
Maritime Fuels

Alexandre Szklo /Roberto Schaeffer

Full Prof.

COPPE/UFRJ

2025



Takeaways

• Brazil has advantages to kick off the production of low-emission alternative fuels for maritime 

transportation

• For some SBF, logistic challenges associated to the concentration of hotspots in countryside areas

• Think about multiple hubs and how to deal with uncertainties (e.g. dual fuel ready orderbooks vs 

dual fuel vs. retrofit)

• Green shipping corridors to reduce (share) risks (in the short term) – e.g. iron ore Brazil

• E-fuels: high demand for materials, energy, area and water

• NH3 as an e-fuel: + not drop-in, low density, safety concerns, combustion concerns (N2O emissions?)

• Biofuels: low quality in some cases limits blend, high quality in some cases allows drop-in, some 

technologies and processes are (are not) developed, i-LUC concerns (we need studies and models)
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Regarding land use demand (land use change) 

and even water consumption: all SBFs can 

face sustainability issues; this is not a 

challenge exclusive to biofuels. Therefore, LCA 

criteria that refer to d-LUC should not be 

specific to biofuels; they should be neutral and 

account for d-LUC for all SBFs.

The demand for DAC land is enormous, as is 

the demand for dispersed source land. NH3 is 

important as a nitrogen fertilizer...







Part 1a

Background 





IMO2018 and IMO2023

2010 2020 2030 2040 2050

Int. shipping 
currently around 
0.75 GtCO2/yr

IMO2023
Zero emissions*

IMO2018
50% reduction





Crude oil
~170 EJ/yr

Int. shipping
~9 EJ/yr

Fuelling hubs
Homogeneous industry

Low price fossil fuel

In contrast…

However...

Eduardo Müller-Casseres et al. 2024



Status in 2023/2025

• The world maritime fleet consisted ≈  105 x 103 vessels with a total 
cargo capacity of approximately 2.3 billion metric-tons (UNCTAD, 
2023)

• Vessels consumption ≈  14 EJ in 2018: HFO (65%), MDO/MGO 
(31%), LNG (4%), MeOH (0.02%) (Faber et al., 2020 )

• China: 40% of global shipping activity related to fuels and heavy 
industry + major port operator (20% of world containers in just 3 
ports)





• Globally, 1/3 of fleet is older than 15 years

• The average global fleet age in 2024 is 12.5 years (can be higher depending on the ship type)

• The pool of yards capable of carrying out fuel retrofit is small, and turnkey retofits are complex 

requiring capabilities not always available at all yards (skilled workforce + safely handle and 

deploy alternative fuels)

• In terms of new fleet (orderbook)...



Part 1b

Bunker





ISO 8217/2017 / Marpol  18.3/2022

❑Iso 8217: Incorporated a new class of marine fuel specifications for blends with biofuels.
Blends of up to 7% (v/v) FAME are permitted. Report on pour point and cold filter plugging
point for new MGO grades - preventing cold operation problems.

❑Marpol 2022: 30% for all biofuels! (The Marine Environment Protection Committee, at its
seventy-eighth session (June 6 to 10, 2022), approved unified interpretations to regulation 18.3
of MARPOL Annex VI concerning the use of biofuels.)
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Part 1c

SBF



• What about maritime Biodiesel (almost all FAME) by 2030? 1.8 
billion liters (0.06 EJ), driven by ReFuelEU Maritime legislation.

• What about NH3?  Market = 188.4 Mt in 2024 (production 
capacity of around 190 Mt, = 42 Mt). By 2030: 207 Mt. More 
than 80% as fertiliser. As a fuel, almost zero.

• What about H2 (needed for e-fuels and NH3)? Market in 2024 
≈ 12 EJ (97 Mt). Low-emissions hydrogen, made from fossil 
fuels with CCUS, from bioenergy or through electrolysis, makes 
up less than 1% of global supply. Natural gas with CCUS was 
the source for most low-emissions hydrogen produced in 2024, 
while electrolytic hydrogen made up less than 0.1%.

https://cenergialab.coppe.ufrj.br/



Groups
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Group 1:

Distilled Biofuels

Group 2: Alcohol and 

liquefied gases

Group 3:

Hydrogen-based fuels

• SVO

• Biodiesel

• HVO

• HDPO

• FT-diesel

• ATD

• Bio-LNG

• Biomethanol

• Bioethanol

• Green H2

• Green NH3

• e-diesel

• e-LNG

• e-methanol

Icons: freepik/flaticon



Distilled Fuels
GROUP 1



Alcohols and gases
GROUP 2



E-fUELS
GROUP 3

Co-electrolysis, oxyfuel capture...

O2



Part 1d

Comparison



Criteria for comparative analysis
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APPLICABILITY

Feedstock and 

production 

infrastructure

AVAILABILITY

Existing fleet and 

bunkering 

infrastructure

Readiness level 

(production 

and use)

TECHNOLOGICAL 
MATURITY

Requirement of 

space for fuel 

storage

ENERGY DENSITY

Safety in operation 

and toxicity

SAFETY

Existence of 

standards and 

certifications

STANDARDS

LCOE - fuel, 

bunkering and 

ship modifications

LOCAL 
SUSTAINABILITY

Air pollutant 

emissions, 

impacts on water

Direct and indirect 

GHG emissions

ECONOMIC

GLOBAL 
SUSTAINABILITY

Technical

Economic

Environmental

Icons: freepik/flaticon



Operational safety
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MGO
o Flammable liquid and 

vapour

o Toxic to aquatic life

o Aspiration hazards

LNG
o Highly flammable gas

o Cryogenic gas risks

Biomethanol
o Highly flammable 

liquid and vapour

o Toxic if swallowed or 

in contact with skin

Hydrogen
o Highly flammable gas

o Cryogenic gas risks

Ammonia
o Flammable gas

o Gas under pressure

o Toxic, skin burns

o Toxic to aquatic life



Applicability
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Part 2a
Georeferenced analysis and 

Life cycle assessment of selected fuels



6-steps of our GIS modelling analysis
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Geographical

modelling of required 

feedstock

Choice of 

production hotspots

Technical potential 

estimates

Modelling of 

maritime terminals*

Analysis of distances

to main terminals

*Santos (SP), Ilha d’Água (RJ), Paranaguá (PR), São Luís/Ponta da Madeira (MA)

Comparison to current 

bunker fuel

consumption

TJ/yr



Feedstocks and energy resources
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SVO/HVO

oSoybean oil

oCorn oil

oCotton oil

oSunflower oil

oPeanut oil

oMammon oil

FT-diesel

oSugarcane straw 

and bagasse

oSoybean straw

oCorn stover

oWheat straw

oEucalyptus/Pinus

residues and cuts

oForest extraction 

residues and cuts

Bio-CH3OH

oRice straw/husk

oSoybean straw

oCorn stover

oWheat straw

oVinasse

oAnimal manure

oMSW

oSewage sludge

e-diesel

oSolar irradiation

oWater (H2O)

oSodium hydroxide

oCalcium carbonate

oNatural gas (CH4)

oOxygen (O2)



HVO Hotspots
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São Luís Terminal

Paranaguá Terminal

Ilha d’Água Terminal

Santos Terminal

PRODUCTION POTENTIAL (TJ/year)

● Soybean oil 6,500

● Corn oil 2,000

● Cotton oil 1,200

● Peanut oil 470

● Sunflower oil 160

● Mammon oil 23

Total HVO 9,800 TJ/yr

Fuel oil* 24,900 TJ/yr

*Average fuel oil production in a Brazilian oil refinery



SVO/HVO hotspots are far from 
closest terminals
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São Luís Terminal

Paranaguá Terminal

Ilha d’Água Terminal

Santos Terminal

Terminal d (km) 

● Soybean Santos 1,467

● Corn Santos 1,466

● Cotton Paranaguá 1,592

● Peanut Paranaguá 401

● Sunflower Paranaguá 1,521

● Mammon São Luís 930

Feasible? 



B

B
A

A

FT-diesel Hotspots
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PRODUCTION POTENTIAL (TJ/year)

● Sugarcane 23,600

● Soybean A 13,700

● Soybean B 11,500

● Corn 7,100

● Wheat 1,100

● Eucalyptus A 12,700

● Eucalyptus B 9,400

● Pinus 10,700

● Forest Extraction 530

Fuel oil* 24,900 TJ/yr

*Average fuel oil production in a Brazilian oil refinery

60%
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FT-diesel hotspots in south and southeast 
regions are close to terminals
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São Luís Terminal

Paranaguá Terminal

Ilha d’Água Terminal

Santos Terminal

Terminal d (km)

● Sugarcane Santos 151

● Soybean A São Luís 1,352

● Soybean B Paranaguá 474

● Corn São Luís 1,346

● Wheat Paranaguá 413

● Eucalyptus A Paranaguá 636

● Eucalyptus B Ilha d’Água 611

● Pinus Paranaguá 265

● Forest Extraction Paranaguá 505



Bio-methanol hotspots
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PRODUCTION POTENTIAL (TJ/year)

● Hotspot PR 50,900

● Hotspot GO 35,800

● Hotspot MT 74,500

● Hotspot SC 35,100

● Hotspot SP 11,900

Fuel oil* 24,900 TJ/yr

*Average fuel oil production in a Brazilian oil refinery



Bio-methanol hotspots in south and southeast 
regions are close to terminals
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São Luís Terminal

Paranaguá Terminal

Ilha d’Água Terminal

Santos Terminal

Terminal d (km) 

● Hotspot PR Paranaguá 530

● Hotspot GO Santos 860

● Hotspot MT Santos 1,590

● Hotspot SC Paranaguá 440

● Hotspot SP Santos 51

Only MSW and sewage sludge



Electrodiesel Hotspots
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PRODUCTION POTENTIAL (TJ/year)

● Hotspot SP 2,400

● Hotspot BA 2,270

● Hotspot AL 1,920

Total e-diesel 6,600 TJ/yr

Fuel oil* 24,900 TJ/yr

*Average fuel oil production in a Brazilian oil refinery

Hotspots → Proximity to 

chlorine/caustic soda plants 
15 tonnes of 

NaOH per TJ



Electrodiesel Hotspots are close to 
terminals
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Terminal d (km) 

● Hotspot SP Paranaguá 475

Santos 20

Ilha d’Água 495

● Hotspot BA São Luís 1,560

● Hotspot AL São Luís 1,615

São Luís Terminal

Paranaguá Terminal

Ilha d’Água Terminal

Santos Terminal



But electrodiesel production demands 
too much water…
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Water demand ≈ 1,800 m3/day ≈ 280 m3/TJ

17.5 5.3
31.6

7.0

280

Biodiesel Refining Petroleum
Extraction

Oil Refining NG Extraction and
Processing

Electrodiesel
production

Water consumption (m3/TJ)

Icons: freepik/flaticon



... and land.
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Required area ≈ 10 km2 ≈ 4300 m2/(TJ/year)

100 MW-PV power plant (70 km2)

10 MW-PV 
plant (7 km2)

e-diesel 
plant (10 km2)

Ethanol distillery
plant (<1 km2)



Takeaways

• Brazil has advantages to kick off the production of low-emission alternative fuels for maritime 

transportation

• For some SBF, logistic challenges associated to the concentration of hotspots in countryside areas

• Think about multiple hubs and how to deal with uncertainties (e.g. dual fuel ready orderbooks vs 

dual fuel vs. retrofit)

• Green shipping corridors to reduce (share) risks (in the short term) – e.g. iron ore Brazil

• E-fuels: high demand for materials, energy, area and water

• NH3 as an e-fuel: + not drop-in, low density, safety concerns, combustion concerns (N2O emissions?)

• Biofuels: low quality in some cases limits blend, high quality in some cases allows drop-in, some 

technologies and processes are (are not) developed, i-LUC concerns (we need studies and models)



Tks
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