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Introduction
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• Transport plays a vital role in the 

world’s economy, but it is also a 

major source of emissions: 23% 

of energy-related GHG emissions 

globally, and close to a third once

indirect emissions (vehicle  

manufacture, fuel production, 

infrastructure construction) are 

included

• Energy combustion emissions from shipping and aviation currently account for over 5% of GHG 

emissions (fairly evenly split)

• This share will grow as road transport decarbonizes

• For aviation, it comes with important additional climate forcing pressure (due to non-CO2 effects)
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Technology options to decarbonize shipping and aviation 
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Important commonalities

• International relevance + presence of ad-hoc international 

“regulator” (IMO, ICAO)

• Major importance of long distance trips

• Poor track record regarding fuel taxation and meaningful carbon 

pricing (with few exceptions)

Decarbonisation needs to be articulated on three main areas of action

• The management of travel demand

• The enhancement of the energy efficiency

• The reduction of the fossil carbon content of energy vectors/fuels, in line with IPCC (IPCC is also 

clear on the fact that carbon dioxide removals are needed for complementary measures)

→ Need for coordinated action for vessels, energy/fuels & infrastructure

Operational and technical solutions
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Technology options to decarbonize shipping and aviation 

Technical solutions for efficiency improvements

Operational improvements

Fuel switching

Requiring carbon negative approaches (offsets)
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Zoom into fuel options
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Need to account for multiple needs:

• Technology readiness and technical feasibility (including safety aspects)

• Availability, at scale and in line with sustainability requirements (with respect to GHG emission 

abatement, on a life-cycle basis, energy efficiency, water and land use requirements)

• Cost, with a focus of total cost of ownership and operation 

E-fuels (RFNBOs)

Advanced biofuels

Biofuels in use today

Electrif ication 

(electrif ied netw orks)

Electrif ication (batteries)

Hydrogen

Vehicles

High priority (technically feasible, suitable, economically competitive)

Low  priority (technically feasible but not very suitable, economically suboptimal)

Not a priority (subject to major technical restrictions, limited economic competitiveness)

Uncertain (at present, subject to technical and economic restrictions, albeit w ith a considerable potential, requires research and deployment support)

Source: adapted from 

https://www.nature.com/articles/d43978-022-00098-x

https://www.nature.com/articles/d43978-022-00098-x
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In words…
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• For both cost and resource efficiency reasons, the shift to sustainable fuels 

should be first driven by a significant increase in energy efficiency

• Direct electrification from renewable and other low-carbon resources is the 

best option for the decarbonisation of road transport and short haul shipping, 

due to lower cost, better energy efficiency and – with economic circularity –

resource requirements vs. competing alternatives

• Liquid and gaseous sustainable fuels should be primarily dedicated to transport 

sub-sectors that cannot be easily electrified, i.e. aviation, shipping, and –

possibly – part of heavy-duty road transport

Sources:

https://www.europarl.europa.eu/thinktank/en/document/IPOL_STU(2023)733103

https://doi.org/10.7922/G2SB442Z

https://www.europarl.europa.eu/thinktank/en/document/IPOL_STU(2023)733103
https://doi.org/10.7922/G2SB442Z
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With more details…
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• Biofuels are cheaper than renewable e-liquids, but they face availability limitations and competing 

demand in the bio-economy and sustainability constraints with respect to land use

• Hydrogen could be used as an energy carrier (with storage challenges) or a feedstock for PBtL and 

e-fuels (RFNBOs), but it needs to be produced from low-carbon pathways (requiring very carbon 

electricity and very cheap forms of primary energy)

• Renewable e-liquids are interesting options for both aviation and shipping

– Blendable e-hydrocarbons (drop-in) are needed for SAF; they can also be used by ships (cost/energy 

efficiency challenge)

– E-ammonia and e-methanol are competitive candidates for maritime fuels, although their adoption 

remains uncertain: safety issues are currently a barrier for ammonia, and the sourcing of carbon can be 

challenge for methanol

• Fossil fuels with emissions offsetting (including but not limited to DACCS) may outcompete e-fuels 

(if also reliant on DAC), but there are scale constraints for DAC, due to volumes of air to be 

processed and need for large low-carbon heat inputs
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Policies for transport decarbonization
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• Focusing in least-cost is crucial to maximise development opportunities and/or minimize economic 

drawbacks

• While there is a tendency on near-term focus in policymaking, looking at structural long-term 

aspects (availability, modularity and its cost implications) is important to anticipate change, de-risk 

investments meant to seize opportunities and steer the economy towards greater competitiveness

• Carbon pricing is key for signals on efficiency and fuel switching investments, even if not sufficient 

(and also far from being universally adopted)

• The support of innovation and technological development (best if funded by carbon pricing) is 

crucial for sustainable aviation and shipping fuels that can leverage large scale feedstock availability
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H2 based fuels are not equally suitable for all sectors
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Shipping and aviation have similar paths to net-zero
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10 200 EJ 10 743 EJ 8 147EJ 14 638 EJ

1. Reduced demand and improved energy efficiency
2. Direct use of clean electricity
3. Direct use of bioenergy
4. Indirect use of clean electricity via e-fuels
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Electricity demand for e-fuel production will grow exponentially
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By 2050:

• H2 supply reaching 530 Mt/yr
(6x growth)

• Shipping and aviation expected to 
consume ~170 Mt/yr (roughly a third)

• Electricity consumption to grow 3.3x

• Renewable resources are plentiful, 
the key is the timely planning of their 
deployment.
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Synthetic fuels are still in their early stages

208

• Supply and demand for synthetic fuels needs to be bult up in parallel 

across all end-use sectors.

▪ The timely development of necessary infrastructure is critical.

▪ Harmonised certification of green fuels and safety standards to 

further enable trade and investments.

• Long term clarity on policy and regulation is needed.

• International cooperation between governments is important, but 

also between public/private sectors and across end-use sectors.

• Collaborative instruments, such as green corridors are emerging 

and helping to demonstrate and scale decarbonisation efforts.
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IRENA is advancing the decarbonisation agenda with its Members
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Introduction of SPIC group

Layout of SPIC’s e-fuels industry
政
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Brief on Green Power Conversion Industry in SPIC
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Brief on Green Power Conversion Industry in SPIC
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Development of e-fuels industry
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Layout of green NH3 industry 
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Process of green NH3 plant
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Layout of green methanol industry
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Process of methanol plant
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Layout of SAF industry
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SAF technical solutions
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Prospect of key areas in 2030
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Comprehensive utilization of green H2 in northeastern China
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Partnerships
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Clean Energy Marine Hubs (CEM-Hubs)
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De-risking and transforming the Energy-Maritime supply chain

IMO’s Strategy and Net-Zero 
Goals: Historic and ambitious

2050 goals impossible to achieve 
without:

1.Production AT SCALE of low 
and zero carbon fuels close to 
the ports. Electricity 
requirement.

2. Global regulation and cross-
sectoral collaboration.

3. Dual-Role of Shipping.

Enabler of the transition.
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Thank you!


