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Indeed! Sails have a 6% GHG reduction 
potential according to OGCI/Concawe



Lund University – a top 100 University
Education, research and collaboration since 1666

45000 students & 8000 staff

works to understand, explain and improve 

our world and the human condition
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South Korea – a leading country

• World's fastest replacement of light trucks to electric operation
• Strong economic stimulus

• Largest in the world hydrogen-powered vehicle fleet 
• Long-term and concrete strategy of great relevance to the outside world.

• Second largest in the world battery production 
• Very interesting how the state is now stimulating and part-financing how 

research and development can be commercialized in the transition to nickel-
and cobalt-free batteries and solid state technology.
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Methanol projects

2010 2020

Methanol engines @ Ghent University6
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June 2020 – May 2024
The project has received funding from the European’s Horizon 
2020 research and innovation programme (Contract 
No.:860251)
fastwater.eu





What I will talk about (and not talk about) – “helicopter” perspectives as food for thought

9Figure from OGCI and Concawe Maritime Decarbonisation Report (2022)
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Overview

• Perspectives on decarbonization

• Scale of the challenge

• Ship sustainable energy options 

• Technical aspects

• Costs

• Summary



Perspectives on decarbonization



“The internal combustion engine itself is not 
the problem, the fossil fuels it runs on are,” 

German Transport Minister Volker Wissing
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We have to make educated decisions to 
realize the sustainable world
• We can not allow banning of technologies that can make a difference 

for the better

• LCA - Life Cycle Assessment - should be used to guide our decisions to 
avoid dangerous “paper products” and achieve real improvements
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In the UN 2030 Agenda for Sustainable Development, 
sustainable transport is especially related to 
- food security (SDG 2)
- health (SDG 3)
- energy (SDG 7)
- economic growth (SDG 8)
- Infrastructure
- cities and human settlements (SDG 11)

The importance of transport for climate action (SDG 
13) is further recognized under the UNFCCC since 
transport and it´s emissions are projected to grow 
substantially in the years to come. 

https://sdgs.un.org/topics/sustainable-transport
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Sustainable transportation is critical
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The Intergovernmental Panel on Climate Change (IPCC) latest report:
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What does IPCC suggest that is related to shipping?
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Reduction of GHG IMO EU

Base year 2008 1990

2030 40% Intensity 55%

2050 50% Total, 70% Intensity 100% (Net zero GHG)

Before 2100 100%
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EU Emissions Trading System – includes shipping from 2024
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Scale of the challenge



Oil is still the worlds largest energy source
Typically reported production is about 100 million barrels per day. How much is that?
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Current oil production equals ~30% 
of the flow rate of Niagara fallsCIMAC Congress 23
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5 billion tons of oil – every year!

• 100 million barrels crude oil corresponds to about 
5.2 billion tons of oil or about 650 000 TWh

• …or an average of 4.6 barrels for every single 
person on Earth, every year

• Global installed 440 nuclear reactors capacity 
(2021) is 2653 TWh

• EU total power production is about 2700 TWh
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Sources: IEA, World Nuclear Generation and Capacity, Eurostat



In the context of shipping…
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Global shipping Halpern, B.S., et al. 2008. A Global Map of 
Human Impact on Marine Ecosystems
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Amazing improvements in shipping efficiency!
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Focusing on the largest ships would make a strong impact

Will we need 
oil tankers 
anymore?
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IEA: Scaling up low-carbon fuels is the key to decarbonising international shipping
“By 2030, low-carbon fuels represent about 15% of total energy demand in the Net Zero Scenario”
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So hydrogen, methanol and ammonia are often 
mentioned. How much do we have today?

Production capacities

• Methanol 160 million ton

• Ammonia 240 million ton

• Hydrogen 95 million ton 
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Compared to global shipping needs
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Ship sustainable energy options 
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Bio-LNG

Works with the already implemented LNG carriers!
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FAME & HVO

Great when you want to avoid ship modifications!

But aviation might pay more…
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Compared to global shipping needs
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Methanol
Simple molecule that can be produced in many ways!
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Source: Methanol Institute – data from dec 2022
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Ammonia

Removing carbon from the equation helps a lot!

Unlikely fuel for road transportation – opportunity for shipping
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AMMONIA TRANSITION STRATEGY / SEPTEMBER 2022: By 2030, the shipping sector alone 
has the potential to make or break the demand for near-zeroemissions ammonia. 
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How much are the estimates for ammonia?
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Hydrogen

Most scenarios show a strong dependence on E-fuels – depending on hydrogen!
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WAR!



Replacing fossil Natural gas

EU dependence on NG is to be quickly eradicated:

• EUs RePower package increase ambitions 
radically regarding H2. 

• Goal to produce 10 M ton within EU and import 
10 M ton by 2030 
https://ec.europa.eu/commission/presscorner/
detail/en/IP_22_3131

USA enters the H2 ”race” through IRA (Inflation 
Reduction Act), heaviliy subsidicing green H2 
https://www.energypolicy.columbia.edu/the-
battle-for-the-us-hydrogen-production-tax-
credits/
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Hydrogen forecast to 2050

Amount of hydrogen in the energy mix will be only 0.5% in 2030 and 5% in 2050.

Electrolysers – will be the dominant form of production accounting for 72% output

This will require a surplus of renewable energy, to power an electrolyser capacity 
of 3,100 gigawatts. This is more than twice the total installed generation capacity 
of solar and wind today.

3100 GW corresponds 27 000 TWh/year (assuming 100% availability)
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Five bottlenecks holding up green hydrogen in Europe

Demand is not the problem, rather:

• Permitting
• “It needs to take two years maximum to get all the permitting done.”

• Value chains
• “we must build value chains that have secured unrestricted access to those 

core components and raw materials”

• Skills
• The renewables industry needs to recruit and train one million people by 

2030 - it can take up to 15 years

• Regulation
• “We are now leaving the industry in limbo with no rules,” Paquet said. “We 

know that financial investment decisions have already been postponed. It 
needs to start now.”

• Level playing field
• “Let’s be clear: it’s about sustainable manufacturing, social standards, 

environmental standards,” “We need to make sure the same rules apply also 
to the global competition.”

François Paquet, Renewable Hydrogen 
Coalition (RHC), October 2022
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Total steel production in Sweden
would need an estimated 70 TWh electricity by 2045!

Similar to the electricity consumption of Belgium
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Hydrogen leaks impact climate

H2 does not directly trap heat. 

H2 has an indirect global warming effect by extending the lifetime of GHGs (Derwent et al. 2020)

A high-risk scenario could potentially lead to a 5.6 percent economy-wide leakage (IEA 2021)
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Electricity
Huge dependency on low cost sustainable electricity!

Good thing that wind and solar power 
became cheaper than fossil energy 2019
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Bottlenecks for clean electricity

• Grid: Limited transmission capacity is a huge bottleneck

• Skills shortage (installation etc)

• Permitting
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Dubbed ‘the Tesla of the seas’ this fully-electrified, fully-autonomous 
cargo ship is already making waves. The Yara Birkeland has a 7MWh 
battery, charged by Norwegian hydro power. She can carry a little over 
100 containers. The ship cost about 25 million dollars, about three times a 
“conventional ship price”, but will nonetheless cut OPEX for Yara by 90%. 
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Today’s state-of-the-art diesel container vessels thus carry 150 times as 
many boxes (> 18 000) over distances 400 times as long at speeds three 
to four times as fast as the pioneering electric ship can handle.

On a 31-day trip these big ships burns 4,650 metric tons of fuel, each ton packing 42 gigajoules. 

That’s an energy density of about 11,700 watt-hours per kilogram, versus 300 Wh/kg for today’s 
lithium-ion batteries, a nearly 40-fold difference.

The total fuel demand for the trip is about 195 terajoules, or 54 gigawatt-hours. Large diesels (and 
those in the ships are the largest we have) are about 50 percent efficient, hence their useful 
propulsive energy demand is about 27 GWh. To match that demand, large electric motors 
operating at 90 percent efficiency would need about 30 GWh of electricity.

Load the ship with today’s best commercial Li-ion batteries (300 Wh/kg) and still it would have to 
carry about 100,000 metric tons of them to go nonstop from Asia to Europe in 31 days.

Those batteries alone would take up about 40 percent of maximum cargo capacity, an 
economically ruinous proposition, never mind the difficulties involved in charging and operating 
the ship. 

And even if we push batteries to an energy density of 500 Wh/kg sooner than might be expected, 
an 18,000-TEU vessel would still need nearly 60,000 metric tons of them for a long 
intercontinental voyage at a relatively slow speed.

To have an electric ship whose batteries and motors weighed no more than the fuel (about 5,000 
metric tons) and the diesel engine (about 2,000 metric tons) - we would need batteries with 
an energy density more than 10 times as high as today’s best Li-ion units.

That’s a tall order indeed: In the past 70 years the energy density of the best commercial batteries 
hasn’t even quadrupled.
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Not easy to find energy dense battery materials even just for cars
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Nuclear

A focus in the previous Collin Trust keynote by Roland Clift, Emeritus 
Professor, University of Surrey, UK 
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While…

• Today Nuclear accounts for about 10% of produced electricity

• Electricity demand expected to triple

• Muellner et al. Energy Policy (2021)
• Economically viable Uranium 235 resources ~8 million ton
• Current consumption ~60 000 ton
• Thus with tenfold increase in Nuclear, uranium 235 will last ~15-20 years

• Mark Z. Jacobson at Stanford reports: 
• Planning to operation times (planning-permits–construction) for all reactors 

ever built range from 10-19 years, Average today is around 15-16 years.

• Starting today 2023 + 15 years = 2038
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Scenarios presented by the OGCI and Concawe
Maritime Decarbonisation Report (2022)



• 3 main scenarios
• Early pursuit of zero carbon fuels

• Moderate uptake of interim and 
drop-in fuels

• initial maximisation of vessel 
decarbonisation measures (includes 
CCS)

• All scenarios meet IMO 2050 WTW 
• CO2 reduction vs 2020: 79%, 81% 

and 101%
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OGCI and Concawe Maritime Decarbonisation Report (2022)
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Technical aspects
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Future for global shipping?
• Energy losses over propeller is 20-40%

• Cable ferries offer higher efficiency and “autonomous drive”
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Costs
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Needs to account too for potential GHG impact!

OGCI and Concawe Maritime Decarbonisation Report (2022)





Sustainable transport:
Added costs for end consumers small –
but huge for operators and investors
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Do I believe global shipping will meet the sustainability goals?
Are we on track?
• Maybe

• So many positive actions
• In several sectors planned or commissioned facilities would meet the needs
• Still insufficient evidence on commitment to scale up production of sustainable energy 

sources
• Dangerously slow permit processes

Is there potential?
• Yes

• Needed technologies largely in place – better ones are coming
• Several investigations outlines plans based on realistic assessment of available and 

complementing resources: bio + e-fuels + electric
• Life cycle assessment and cost-benefit analysis paves for better decisions
• Multiple paths must be pursued immediately – the challenge is HUGE
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Enough food for thought?
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Now…

That was only 3% of global GHG

• We need to be careful with Earth´s resources

• Sustainable shipping needs to collaborate with the other sectors for sharing 
resources for the greater good

• Market models need development for responsible sustainability with a clear link 
to end consumers costs

• Global agreements and policing are needed on a lot of topics:
• If we walk together we walk faster to the same place 
• Prevent new problems from new solutions

• Our goals for 2030, 2050 and after that, depends on that we start today!

Listen to the IPCC!
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Action – what you can do now!

• Go and convince your politician – there is need for fast track permit 
processes and long term sustainable financing and costing schemes

• Invest in sustainable energy – many options are relevant and will be 
good investments 

Then you have done a lot to secure a future 

for your children and grandchildren!
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