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Research

• Greening the Fleet -project and 
FME NTRANS (RA2)

• Qualitative socio-technical
analysis of energy transition in 
Norwegian coastal shipping

• Primary data collection in 2015-
2020
• 74 semi-structured interviews

• Survey with 287 Norwegian 
shipowners



Socio-technical transitions

• Fundamental changes in the patterns
of production and consumption in 
different sectors

• Transitions as interlinked processes of
novel innovations (niches) changing
established technologies, rules and 
practices (regime), influenced by wider
societal and political developments
(landscape)

• Highlights the systemic nature of
transitions, role of path dependence
in hampering change, and "windows
of opportunities" for transitions

• Insights on the feasibility of transition
scenarios

Figure: EEA, based on Geels 2002



Current regime in shipping

• Environmental focus earlier on local
pollutants (NOx, SOx, spills, etc.), 
recently increasingly on carbon (goal 
of 50% by 2030)

• Path dependence on current fuels
(MGO/MDO, HFO, LNG)
• Cheap, available, trusted, high energy

density, embedded in current practices, 
sunk investments, etc.

• Limited financial margins and knowledge
among shipowners and operators

• Pressure from e.g. new tendering 
requirements and increasing carbon
fees

Heavy fuel oil (Photo: Glasbruch2007)



Development of niche innovations



Performance of battery-electric and 
hydrogen innovation systems

Technology for a better society

Innovation
processes

Battery-electric (BE) Hydrogen (h2)

Knowledge 

development and 

diffusion

+ Strong collaboration
- Need for further technological
development

+ Increasing number of R&D projects
- Weak knowledge base

Engagement of actors + Clear political goals
+ Public incentives

+ Political goals and ambitions
- Competition against other alt. fuels

Legitimation + Success rate of implemented BE + Important actors engaging
- Lack of rules and regulations

Market formation + Emission regulation, public
procurement

- High fuel prices and limited
availability of h2

Resource mobilization + Substantial public and private 
investments

+ Increasing access of capital

Weak performance Intermediate 
performance

Strong performance



Performance of biofuel innovation systems

Innovation process Biodiesel Liquefied biogas (LBG)

Knowledge 
development and 
diffusion

- Little technical development
- Little focus on shipping

- Little focus on shipping

Engagement of
actors

- High price,
- Pessimism among shipowners

+ Emission reduction policies
+ Synergies with road-based transport

Entrepreneurial
experimentation

- Few experiments - Few experiments in shipping

Legitimation - Unclear environmental benefits
- Fuel vs. food controversy
- High price

- Uncertainty of LBG availability
- Lower sustainability score in 

procurement programs

Resource 
mobilization

- Public R&D programs not favorable 
to biodiesel

+ Available LNG/LBG infrastructure

Weak performance Intermediate 
performance

Strong performance



Condusiveness of the value chains of
novel fuels

Raw materials
Fuel

production
Fuel

distribution

User 
segments 
(shipping 

etc.)

Features

Battery-
electric

+ Existing power production and 
distribution
+ Enough power supply in Norway
- Inadequate grid capacity in remote
regions

Hydrogen + Potential scalability
- Yet non-existing value chain
- Chicken and egg problems

Liquefied
biogas

+ Interchangeability with LNG
- Limited production
- Low scalability

Weak Intermediate Strong



Shipowners' adoption of novel fuels
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Early adopters vs. laggards

• Early adopters of alternative fuels are typically…

• from shipping segments such as e.g. offshore, 
international cargo and domestic passenger

• large and old shipowners with relatively new
vessels

• Laggards are typically…

• from e.g. coastal fishing

• Small and young shipowners with relatively old 
vessels

• Early adopters report higher motivations e.g. in 
terms of increased competitiveness

• Few differences in barriers: all groups report e.g. 
difficulties in terms of investment costs and 
financing



Conclusion

• Complexity a key socio-technical condition for an energy transition in 
shipping (A. Bergek, T. Hansen, J. Hanson, T. Mäkitie & M. Steen, under review)

• Heterogeneity of solutions and application domains
• Many potential technologies with different strengths and weaknesses
• From small fishing vessels to globetrotting megaships!
• Long lifetime of vessels requires retrofitting (customization, adaptation) → less 

mass production

• Interdependencies between technologies, value chains and user 
segments
• Novel technologies: competition over resources and investments, potential 

synergies between battery-electric & hydrogen, biofuels reusing fossil fuel 
infrastructure

• Value chains: development of production, distribution and use of novel fuels (like 
hydrogen) mutually interdependent (possible chicken and egg problems)

• Knowledge spillovers and synergies between application domains


