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Possible marine fuels options 

Electricity (Brynolf, 2014)



Background

• Choice of fuel warrants an analysis of a range 
of different factors as price, availability, 
technology maturity level, safety, environmental 
impact, policies etc. 



Initial results from a Multi-criteria 
Decision Analysis of Alternative 

Fuels for the Maritime Sector



Overall aim

• To assess the prospect of renewable fuels in 
the shipping sector by conducting a multi-
criteria decision analysis of selected 
alternative fuels with a panel of shipping 
sector related stakeholders. 

• The multi-criteria decision analysis model 
Analytic Hierarchy Process is used.

• Time perspective 2030



Objectives

• What are the relative economic, technical, 
environmental and social impacts of the 
selected alternative marine fuels?

• What are the relative importance of different 
criteria in the selection of alternative marine 
fuels according to stakeholders?

• What alternative marine fuel is most 
preferable considering the stakeholders' 
preferences?



Included marine fuels

• Liquefied natural gas (LNG)
• Natural gas based Methanol (NG-MeOH)
• Biomass based Methanol (Bio-MeOH)
• Hydrogen produced from electrolysis by 

wind power (Elec-H2) with fuel cells

10 criteria (Economic, technical, 
environmental and social)

(HVO, LBG and fossil-H2 will be added later)



Multi-Criteria Decision Analysis

• MCDA is a tool for managing complex 
decision problems

• Score alternatives based on available 
information and weight the criteria

• The alternative marine fuels are ranked based 
on how they perform with respect to the 
selected criteria and the relative importance of 
the criteria

• Possible to consider
differing views



Overview of criteria and sub-criteria

Participants



Multi-Criteria Decision Analysis

• Pairwise comparisons (criteria and 
subcriteria)

• Alternatives are scored based on how they 
perform with regard to a specific sub-criteria

• Criteria/Sub-critera are given weights based 
on how important they are

• Results in ranking
• Intensities from 1-9 are used



Scoring of Alternative Marine Fuels

• LNG best in terms of: Fuel price, Available 
infrastructure

• NG-MeOH best in terms of: Investment cost, 
Operational cost, Safety

• Bio-MeOH best in terms of: Investment cost, 
Operational cost, Safety

• Elec-H2 best interms of : Reliable supply of 
fuel, Acidification, Climate change, Health 
impact, Upcoming legislation



Relative Importance of Criteria for 
Joint Stakeholder Scoring

Most important sub-
criteria (for each 
group of criteria) are:
• Fuel price
• Reliable supply of 

fuel
• Climate change
• Upcoming 

legislation



Ranking Order of Alternative Marine 
Fuels for Joint Stakeholder Scoring 

The ranking order of 
LNG and Bio-MeOH
is sensitive to 
changes in criteria 
weights

Most “preferred” fuel: 
Hydrogen followed by 
bio-methanol and LNG 
(small difference)



Fictional Authority and Ship-owner 
Weights



Fictional Authority and Ship-owner 
Ranking Orders

Most “preferred” fuel: 
Hydrogen followed by 
bio-methanol

Most “preferred” fuel: 
LNG followed by NG-
methanol



Fictional Fuel and Engine 
manufacturer Ranking Orders

Most “preferred” fuel: 
Hydrogen or Hydrogen and LNG followed by 
LNG, bio-methanol and last fossil-methanol



Stakeholders
• Stena Line
• Wallenius Marine
• Wärtsilä
• Preem
• Swedish Maritime Administration
• Swedish Transport Administration
• Energigas
• SSPA
• Environmental analysis Vehicles and Fuels
• Gothenburg University
• Chalmers University of Technology
• IVL Swedish Environmental Research Institute



Discussion

The results depend on:
• The alternative marine fuels included (aim 

to include more options)
• Selected criteria 
• Perspectives used in scoring (will be 

improved)
• Mix of stakeholders
• More sensitivity analyses
-> Final Result may change



Contact

julia.hansson@ivl.se or 
maria.grahn@chalmers.se

Thank you! 



Extra material

Participants



Participants



Intensities for scoring and weighting

Saaty’s table: The fundamental Scale for Pairwise Comparisons (Saaty, 2008) 

Intensity of
importance

Definition Explanation

1
Equal 

importance
Two elements contribute equally to 

the objective

3
Moderate 

importance
Experience or judgement slightly 
favour one element over another

5
Strong 

importance
Experience or judgement strongly 
favour one element over another

7
Very strong 
importance

One element is favoured very 
strongly over another

9
Extreme 

importance

The evidence favouring one element 
over another is of the highest 
possible order of affirmation

2, 4, 6, and 8 can be used when the difference is less pronounced than the 
above explanations


