)
‘330 VLSFO (ref.) : — whs SMR-CCS-Ammonia (NG MDEA)
g 20 / == SMR-Ammonia (NG)
0 I
“10 i f \
O/RFNBo: 2" oraph:
[4] 20 40 &0 80 100 120 . . .
[Distributions of Ammonia WTW GHG emissions frém various production pathways ° On ave rage' transportatlon Work Wlth blue NH3 IS
- : more GHG intensive than VLSFO (range of -20% to
= : +35%)!
3 : - S * On average, green NH3 reduces GHG emissions by
, - . ..,.v" *, ‘only’ ~50% (range of 35-85%) compared to VLSFO.
] ) ! ; "‘; + ""1:'0""“ = « Again, this highlights the need for R&D on
Fuel WTW emission factor (gCO2eq/MJ) NH3 engines, vessel architecture Optimisation
+ the need of cleaner pilot fuel.
* Loopholes in the regulatory accounting (not
accounting for the infrastructure) leads to “a
feeling of better outcome” than stated here.
P2 ipen (= energi
A rgies
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I COMPARISON OF AMMONIA METHANOL AND VLSFO

Fuel GHG intensity VS Container transportation work GHG intensity summations (15t graph) and scenario
distributions for NH3 (2" graph) and MeOH (3") - Scenario: 2025

=l E-Methanol (H2 & aux mw CTG)
sdha Bio-Methanol (FW BL gasif)

20 ‘WTW GHG emissions of a typical transportation trip fuelled with conventional, ammenia or methanol ‘ Impact WTW Ammania
mmmm Tmpact WTW Methanol
£ 40 ! = Tmpact WTW Conventional
é : Methanol E-Ammonia (H2@0 / grid mix aux)
20 I — E-ammonia (H2 & aux mw CTG)
= VLSFO (ref.) : s SMR-CCS-Ammonia (NG MDEA)
& 20 i == SMR-Ammonia (NG)
8 i mim E-Methanol (H2 & capture NG, aux grid mix)
= [
I
I

Bio-Methamol (WW direct gasif)

00 : 2{3 40 &0 80 100 120
: [Distributions of Ammonia WTW GHG emissions frdm various production pathways
N I : I K rd \
Fey ! ] : 3 gragh:
E I . . .
g - L * On average, for this baseline comparison, e-
(@] | ki, + . . °
= ! Y T e M"\ methanol provides lower overall WTW emissions
I "‘ x ‘ . .
l i s it per TEU.km with 70% reduction (range 60-80%)
T I . . .
° y 40 &0 g0 100 120 compared to VLSFO, despite slightly higher WTW
i |[%istribultions of Methanol WTW GHG emissions from various production pathways‘ fuel emiSSion .I:a Ctor than N H3
(=] I i [
L ! /:/ TGRS T « On average, biomethanol from waste wood leads
£ el . . .
= ! 12 e-methanol to the lowest overall WTW GHG emissions with
Q0 1 .
£ ! 'l 80% reduction (range 75-85%) compared to
| I
BERLP e, Attt o L O O R VLSFO.

e \ J
0 20 40 60 BO 100 120

Fuel WTW emission factor (gCO2eq/MJ)
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I PRESENTATION OUTLINE

5. LCA TAKE AWAY MESSAGES
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LCA TAKE AWAY MESSAGES (1/2)

Regulations & methodologies

With RED methodology, the molecules derived from green H2 show a significant GHG reduction potential (~90% vs RED

fossil reference). Loopholes in this methodology, currently not accounting for the emissions related to renewables infrastructure,
lead to overoptimistic emissions reduction levels for e-fuels.

Considering the Cradle-to-Grave scope, they can achieve ~80% reduction potential (still passing RFNBO threshold).

Comparisons of fuels

Overall, Ammonia and Methanol products have similar order of magnitude of WTW GHG results. However, lower ammonia
engine efficiency results in higher overall WTW GHG emissions at transportation trip level.

Ammonia

 Blue NH3 is not fit for decarbonization, it emits more overall WTW GHG emissions per TEU.km than VLSFO, on average.

 E-NHS3 is fit for decarbonization but it provides only ~50% reduction (range 35-85%) in overall GHG emissions, on average
« Highlighting need for R&D on NH3 engines and vessel architecture optimisation to improve this figure.

Methanol

« Biomethanol is fit for decarbonization, providing 80% reduction (range 75-85%) in overall GHG emissions, on average.
* Providing that it is produced with the appropriate bio-feedstock... and that it is available.

« E-methanol is fit for decarbonization, providing 70% reduction (range 60-80%) in overall GHG emissions, on average.
« ... butitis hard to produce (requires capture of biogenic CO2).

"
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LCA TAKE AWAY MESSAGES (2/2)

Comparisons of production regions

« Transportation and storage of finished product to the bunkering site has a significant impact.

* However, depending on the scenario of production chosen, fuels produced in regions far from bunkering sites, but with a low-
carbon electricity grid, may have lower GHG intensity than those produced nearby with high-carbon grid mixes.

» Similarly, for products derived from reformed methane (grey or blue) hydrogen, the natural gas supply chain GHG intensity has
a significant impact on the finished product.

Prospective results

« GHG impacts are expected to decrease with years (overall global economy decarbonation, technological improvements of
electrolyzers etc.).

* Using the produced fuel for its own transportation enables to significatively reduce the final impacts of the WTW product.

« Even by 2050 under optimistic scenarios, blue NH3 only satisfies 70% threshold in 6 out of 17 considered locations due to
large footprints when extracting methane.
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Retrouvez-nous sur :

Innover pour un monde décarboné et durable & www.ifpenergiesnouvelles.fr
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