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Gap

Maritime forecast to 2050 in a nutshell
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Shipping’s main challenge over the current decade is to prepare for and start on 
a decarbonization pathway

 Forthcoming short-term policy measures and 
regulations under discussion at the IMO will 
already impact on business in 2023

 In the longer term, large-scale development 
and deployment of carbon-neutral fuels are 
essential for achieving the 2050 goals

 Stakeholders other than the IMO can play an 
important role in driving decarbonization
– Banks, finance, investors

– Cargo owners/charterers
– Regional and national regulators
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This will impact costs, asset values and 
earning capacity of both new builds and 
existing ships
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The uncertainties around future decarbonization pathways are challenging for a 
shipowner that considers investing in new ships

 The choice of energy converter and onboard fuel 
storage is one of the most critical decisions a 
shipowner needs to take today

 Considering the uncertainties around future 
decarbonization pathways scenario analysis can: 
– provide valuable input to strategic newbuilding 

plans 
– enhance fleet flexibility and resiliency to a range 

of possible futures
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Our scenario-based framework can enhance a 
shipowner’s ability to navigate technological, 
regulatory and market uncertainty
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METHOD AND ASSUMPTIONS –
GENERATING A LIBRARY OF SCENARIOS



DNV GL © 03 November 2020

GHG Pathway Model

 Flexible modelling tool for assessing alternative futures. The 
model handles various scenarios including:

– regulatory and trade developments

– fuel-price assumptions 

– energy-efficiency technologies and logistics

 The GHG Pathway model projects the: 

– future fleet composition

– fuel mix and CO2 emissions

– abatement costs
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Assumptions
• Projects tank-to-wake CO2 emissions, which is by far 

the most significant for shipping from a 100-year 
Global Warming Potential (GWP)

• All biofuels, electro fuels and blue fuel alternatives are 
carbon-neutral in a tank-to-wake perspective

• No limitation on the availability of carbon-neutral fuels
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Key input: fuel and engine technologies assessed

 Primary energy sources:

– Biofuels from sustainable biomass sources

– Electro fuels from renewable electricity, and non-
fossil carbon

– ‘Blue’ fuels from reformed natural gas with CCS

– Fossil fuels from fossil sources

 Fuel-transition routes mapped based on technical 
feasibility

 Availability of new engine and fuel cell technologies 
based on current maturity and expected 
development
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Building a library of 30 scenarios using the GHG pathway model
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Fuel and energy prices are key 
drivers of the future energy mix

Form and type of regulatory 
policy measures 

Seaborne trade demand to 
reflect the large uncertainty in 
transportation demand 

Three distinct decarbonization pathways: 
• No further decarbonization 
• IMO ambitions of at least a 50% reduction in GHG emissions by 2050
• Decarbonizing shipping by 2040
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The scenarios explored cover three decarbonization ambition levels
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Spanning uncertainties in:
- Regulations

• newbuild design requirements 
• operational emission limits
• carbon price

- Fleet growth 
• a low-growth scenario, from 

DNV GL’s own updated 
projection

• a high-growth scenario, from 
the Third IMO GHG Study

- Energy cost
• Three different fuel-price 

scenarios have been 
constructed
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Fuel-price pathways constructed based on our Marine Fuel Price Mapper
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Production costs: 
• mapped the relationship 

between the cost of fuel 
production and the price of 
primary-energy sources

• assumed a gradual decrease in 
future production cost due to 
technological developments

Distribution and bunkering 
costs: 
• depends on the storage 

conditions of each fuel product
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MODEL RESULTS:
FUTURE ENGERGY MIX, 
ENGINES AND FUEL SYSTEMS
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CO2 trajectories
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Resulting CO2 emissions and carbon-intensity trajectories for the 30 scenarios in our library.
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Regulatory policies and primary energy prices are key drivers for uptake of 
carbon-neutral fuels and the future fuel mix

 If no further policy measures than those 
already scheduled are implemented, there 
is no uptake of carbon-neutral fuels
 In the decarbonization pathways, carbon-

neutral fuel accounts for between 60% and 
100% in 2050

– In the Decarbonization by 2040 pathway 
the fuel shift will happen during the 
lifetime of a vessel built today.

– For the intermediate decarbonization 
pathway, IMO ambitions, fossil fuels are 
still an important part of the fuel mix in 
2040
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Share of shipping energy usage in 2050 for each modelled fuel type in each of 
the 30 scenarios described

 Large differences between the “No 
ambition” scenarios, and the 
“Decarbonization” scenarios

 Fuel price matters:
– Where a favorable biomass cost is 

assumed, bio-methanol plays a 
dominant role 

– Ammonia plays the dominant role, 
though the origin of the ammonia 
depends on whether we assume 
favorable prices for either fossil fuel 
(with CCS) or renewable electricity
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Fuel mix in 2050: Fossil fuels
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Fossil VLSFO/MGO and LNG are in rapid decline by mid-century, or even phased 
out in the most ambitious scenarios. 
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Fuel mix in 2050: Carbon neutral fuels, it is hard to identify clear winners 
among the many different fuel options across all scenarios
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E-ammonia, blue ammonia and bio-methanol appear frequently with a high market 
share in the decarbonization scenarios
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Fuel mix in 2050: Carbon neutral fuels, it is hard to identify clear winners 
among the many different fuel options across all scenarios
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Bio-MGO, e-MGO, bio-LNG and e-LNG are mainly used as drop-in fuels for 
existing ships
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The role of fuel flexibility and retrofitting vs drop-in fuels: key transitions in 
each decade from 2020 to 2050

 Scenario: IMO ambitions pathway 

– Design and operational requirements, 

– Low renewable electricity prices

– High seaborne trade growth

 Transition:

– 2020s: increasing use of LNG in newbuilds, and some retrofit 
to scrubbers

– 2030s: significant growth in LNG on newbuilds. Regulations 
start to have an effect with some retrofits from LNG to 
ammonia 

– 2040s: most newbuilds built to run on ammonia, existing 
ships use e-LNG and e-MGO as drop-in
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Uptake of carbon-neutral fuels will not happen until a clear and robust 
regulatory framework is put in place

 To drive the development of new technologies, the 
framework must ensure:

– global availability of large volumes of carbon-
neutral fuels

– enable their safe use;

– incentivize their uptake while retaining a level 
playing field

 The speed of transition to carbon-neutral fuels will 
have major implications for the shipbuilding value 
chain and the land-based fuel supply chain 

 Starting with the current decade, we need to 
progress new-generation, carbon-neutral ships 

19
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ACCELERATING CHANGE TO 
BRIDGE THE EMISSION GAP
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Large volumes of alternative fuels with global availability is needed to achieve 
the decarbonization pathways
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Key questions: 
• What are the key barriers hindering the creation of sustainable markets for ships using carbon-

neutral fuels? 
• What will motivate shipowners to move in the right direction and thereby activate sufficient parts of 

the maritime ecosystem to drive uptake of carbon-neutral fuels?
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Are we really moving in this direction? 
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– Less than 1% of existing fleet is using alternative fuels

– 6% of current newbuildings are ordered with alternative fuel propulsion
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Maturing low-
carbon solutions 
and fuels

A shipowner 
needs to be 
confident
that the ship will 
not break down 
or be left without 
access to fuel

Ensure demand 
for low-carbon 
shipping

A shipowner needs 
to be confident
that investing in 
ships with low-
carbon footprints 
leaves him well 
positioned in the 
market both today 
and in the future

Taking the shipowner's perspective, there are two sets of challenges 
influencing the business case for carbon-neutral fuels
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The Alternative Fuel Barrier Dashboard 
– Indicative status of key barriers for selected alternative fuels in 2020
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Without a development 
that moves the status 
markers significantly to 
the right, shipowners 
making the decision to 
deploy new, improved 
technologies and fuels 
will not risk investing in 
immature solutions.

Safety will also be a 
primary concern for 
some fuels.
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Alternative fuels - what are the safety challenges?

Most non-conventional fuels have properties 
posing different safety challenges from those of 
conventional fuel oils.

Additional safety barriers required to maintain 
the safety level when compared with 
conventional fuels. 

Development of regulations and technical rules 
for safe design and use onboard ships is 
required.
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All alternative fuels 
have barriers and 
challenges. 

Resolving theses 
barriers will take a long 
time. 

Fuel flexibility and 
alternative fuel-ready 
solutions can: 
• ease the transition, 

and
• minimize the risk of 

investing in stranded 
assets.

Fuel flexibility, alternative fuel-ready or wait and see?

It took LNG around 20 years to climb all steps. 
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Fuel flexibility
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Example: A vessel powered by dual fuel engines that can burn LNG and MGO 
has different options for fuel shifts, allowing for a gradual transition.
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Building the vessel with 
conventional fuel technology but 
preparing it to allow a less-costly 
conversion later.

Assessment can be made to 
evaluate which preparations to 
incorporate in the newbuilding and 
which to be left for a later 
conversion.

Alternative fuel-ready solutions
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Summing up
1. Over the next decade the shipping industry needs to start rolling out the new generation of 

carbon-neutral ships. 
– It is hard to identify clear winners among the many different fuel options across all scenarios, but our analysis found that 

e-ammonia, blue ammonia and bio-methanol may be the most promising carbon-neutral fuels in the long run 

2. To drive the development of new fuels and technologies, a clear and robust regulatory 
framework must be in place to 
– ensure global availability of large volumes of carbon-neutral fuels 

– to enable their safe use

– to incentivize their uptake while retaining a level playing field

3. Managing decarbonization risks is critical to protect the future value, profitability and 
competitiveness
– Use of fuel-flexible or fuel-ready solutions onboard could help reduce shipowners’ investment risk

– Ships should be future proof in a changing environment, safeguarding competitiveness and mitigating carbon risk

– We have provided tools to support policy makers, ship owners and other stakeholders
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Thank you for your attention !
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