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Life Cycle Assessment: multi-phases and multi-criteria approach where
end-to-end view is required
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Maia launcher life cycle

Climate impact (CO2eq)
over 1 year of operations
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Using wind-based propulsion & Limiting Speed — Gains in GHG emissions

Fuel consumption decreased by

OceanWings sails :

Limiting Canopee's speed to 14 knots compared
to 16 allows for an 8% decrease in GHG
emissions over the Maia launcher's life cycle*

Decrease in GHG
emissions (%)

14 kts

30,79%

16 kts

20,91%

Assumption : MDO Well-to-

Wake emissions factor

€ =3,92 kg CO2/kg

&

Baseline (no sails, 16kts) Using Canopée Limiting speed to 14 kts  Transport optimization New state

*Excluding launch phase 5



Bio-fuels — Life Cycle Inventories

: Hydrotreated Vegetable Oil made through hydrogenation and

hydrocracking processes.

: biodiesel made through transesterification of animal fats and

vegetable oils.

4 fuel types analyzed :

B20 : 20% FAME + 80% Marine Diesel Oil

B100 : 100% FAME

HVO30 : 30% HVO + 70% Marine Diesel Qil

HVO100 : 100% HVO

Soy (Soja) 23%

Used Cooking
Oil 7%

Rape Oil (Colza)
64%

* Feedstock mix for FAME production : Bio-fuel feedstock
distribution for France in 2020

* Feedstock mix for HVO production : 70% rapeseed oil +
30% used cooking oil

Adjustment of emissions to air during combustion based
on literature data



Benefits

Drawbacks

Bio-fuels — Initial Assessment

Large variety of possible feedstocks.
Good lubrication : protects injectors and fuel pumps

Can generally be used blended (B20, B30) in
engines designed for conventional marine fuels,
with only minor adjustments.

Tested more extensively than HVO as a marine fuel

Better availability in harbors than HVO

Energy content of FAME is around 13% less than
fossil. For a B20 mix: 3-5% increase in fuel
consumption onboard.

Reduced storage stability compared to conventional
diesel

Mix rate Il => hydrophilia + oxydation Il

Drop-in fuel - no engine modifications are needed. Can also
be used blended.

Excellent cold flow properties and oxidation stability;
Not hydrophile — not prone to hosting algae/bacteria

Contains no sulfur, nitrogen, or aromatics, making it cleaner-
burning than conventional fuels.

Complex manufacturing process, more costly than other
biofuel and standard fuel options.

Leads to a 2% increase in fuel consumption aboard

Not as readily available as other standard and alternative
fuels




Governemental & EU incentives

FAME & HVO biodiesel production (billion liters)

Africa

M Asia-Pacific
Europe
Latin America

M North America
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&

IFPEN (IFP Energies nouvelles) Biofuels Dashboard (2019)

Conventional (food and feed crops,
such as sugar beet, rapeseed
oil, sunflower oil, soy oil)

High ILUC-risk crops (ex: palm oil)

Advanced biofuels (ex: Algae,
biomass fraction of municipal solid
waste, straw, manure, sewage sludge)
=> FAME made from waste

Waste oils & fats (Used cooking oils,
Animal fats (not suitable for
food/feed)

Usage capped at 7% of transport
energy per EU member state.
ILUC risk is monitored.

Phase out by 2030

Strongly incentivized.
Mandatory target: 3.5% of
transport energy by 2030

Eligible but capped at 1.7% of
transport energy (unless
Member State allows more with
justification)
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Preliminary Results — FAME

Climate Change (kg CO2-eq) impact of 1kg of fuel produced

and used
Marine Diesel Oil MDO Il (80%) + FAME (B100) FAME (B100) FAME (B100)
production + use FAME (20%) production +use  production + use, production + use,
production + use increased UCO 100% UCO
content

Eutrophication Freshwater (kg P eq) impact of 1kg of fuel
produced and used

Marine Diesel Oil
production + use

MDO Il (80%) +
FAME (20%)
production + use

FAME (B100)
production + use

FAME (B100)
production + use,
increased UCO
content

FAME (B100)
production + use,
100% UCO
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Acidification (mol H+ eq) impact of 1kg of fuel produced and

used
Marine DieselOil ~ MDO |1l (80%) + FAME (B100) FAME (B100) FAME (B100)
production + use FAME (20%) production + use  production +use, production + use,
production + use increased UCO 100% UCO

content

Resource use, energy carriers (MJ) impact of 1kg of fuel

produced and used

Marine Diesel Oil
production + use

MDO Il (80%) +
FAME (20%)
production + use

FAME (B100)
production + use

FAME (B100)
production + use,
increased UCO
content

FAME (B100)
production + use,
100% UCO g



Bio-fuels

B100
Pure

HVO100

Results in perspective with MaiaSpace LCIA

Climate impact

gains over full

life cycle (2033
scenario)

- 1%

- 3%

-12%

- 9%

Cascading potential gains on GHG emissions - 1 year of operations, entire life cycle, 2033

Baseline
equivalent
emissions

Baseline (no sails, 16kts)

Using Canopée

Transportoptimization

Allocation (0.5-> 0.3)

MDO replaced with HYO

New state
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Key Stakes

Blend % : affects performance, Land Use-related risks &
risks of oxidation & microbial burden shifting
growth (for FAME)

Scenario 1: Direct Land Initial situation Scenario 2: Indirect Land
Use Change (DLUC) Use Change (ILUC)

g g
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(ropland remains cropland Cropland Cropland is converted to
biofuel feedstock production

/
v
D sl &
| 4
Natural land is converted to Natural land Natural land is converted to

biofuel feedstock production copland to maintain
agricultural production level

Competition with other sectors: SAF

Availability & HVO

* X %

Rotterdam B30 (30% 2nd Port offers bunkering Harbor willing to increase
generation FAME, services; surrounding production volumes and hosting
70% standard region has HVO and FAME capacity for alternative fuels. * * *
diesel) production units Aim : “CO,-neutral and circular
port by 2050”

*
FuelEU
* Maritime
*

Le Havre FAME blends TotalEnergies testing Willingness to develop biofuel
under testing blending FAME into activities; scale of Canopée u

(70% MDO, 30% marine fuels operations may be too small

@ UCOME)




Carbon Tax & Credits

EU ETS = “Pay for your emissions”

FuelEU = “Use cleaner fuels”

Total anticipated Total operating
penalties + carbon +

credits until 2050

costs

Total cost of a fuel
choice
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FuelEU & ETS impact on fuel prices

Baseline costs (assumptions &
approximations) :

Regular diesel 418,4
HVO30 946

HVO100 1634
B20 FAME 602
FAME 100% 1290

Calculations were made under 2025 economic conditions

The analysis does not directly factor in the price variation dependent on
feedstocks. It is important to note that the price of HYO and FAME

is highly dependant on the feedstock used for its production.

Bunkering costs are not included in total costs.

13



FuelEU & ETS impact on fuel prices

Marine Fuels Total Costs (including FuelEU Penalty & ETS) in k€ - 2025 economic conditions
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14
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Conclusion

Thank you for your attention !




Biofuels Life Cycle Inventories

Parameter Unit Process Ecoinvent process
Inputs
kg Rape oil, crude Rape oil, crude (CH)

0.3571 kg Used cooking oil Treatment of used veg-
etable cooking oil, purifica-
tion (FR)

0.0410 kg Hydrogen production Market for  hydrogen,
gaseous, low  pressure
(RER)

0.0410 kg Hydrogen compression Hydrogen compression,
from low to medium pres-
sure (RER) (25 — 200 bar)

0.0250 Electricity, medium voltage Market  for  electricity,

medium voltage (FR)

Outputs
1.0000 kg HVO
0.0350 kg Propane

Table A.1: HVO Life Cycle Inventory. Assumption made for HVO produced in France:

70% rape oil, 30% UCO
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Biofuels Life Cycle Inventories

Parameter

Unit

Process Ecoinvent process

Inputs
0.67

0.07

0.26

Esterification of rape oil Esterification of rape oil (Europe
without Switzerland)

Esterification of used vegetable Treatment of wused vegetable

cooking oil cooking oil, purified, esterifica-
tion (FR)

Esterification of soy and ani- In-house process, details of

mal fats the model in Table A.3

Outputs
1.0000

FAME (bio-diesel)

Table A.2: FAME Life Cycle Inventory.



Biofuels Life Cycle Inventories

Parameter

Ecoinvent process

Inputs

0.0098

0.736

0.171
0.0127

2.46 E-10
0.0936

0.004

0.013
0.0033
0.0422

0.87

units

kg

market for cottonseed oil, crude (GLO)

soybean meal and crude oil production (RER)

tallow, unrefined, recycled content cut-off (GLO)

tap water (Europe without Switzerland

Vegetable oil esterification facility

market for methanol (RER)

market for sodium hydroxide, without water, in 50% solution
state (RER)

market for sodium hydroxide (GLO)

electricity, high voltage (FR)

electricity, medium voltage (FR)

market for heat, district or industrial, other than natural gas
(Europe without Switzerland)

Outputs
1.00
0.0000425

FAME

wastewater, average

Table A.3: Esterification of soy and animal fats LCI
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Climate Change kg CO2-eq, per kg of fuel

Marine Diesel Qil
production and use Tier lll
Canopée

EMAG (B100) production +
use

MDO Il (80%) + EMAG
(20%) production and use

Hydrotreated Vegetable Oil HVO30 (70% MDO Il + 30%

(HVO) production + use

HVO) production+ use
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Sensitivity Analyses

Marine Fuel HYO100 Cost (including FuelEU
Penalty & ETS) - Sensitivity Analysis
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Marine Fuel FAME B100 Cost (including FuelEU Penalty & ETS) - Sensitivity Analysis
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Bio-fuels — Availability

Rotterdam B30 VLSFO/UCOME (30% Port offers bunkering Harbor willing to increase
2nd generation FAME, 70% services; surrounding region production volumes and
standard diesel) has HVO and FAME hosting capacity for

production units alternative fuels. Aim : “CO,-
neutral and circular port by

2050”

Le Havre DML, MDO TBS, FO TBS; TotalEnergies testing blending  Willingness to develop
FAME blends under testing FAME into marine fuels biofuel activities; scale of
(70% MDO, 30% UCOME) Canopée operations may be
too small

Rotterdam hosts « various production locations for
biofuels, including biodiesel, renewable dlesel Sustalnable

Aviation Fuel (SAF) and bioethanol »:
/ - _.:-_,’5‘;‘ >

2023: First trial in France (Le Havre)




ldentified Risks

* "No distinctive hazards or causes unique to biofuels, as opposed to conventional fuels,
were identified in the accident data.” (Marine Public)

 Flash Point:

60-80 °C No fuel oil with a flashpoint of
less than 60°C shall be used

(IMO regulation).
100-170 °C Much higher flash point than

fossil diesel = safer from a fire-
safety perspective.

70-100 °C Higher flash point than fossil
diesel - safer from a fire-
safety perspective.



https://maiaspace2022.sharepoint.com/:b:/r/sites/E2EIndus/Shared%20Documents/Environment/Internship%202025%20DELAROCHE/Ressources/Documentation/Biocarburants/best%20practices%20for%20fuel%20oil%20suppliers.pdf?csf=1&web=1&e=lyLbMg
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