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Foreword

When Swiss engineer Alfred Büchi, Accelleron’s forefather, 
invented the turbocharger in 1905, he set in motion a new era of 
maritime progress. By allowing marine engines to deliver greater 
power and range from the same amount of fuel, his innovation 
helped to establish shipping as the world’s most energy-efficient 
form of transport. We have carried that spirit of engineering 
efficiency forward for more than a century.

Today, efficiency is also the industry’s fastest decarbonization 
lever. Energy-saving technologies applied to the largest 50,000 
ships in the global fleet could deliver emissions cuts beyond the 
International Maritime Organization’s (IMO) 2030 reduction target 
of 30%. Leading operators are already cutting ship emissions by 
30-40% with efficiency boosters such as turbocharger upgrades, 
digital tools, and wind-assisted propulsion.

But efficiency alone is no longer enough. In 2024, shipping 
emissions climbed to an all-time high1 – precisely when science 
said they should have peaked and begun to decline. Last year 
also marked the first full year of global warming above 1.5°C2 – not 
in 2050, as once hoped, but a quarter of a century early.

Indeed, the gap between climate goals and reality is no longer 
abstract or debatable. It is clear and present in fires, floods, 
droughts, and heat waves that are straining communities and 
disrupting supply chains worldwide.

While we cannot speak for climate progress in other sectors, we 
do have to ask: why, after nearly two decades of decarbonization 
innovation and investment, has shipping not yet managed to slow 
emissions or reverse the climate spiral?

The answer is twofold. First, the vast number of existing energy-
saving technologies have yet to be applied to the majority of the 
global fleet. Less than 40% of the largest ships have implemented 
these measures.

Second, even if applied across the full global fleet, efficiency can 
only stretch the use of the fuels we are currently using, and slow 
the rise in emissions and temperatures. True decarbonization 
requires the use of new, carbon-neutral fuels.

And that is the industry’s unanswered challenge: the energy 
transition. It remains unanswered, not because of technology – 
ships capable of running on carbon-neutral fuels like e-methanol 
and e-ammonia already exist – but because the fuels themselves 
are still nowhere to be found.

We built the ships. The fuels did not come. But why? And when 
can we expect them?

This report seeks to shed light on the energy transition challenge, 
and to propose a solution. In the process of investigating the 
challenge, we found stakeholder opinion converging on one 

guiding truth: green hydrogen is the foundation of shipping’s net 
zero future. And yet, the economy of scale required to catalyze 
hydrogen production is beyond the reach not only of shipping, but 
of any single industry.

In fact, the scale required nearly defies imagination. To produce 
hydrogen at even remotely competitive costs, a single green 
hydrogen hub could span up to 30 times the landmass of 
Singapore, or one-tenth the size of the United Kingdom. This 
points to a future of hydrogen basins the size of small nations that 
will redefine the global energy landscape.

Hydrogen production itself is also an energy drain. By 2050, the 
annual green hydrogen needs of maritime alone will reach 100 to 
150 million tons, requiring 4,900 to 5,800 gigawatts3 of renewable 
energy to produce. That equals nearly a decade’s worth of 
today’s annual renewable capacity.

And that is just for shipping. Then we have aviation, steel, 
cement, chemicals, power, and agriculture. Combined with 
shipping, these hard-to-abate sectors account for more than 
70% of global emissions, and all of them will depend on the same 
green hydrogen building block to reach net zero. Together, they 
will require roughly 5004 to 6005 million tons of hydrogen annually 
by 2050, and $9 trillion in cumulative investment to produce it.6

Shipping’s cross-sector journey to net zero
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In contrast, only about 38 million tons of green hydrogen are 
currently in the pipeline, supported by less than $320 billion 
in committed investment.7 What is missing is an entire order of 
magnitude, although we still have two decades to bridge the gap.

But that gap is, in fact, the fault line at the heart of shipping’s 
stalled energy transition. The hardest part of our decarbonization 
journey turns out to be scaling green hydrogen as the building 
block for e-fuels, a task made exponentially harder, because no 
industry can achieve it alone. It is also the part of the journey that 
will determine whether we reach net zero on time, or at all.

To be clear, the task at hand is to undo the work of nearly 
two centuries of industrial emissions in 25 years. To meet the 
sheer scale of that challenge, we will need to muster an equal 
degree of collaboration, because shipping’s energy transition 
cannot proceed in isolation. It will have to be part of a global, 
cross-sector energy transition spanning all seven hard-to-abate 
sectors. And it will depend on a tide of hydrogen investment 
powerful enough to lift the entire global energy system.

But we must also be clear about what is at stake. Shipping is the 
backbone of global trade and the energy system itself. If shipping 
fails to decarbonize, the rest of the world will struggle to do so, 
because the arteries of commerce and energy will still carry 
the carbon of the fossil era. For the world to achieve a net zero 
future, shipping must decarbonize.

However, we also believe that shipping is uniquely positioned to 
lead this cross-sector energy transition and the collaboration 
required to achieve it. We can lead, as the carrier of 80-90% 
of global trade, with the only binding global climate regulation 
of any sector, and with ports that serve as natural points of 
convergence, where energy meets cargo, and industries meet 
one another.

In fact, ports like Singapore, Açu, and Rotterdam are already 
taking the first steps in this cross-sector energy transition, 
aligning national policy with global maritime targets and 
aggregating cross-sector demand. In doing so, they have drafted 
the first blueprints of the cross-sector hydrogen economy.

In this report, we compare shipping’s potential carbon-neutral fuel 
pathways, and identify hydrogen as the core energy transition 
challenge not only for shipping, but also for other hard-to-abate 
sectors. We then analyze systemic scaling deadlocks, arriving at 
the conclusion that these can only be solved by a cross-sector 
approach, largely orchestrated at the port-level. We then offer a 
basic set of criteria to help ports assess their roles in a new global 
port ecosystem, anchored in a cross-sector hydrogen economy.

It is clear from our research and analysis, and from the 
contributions of the many stakeholders who were good enough to 
share their expertise and insights for this report, that reaching net 
zero is not only about fuels or systems, but about forging a new 
paradigm of partnership.

Fortunately, partnership has always been one of shipping’s 
great virtues. For thousands of years, shipping has connected 
cultures, carried science and progress across oceans, and 
overcome impossible odds through pragmatism, determination, 
and solidarity.

As an industry, we have already proven, in a relatively short time, 
that we can prepare our global fleet for a decarbonized world. 
Now, it is time to partner with other sectors to secure the fuels we 
all need to carry us, finally, to that net zero shore.

Christoph Rofka 
President 
Medium- and Low-Speed 
Accelleron

Daniel Bischofberger 
Chief Executive Officer 
Accelleron
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100-150 million tons
green hydrogen feedstock required by shipping 
annually by 2050 to produce e-methanol or 
e-ammonia – competing directly with aviation, 
steel, power generation, agriculture, cement, 
and chemicals

500-600 million tons
annual green hydrogen demand required  
globally by 2050 to reach net zero

$9 trillion
	       �required from now to 2050 to build  

the global green hydrogen supply chain

803 million tons
	             of methanol, or

859 million tons
	             of ammonia, or

333 million tons
	             �of liquefied natural gas each year 

required annually by 2050, to fully 
decarbonize shipping

67% increase in maritime fuel consumption 
by 2050, as maritime transport doubles

Executive summary
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Accelleron’s stake in the carbon-neutral fuel transition
Shipping has long been the backbone of global trade, moving 
80–90% of the world’s goods with unrivaled efficiency. Since 
the International Maritime Organization (IMO) launched its 
greenhouse gas working group in 2008,8 the industry has shifted 
onto a net zero trajectory for 2050, investing in technologies that 
prepare fleets for carbon-neutral fuels and a decarbonized future.

Since becoming independent in 2022, Accelleron has also made 
decarbonization its North Star. Turbocharging, digital, and fuel 
injection technologies deliver the efficiency to cut emissions now 

and the flexibility to operate on tomorrow’s carbon-neutral fuels. 
Fuel injection is also a critical enabler of the energy transition, 
ensuring safe and efficient combustion of new fuels with different 
properties, and allowing dual-fuel ships to use conventional fuels 
or carbon-neutral fuels as supply dictates.

Now, after nearly two decades of innovation and investment in 
decarbonization technologies, shipping stands at a turning point. 
The ships and the engines are more efficient than ever, and ready 
to run on carbon-neutral fuels like e-methanol and e-ammonia. 

What is missing is the fuel itself, produced at scale and at a 
competitive cost.

That is the challenge this report tackles: why fuels have not kept 
pace with ships, which barriers block their development, and 
how a new level of partnership across industries can break the 
deadlock and unlock the energy transition.

Maritime fuel pathways, the scale of the challenge, and needs versus reality
The scale of the energy transition required to get the maritime 
industry to net zero is immense. Maritime transport work will 
double by 2050, increasing energy consumption by 67%. 
Even if efficiency improvements reach 17%, demand will far 
outstrip savings.9

To supply shipping’s 2050 needs, any single carbon-neutral 
fuel would have to scale to levels that dwarf current global 
production. Each year, full decarbonization would require 803 
million tons of methanol, 859 million tons of ammonia, or 333 
million tons of liquefied natural gas. Ammonia alone would 
demand 6 times current global fossil-based production.

Biofuels, although useful as a bridge, are not scalable. Shipping’s 
share is less than 1% of the 111 million tons of biofuels available 
today, with road transport using 98.9%, and aviation 0.5%.10

This is why, unlike the IMO, which permits biofuels in its 2030 
checkpoint, the EU, under FuelEU Maritime, does not count crop-
based biofuels towards the fulfilment of greenhouse gas intensity 
targets. This approach reflects a more comprehensive cross-
sector view of biofuel constraints, and is intended to channel 
investment toward green hydrogen-based e-fuels that can scale.

E-methanol and e-methane hold potential, but their scale-
up depends on direct air capture (DAC) of carbon dioxide, a 
technology still in its infancy.

But the real challenge for the maritime energy transition is 
revealed by the green hydrogen feedstock underpinning all 
e-fuel production.

By 2050, shipping alone will require 100–150 million tons of 
green hydrogen every year, estimated to cost around $2 to $3 
trillion.11 Producing it will also require 4,900 to 5,800 gigawatts of 
renewable electricity, nearly a decade of today’s global capacity. 
That means that green hydrogen and e-fuels cannot be produced 
from the public power grid. They will require their own dedicated 
giga-scale renewable plants and carbon capture networks.

Meanwhile, fossil fuels will remain part of the mix for decades, 
making carbon capture indispensable both as a feedstock for 
e-fuels and as a safeguard to contain emissions.

Executive summary
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The 5 deadlocks: how shipping’s fate is tied to the broader  
cross-sector energy transition
The ships are ready. The fuels are missing. Ships for ammonia and 
methanol are setting sail. Dual-fuel ships dominate orderbooks. 
But scalable carbon-neutral fuels are nowhere available, and 
emissions continue to rise. What emerges is not a single barrier to 
the maritime energy transition, but five interlinked deadlocks that 
extend beyond shipping into every hard-to-abate sector.

Deadlock 1: Fuel pathway uncertainty fragments demand and 
dilutes investment in scalable net zero solutions

The proliferation of fuel pathways has created paralysis. LNG, 
biofuels, and e-fuels are all being trialed, but none at scale. 
Shipping, historically the first in line for the leftovers of the fossil 
economy, now faces the reverse: competing for premium fuels.

Meanwhile the only truly scalable carbon-neutral fuel are e-fuels, 
based on green hydrogen. Shipping alone will need 100-150 
million tons of green hydrogen by 2050, and the total estimated 
green hydrogen need across sectors is 50012 to 60013 million tons 
by 2050.

The economy of scale required for competitive green hydrogen 
production demands sizable, long-term offtake contracts, which 
neither shipping, nor any other industry can commit to, before 
a reliable, affordable supply is ready. Suppliers cannot commit 
without offtakes, and offtakers cannot commit without supply. 
Who will move first?

Deadlock 2: Concentrated fuel supply impacts global 
fleet flexibility

In a hydrogen economy, carbon-neutral fuels are not just costly; 
they are geographically constrained. Green hydrogen hubs 
are, by necessity, the size of small nations. The Western Green 
Energy Hub in Australia alone will be 30x the size of Singapore, or 
one-tenth the landmass of the UK, and will use 70 gigawatts of 
renewables to produce 28 million tons of ammonia per year.14

Such scale can drive costs down, but it also concentrates supply 
in just a handful of locations. Container lines with predictable 
rotations can plan for it; bulk and tramp operators cannot.

Deadlock 3: The green finance paradox

Finance exists but is not flowing at the scale required. Banks and 
investors are pouring trillions of dollars into ESG funds, but only a 
fraction of that goes to shipping.

Analysts estimate the total of global ESG assets under 
management at $3.5 trillion,15 with only $14.5 billion earmarked for 
shipping since 2018.16

Shipping’s fragmented ownership base, long vessel lifespans, 
hazy ESG reporting, and uncertain regulation make investors 
reluctant to award ESG funding.

Split incentives compound the problem: shipowners decide on 
engines, but charterers and cargo owners pay for fuel.

However, oil and gas majors, with the ready balance sheets to 
build such giga-projects, hesitate. A $10 billion investment in 
green hydrogen must compete with a $10 billion investment in 
LNG, where returns are clearer.

Consumer-facing cargo alliances like ZEMBA are demonstrating 
early offtake models that work for container lines. But bulk 
segments cannot absorb these green premiums.

Without aggregated, cross-sector commitments to boost returns 
and share the risk, the green finance gap will persist.

Deadlock 4: Regulatory ambition versus implementation reality

The International Maritime Organization (IMO) approved its Net 
Zero Framework in April 2025, the first global carbon pricing 
system for an entire industry. It will raise $10–12 billion per year by 
203017 for the IMO Net Zero Fund.

The IMO’s ambition is historic. But incentives will not flow until 
2028. That is too late for projects that must reach final investment 
decision now, to deliver fuels by the 2030s. Default factors also 
risk penalizing emerging lower-carbon technology with higher 
compliance costs.

Most crucially, national energy policies and incentives on the 
supply and demand sides must align with the IMO’s net zero 
ambition, or investment in carbon-neutral fuels will remain stalled 
and the transition deadlocked.

Deadlock 5: Infrastructure bottlenecks at ports

Even if fuels are produced, they cannot flow without port 
infrastructure. Ports must connect shipping to grids, pipelines, 
water, and storage networks that also serve aviation, steel, 
power generation, and agriculture. Each ton of hydrogen requires 
50–55 megawatt-hours of electricity18 and 20–30 liters of water.19 
At hundreds of millions of tons, competition for electrons and 
water becomes acute.

Permitting adds further delays. Even after final investment 
decision, projects can take 5–7 years before production.

Ports also face a dual burden and opportunity: maintaining 
legacy bunkering while phasing in carbon-neutral fuels, without 
stranding assets.
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Orchestrating a cross-sector, hydrogen-based energy transition can  
resolve the 5 deadlocks
Every deadlock shares a common cause: coordination failure 
which cannot be solved by shipping alone. 

Every solution points to the same path: a cross-sector energy 
transition based on green hydrogen and e-fuels, with ports as the 
natural nexus between shipping and other sectors.

A cross-sector approach to fuel pathways provides a more 
comprehensive view of need, availability and scalability, and 
supports regulation and incentives at a national and global level 
that focus on green hydrogen and e-fuel development.

Shipping’s 300 million tons of annual fuel demand looks vast, but 
even when it isn’t spread out across multiple fuel pathways, it is 
too small to trigger green hydrogen development.

Aggregating cross-sector demand with aviation, steel, cement, 
chemicals, power, and agriculture transforms thin, fragmented 
signals into large, bankable commitments.

Aviation and steel also provide steady, high-value offtake. 
Ports where airports and shipping terminals converge, such as 
Amsterdam, can anchor joint demand. 

Nation-sized hydrogen hubs could deliver green hydrogen 
and e-fuels at a competitive price, but only cross-sector 
collaboration will provide the offtake volume required to mobilize 
their development.

By producing their own renewable energy, such hydrogen hubs 
also alleviate ports of the burden of production.

Ports as platforms for the cross-sector energy transition
Ports are the natural nexus of maritime, industrial, and energy 
systems. They have long been central to energy trade.

Their role must now expand: from handling one or two fossil 
fuels to orchestrating the phase-in of carbon-neutral fuels, while 
legacy fuels phase out.

Ports cannot all play the same role. Geography and resources 
define their positions in a new archetype system. Producers 
generate fuels locally. Connectors distribute through pipelines 
and clusters. Receivers import at scale. Sources export from 
nation-sized hydrogen hubs with world-class renewables. 
Together, these archetypes map an interdependent 
hydrogen economy.

Scale is decisive. The Western Green Energy Hub in Australia, at 
30 times the landmass of Singapore, illustrates this new reality. 
Hydrogen hubs the size of small nations will reshape trade flows, 
reducing the importance of some ports, while elevating others.

Ports that commit early to defined roles, readiness frameworks, 
and cross-sector offtake will capture opportunity. Those that 
hesitate risk obsolescence.

When ports can find their place in the green hydrogen economy 
as producers or export sources, receivers, or connectors for 
e-fuels, they can ensure that a greater portion of the global fleet 
will have access to those fuels. This will help shipping retain some 
level of the flexibility that has been its hallmark for centuries.
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Conclusion
The report confirms a stark truth: shipping’s net zero fate is 
inseparable from the cross-sector energy transition.

The industry has built the ships. But only by joining forces with 
other hard-to-abate sectors in need of the same green hydrogen 
and e-fuels for their own transitions, and by leveraging ports as 
the meeting point for solidarity and action, will shipping reach the 
net zero shore.

Key findings & recommendations: Breaking the deadlock & mobilizing  
a cross-sector energy transition
This report’s analysis yields 8 key findings.
1.	 Efficiency must ‘go viral’. Efficiency is the most abundant 

and cost-effective decarbonization lever today. Technical 
and operational efficiency measures could cut emissions 
over 30% by 2030. Efficiency is also a multiplier, 
amplifying the impact of every ton of scarce and expensive 
carbon-neutral fuels.

2.	 The ships are ready. The fuels are missing. Dual-fuel vessels 
dominate orderbooks, but planned e-fuels cover only 4–8% 
of the IMO’s 2030 target.

3.	 Green hydrogen is indispensable. To achieve its energy 
transition, by 2050, shipping alone will require 100–150 
million tons of green hydrogen, competing directly with six 
other hard-to-abate sectors for a total of 500 to 600 million 
tons needed by 2050, and requiring a total of $9 trillion to 
develop. Cross-sector alliances are the only way to trigger 
requisite production at scale.

4.	 Biofuels are a stopgap, not a destination. Under a cross-
sector lens, biofuels can supply only a tiny fraction of 
maritime demand. Investment in biofuels diverts money 
away from scalable e-fuels.

5.	 Carbon capture is essential. Direct air capture must be 
scaled to produce e-methanol and e-methane. Carbon 
capture and storage will also be indispensable to containing 
emissions from fossil fuels, which will remain entrenched 
across sectors for decades.

6.	 The green finance gap must be closed. ESG capital exists, 
but it cannot flow without consolidated demand, long-term 
contracts, and fit-for-purpose instruments. Without new 
structures to de-risk giga-projects, trillions in capital will 
remain idle. Digital emissions reporting from ships can 
also provide greater ESG certainty and support stronger 
investor interest.

7.	 Global goals need local action. The IMO Net Zero Framework 
is strong, but incentives only start in 2028, and $10-12 billion 
a year does not approach the trillion-dollar level of finance 
needed for e-fuels. Using a cross-sector lens, national 
energy policy must create corresponding incentives on 
supply and demand sides to stimulate hydrogen production 
and support the IMO’s net zero goals.

8.	 Ports provide the platform, but who will lead? Ports are 
the backbone of global trade and energy. They must now 
aggregate cross-sector carbon-neutral fuel demand, to 
mobilize investment and unleash the global cross-sector 
energy transition, and ensure smaller ports and ship 
operators can also participate in the hydrogen economy. 
 
As yet, the exact template for that action is nascent 
and will vary from one port to the next, based on both 
existing port roles and future geographic concentration of 
green hydrogen.
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Nearly 50%
of all ship tonnage 
ordered in 2024 was 
alternative-fuel capable

The ships are 
ready, but the 
fuel is missing
The core barrier to 
achieving net zero by 2050

974 million tons
	           �Maritime emissions in 2024,  

the highest on record,  
surpassing previous peaks 
reported by the IMO and others

>1.5°C
The average global temperature in 2024, 
which was the first full year of global warming 
above 1.5°C, 25 years ahead of schedule

75%
6-14%

of shipping’s potential 2030 emission cuts will come from 
efficiency measures, up to a 35% global shipping emissions 
reduction by 2030, vs. 2008

Average cost above business-as-usual for ship-wide energy-
saving technologies in 2030 – forecast to be less than 
combined cost of fuel and carbon pricing.

“To unlock the added investment required, 
we need to find a better way to distribute the 
cost and gain, which points us towards ever 
increasing efficiency.”
Martin Crawford-Brunt (Lookout Maritime)

“In 2023, we achieved a 10% reduction in GHG 
emissions compared to 2021, and are on track to 
meet our 45% reduction target by 2030, which 
aligns with the Paris Agreement’s 1.5°C pathway.”
Shingo Mizutani (NYK Shipmanagement)

Accelleron’s stake in the carbon-neutral fuel transition
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After a century of steady efficiency gains, shipping has 
entered the decarbonization race

Accelleron’s stake in the carbon-neutral 
fuel transition

As the world’s most efficient mode of transport, for more than 
100 years shipping has evolved to do more with less, carrying 
80–90% of global trade while running on the leftover products of 
the oil economy.

Maritime propulsion technology has powered that progress, and 
Accelleron has built its legacy on this foundation. 

That legacy began in 1905, when Alfred Büchi patented the 
turbocharger, and in 1924 delivered the first commercial design. 
It boosted power, reduced fuel use, and cut emissions. It was an 
innovation that reshaped shipping.

Since then, Accelleron has worked with engine designers and 
operators to anchor a century of progress in global trade.

From division to independence, with a new North Star:  
decarbonization

The spin-off from ABB in 2022 was not a rebrand but a rebuild. 
Overnight, a corporate division became an independent, publicly 
listed company on the SIX Swiss Exchange. Core functions had to 
be created from scratch, including finance, human resources, IT, 
governance, and strategy.

Independence also brought clarity, and Accelleron set 
decarbonization as its new North Star, channeling investment 
into three levers that cut fuel consumption and emissions at sea: 
turbocharging, digital optimization, and fuel injection.

These levers are not only the foundation of Accelleron’s 
business strategy.

They also support the three time horizons for 
maritime decarbonization.

These horizons have been defined by the International Maritime 
Organization as the framework for reaching net zero:

•	 Horizon 1 through to 2030

•	 Horizon 2 through the 2030s and early 2040s

•	 Horizon 3 to reach net zero by 2050 and beyond

Horizon 2030: Efficiency reigns

The fastest way to bend the emissions curve this decade is 
still efficiency.

Retrofits and operational measures can be implemented quickly, 
rolled into port stays, and paid back under today’s fuel and 
carbon prices.

Turbocharger optimization, hull and propeller upgrades, 
smarter routing, and shaft generator integration deliver 
measurable savings.

Digital optimization gives fleet managers the real-time insights 
needed to cut costs and emissions across dozens of vessels.

The IMO-commissioned CE Delft study “Shipping GHG emissions 
2030” analyzes the maximum technical abatement potential by 
2030 and confirms that efficiency could exceed the IMO’s 2030 
target of reducing emissions by 30% compared to 2008 levels.20
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IMO CE Delft 2030 Abatement Potential study

Source of 
abatement 

Share of 
potential 
by 2030 

Technologies

Operational 
measures 

50% • Speed reduction and slow steaming

• Just-in-time and virtual arrival

• Voyage and weather routing

• Trim and draft optimization

• �Autopilot and engine load optimization

• �Hull cleaning and propeller polishing

• �Digital solutions with 
real-time advisory

Technical 
measures 

25% • �Propulsion efficiency devices  
(pre- and post-swirl stators)

• �Ducts, rudder bulbs and fins

• �High-efficiency propellers and 
bulbous-bow retrofits

• �Low-friction hull coatings & 
air lubrication

• �Shaft generator-run electricity 
on ships

• �Waste-heat recovery 
and economizers

• �Wind-assisted propulsion  
(rotor sails, rigid sails, kites)

• �Turbocharger optimization

Zero/near 
zero fuels 

25% According to the IMO GHG Strategy, 
5–10% uptake in 2030 of:

• e-ammonia and e-methanol

• �sustainable biofuels  
(HVO, FAME, biomethane)

• e-LNG for LNG-capable ships

• �selective hydrogen and fuel cells for 
short-sea and auxiliary use

The study quantifies what many operators know in practice: 
energy-saving retrofits are the fastest, most scalable lever for 
decarbonization through 2030.

In fact, the study estimates that the combination of energy 
saving technologies and carbon-neutral22 fuels could result in an 
emissions reduction of 28–47% by 2030 (vs. 2008).

Operational measures constitute roughly 50% of that reduction, 
technical retrofits about 25%, and zero/near zero fuels the 
remaining 25%.

That means that efficiency alone represents 75% of potential 
2030 cuts, and could deliver up to a 35% absolute emissions 
reduction, surpassing the IMO’s 30% target.

It is surely for this reason that both MSC and NYK’s leaders have 
set 2030 emissions targets that exceed the IMO 2030 target and 
are more aligned with the overall global Intergovernmental Panel 
on Climate Change (IPCC) 2030 carbon emissions reduction 
target of 45%.23

Retrofits: fast, affordable emissions cuts, with 
commercial returns

Among the many energy-saving technologies possible 
today, two examples from Accelleron show how 
optimization can deliver quick payback while supporting 
IMO and EU emissions targets.

Engine Part-Load Optimization

A car carrier on a fixed container schedule cut fuel use 
by 3% after engine derating paired with an optimized 
turbocharger. This investment paid back within months, 
and the vessel gained an improved CII rating, with work 
completed in a routine port stay.

When paired with a propeller upgrade, the package 
delivered 25% lower fuel consumption and emissions 
on the trade profile, proving that efficiency retrofits can 
deliver rapid returns while keeping vessels compliant.

Digital optimization at fleet scale

GESCO, India’s largest private shipowner, replaced 
slow, manual engine-performance checks with digital 
optimization. The diagnostics deliver savings of $45,000 
per vessel, per year – equivalent to more than $2.16 
million annually across its 48-ship fleet. The rollout 
began with two vessels and was rapidly expanded to 46 
additional tankers and bulk carriers.

This shows how digital optimization can be scaled 
quickly across entire fleets, delivering efficiency and 
compliance today while preparing ships for tomorrow’s 
fuel transition.

5–10% uptake in 2030 of:21
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As Shingo Mizutani (Chairman and CEO of NYK 
Shipmanagement) explains,

“NYK is actively aligning its strategy with the IMO’s net zero target 
by 2050 and even going beyond.

In 2023, we achieved a 10% reduction in GHG emissions 
compared to 2021 and are on track to meet our 45% reduction 
target by 2030, which aligns with the Paris Agreement’s 
1.5°C pathway.

Key actions include improving energy efficiency through slow 
steaming, upgraded propulsion systems, air lubrication, new 
ship designs, and retrofits.

We are also transitioning to alternative fuels such as LNG, 
methanol, biofuels, and ammonia. Notably, NYK launched the 
world’s first commercial ammonia-fueled ship in 2024.

We use digital twins and real-time data analytics on new ships, 
and to monitor vessel performance before and after retrofits.

Emission reductions are quantified through direct fuel 
consumption data and verified against international 
benchmarks. 

This data-driven approach ensures transparency and supports 
compliance with frameworks like CII and EEXI.

However, challenges remain, including limited shipyard 
capacity, high infrastructure costs, and the need for broader 
industry support — especially from operators and shippers.

”

The NYK decarbonization program shows the extent to which 
efficiency improvements combined with the use of transitional 
fuels like LNG can result in swift emissions cuts that meet or 
exceed the IMO’s 2030 indicative checkpoint of 20 to 30%.

However, to have that impact, the vast majority of the 50,000 
largest ships in the global fleet would need to apply similar 
measures. To date, less than 40% have done so.24

Can the fleet afford it?

Well, according to the CE Delft study, a full suite of energy-
saving retrofits could cost less than carbon exposure by 2030.

The study calculates the average system-wide cost to be 6–14% 
more than business-as-usual will cost in 2030.

That’s not cheap. But they also forecast that by 2030, it will be 
cheaper than the combined burden of fuel and carbon pricing 
exposure without retrofits.

Despite the apparent return on investment, the challenge 
of split incentives in shipping can create a hidden barrier to 
efficiency upgrades.

Martin Crawford-Brunt (CEO, Lookout Maritime) notes that 
scaling efficiency and other decarbonization technologies 
onboard could be supported by a different cost and incentive 
structure, saying, 

“To unlock the added investment required, we need to find 
a better way to distribute the cost and gain, which points 
us towards ever increasing efficiency (not the same thing 
as compliance).

To facilitate this, we will need a ‘better quality of conversation’ 
between the freight buyers and cargo owners and the freight 
sellers, ship operators, and owners.

To have this conversation requires a more consistent and 
mutually accepted metric which describes ‘what good 
looks like’.

This baseline and metric needs to be understood by the market. 
It needs simplicity and speed to function, and in order to be 
adopted and baked into the cost of freight.

”With 2024 marking the first full year of 1.5° global warming25, 
25 years ahead of schedule, while shipping and broader global 
emissions continue to rise,26 it is time for the industry to pick up 
the pace and ‘go viral’ with efficiency.

Efficiency will only gain in importance as future carbon-neutral 
fuels are used, serving as a multiplier to make every ton of 
expensive, scarce, low-density fuel go farther.
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Horizon 2040: Bridging the 2030s and early 2040s 
with flexibility and carbon capture

That viral efficiency can take the industry far, but it will not 
deliver full decarbonization on its own.

At some point, efficiency meets its limit.

Once the gains from efficiency are exhausted, only carbon-
neutral fuels can drive deeper decarbonization.

And that is why the industry has already turned its attention and 
investment to innovations that make ships ready for those fuels.

This has been a story of optimism, exploration, pitfalls, 
and pivots.

The early excitement over methanol, for example, has given way 
to greater reliance on LNG. 

Nevertheless, the surge of 2024–2025 alternative fuel orders 
confirms continued decarbonization ambition and investment.

In 2024, nearly half of all tonnage ordered was alternative-fuel 
capable, according to DNV. This included 264 LNG-capable ships, 
166 methanol-capable vessels (32% of the AFI orderbook), and 27 
ammonia-capable ships.27

In 2025, that momentum has accelerated. DNV’s Alternative Fuels 
Insight (AFI) data for this year already shows 19.8 million GT of 
alternative-fueled vessels on the global orderbook in the first half 
alone, a 78% increase over 2024.28

The industry is also investing in flexibility to ensure that these 
ships are not stranded.

This means dual-fuel engines that can be converted for e-fuels 
at scheduled drydocks, and investing in prelaid piping and other 
connectors to make it easier.

Engine and system designers are embedding flexibility into 
every platform.

Accelleron’s next-generation turbochargers and dual-fuel 
injection systems are designed to handle all major fuels, 
especially e-fuels29  (methanol and ammonia). They are 
engineered for adaptability, reducing retrofit complexity and cost 
so that ships can pivot quickly once new fuels arrive.

A turbocharger can be switched during a normal port stay, making 
a vessel ready for e-ammonia, e-methanol, or e-methane the 
moment supply reaches scale.

Carbon capture is also part of this horizon.

Onboard systems tested today could allow ships to keep running 
on transitional fuels while capturing emissions directly from 
their exhaust.

Combined with efficiency measures, carbon capture provides 
another bridge while waiting for scalable carbon-neutral fuels.

Horizon 2 is about equipping every ship for deeper  
decarbonization.

Since thousands of vessels delivered between 2010 and 2030 will 
still be trading in the 2040s, retrofitting now for efficiency, and 
later for e-fuels, will remain critical.

The success of decarbonization in this period will be defined 
by flexibility, ensuring today’s vessels can bridge the 
energy transition.

Horizon 2050: The final stretch to net zero

Bridges, however, can only carry the industry so far. The final, 
most decisive test for shipping will be its ability to complete the 
energy transition.

Deep decarbonization leading to net zero will ultimately 
depend on using carbon-neutral fuels at scale. Since the only 
truly scalable carbon-neutral fuels are e-fuels, this presents 
a dilemma.

This is the most challenging horizon, demanding not incremental 
improvements, but a complete transformation of the industry’s 
energy base.

This will not only require from $1.2 trillion30 to over $3 trillion31 
in investment, depending on how much shipping must pay for 
the green hydrogen infrastructure underpinning its e-fuels, 
but it will also require a widespread economic, geographic, and 
cultural transformation. Shipping must move from being first in 
line for the leftovers of the oil economy to competing for high-
value carbon-neutral fuels based on expensive green hydrogen, 
probably e-ammonia, e-methanol, and possibly e-methane.

Uncertainty clouds this horizon. Of the many fuels explored, 
no single pathway has yet emerged as dominant, because the 
industry must use what it can get now, while still hoping for a 
better future.

Costs are prohibitively high, demand is fragmented, and the year 
when carbon-neutral fuels arrive at scale remains unknown.

Yet the energy transition is the keystone of decarbonization. 
Without it, the entire structure collapses.

Without it, shipping emissions, along with global emissions, 
continue to rise, despite the industry’s extraordinary investments 
in every kind of decarbonization technology.

And this is where the wheels of innovation seem to meet their 
limits in shipping.

Because the first e-methanol and e-ammonia ships are already 
setting sail.

The fact is, that after nearly two decades of investment and 
innovation, the ships are ready, but the fuel is missing.

That leaves one clear final barrier to net zero: 
carbon-neutral fuels.
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Multiple fuel pathways force industry-wide innovation 
and investment hedging

Because carbon-neutral fuels are virtually absent from the 
market, shipping has been forced into a divided fuel strategy.

Operators are spreading investment across LNG, methanol, 
ammonia, biofuels, e-fuels, and even oil as a fallback.

This strategy is pragmatic. It keeps trade moving, while hedging 
against uncertainty.

However, the collective effect is counterproductive.

Demand is diluted, capital is drained, and momentum toward 
scale is slowed.

Faced with uncertainty, fleets hedge, prioritizing continuity over 
bold commitments.

For technology providers, the result is a constant push for 
flexibility across as many fuels as possible.

Too many fuels, not enough scale.

Today’s options span LNG, methanol, ammonia, biofuels, e-fuels, 
and conventional fuel oil as fallback.

The spread fragments capital, inflates cost, and 
dilutes progress.

Shipowners are compelled to hedge their bets by spreading 
investments across pathways, slowing the concentration of 
demand that could unlock scale in any single fuel pathway.

Accelleron’s role in flexibility

Accelleron is part of this value chain.

Its next-generation turbochargers and dual-fuel injection systems 
are designed to handle all major fuels, especially e-methanol 
and e-ammonia.

These systems are built for adaptability, cutting retrofit 
complexity and drydocking costs so that conversions can happen 
faster and at lower risk.

A turbocharger can be switched during a routine port stay, ready 
to run on e-ammonia, e-methanol, or e-methane as soon as 
supply becomes available.

The technology is ready.

What is missing is the fuel, at scale and at a competitive price.

That gap leaves a pressing question: how much influence does 
shipping really have in bringing those fuels to market?

Why can shipping not move carbon-neutral fuels out 
of the starting gate?

Green corridors have not solved it.

Attempts by major shipping companies to create their own fuel 
supplies have not solved it.

If the energy transition challenge stopped at shipping, solutions 
would be obvious: proving technical viability (nearly done, 
for larger ships), bunkering pilots (underway), and demand 
aggregation via large contracts and green corridors (attempted).

If that were sufficient, the maritime energy transition would be 
on track. Clearly, it is not.

This stalled momentum fuels skepticism as to whether net zero is 
achievable at all. 

That skepticism is not unfounded.

Despite pilots, contracts, and green corridor initiatives, progress 
has stalled.

And if some in the industry believe this challenge is 
insurmountable for shipping alone, they are right.

The toughest barriers to scaling carbon-neutral fuels lie beyond 
shipping’s direct control.

The deeper challenge: cross-sector dependence on 
scarce green hydrogen

The discomfiting truth is that this is not a one-company or 
one-industry problem.

In fact, the challenge underpinning the maritime energy 
transition is not only bigger than shipping, but also bigger than 
any other single sector.

The deeper obstacle is the need to build a global reservoir of 
green hydrogen feedstock that can supply not only shipping, 
but also seven hard-to-abate sectors that cannot reach net zero 
without it.

First and foremost, aviation, but also steel, power generation, 
agriculture, chemicals, and cement – together responsible for 
more than 70% of global greenhouse gas emissions – are in direct 
competition for the same scarce green hydrogen molecule and 
its derivatives.

Several of these sectors have stronger purchasing power than 
shipping and are more accustomed to paying premium fuel prices. 

Yet even they are not moving quickly to secure supply.

The International Energy Agency’s 2024 review finds that most 
announced green hydrogen capacity remains uncommitted, 
citing high production costs, uncertain policy support, and 
infrastructure bottlenecks.32

U.S. outlooks have also been revised downward, and the 
European Court of Auditors has described the EU’s 2030 green 
hydrogen target as “unrealistic.”33

Even if projects are approved today, permitting, construction, and 
commissioning will delay delivery until well into the mid-2030s.34

When carbon-neutral fuel supplies do finally become available, 
even at large hydrogen hubs, they will not become available all at 
once, but rather in increments.

Referring again to the example of InterContinental Energy’s 
hydrogen hub planned for Western Australia, the company plans 
to deliver around 2 million tons of the eventual 28 million tons 
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of green ammonia in the first phase of production, roughly in 
the mid-2030s.

That means that the longer the delay in securing offtakes and 
final investment decisions (FIDs) for any hydrogen project with a 
phase-one delivery schedule of 10 years, the longer the delay in 
finally scaling production to full capacity.

Who will be first in line for that limited supply remains uncertain, 
but most leaders doubt shipping can compete against sectors 
already paying for premium fuels.

And this is where the maritime industry is stuck.

Despite determined efforts to find interim solutions, such as 
biofuels or liquefied natural gas (LNG), the deeper energy 
transition remains trapped by a siloed sectoral approach.

Each of these factors combined creates an immovable deadlock.

Shipping companies, fuel producers, and ports are locked in 
mutual dependence, each waiting for the other to move first.

This stalemate blocks the scale-up of carbon-neutral fuels in 
shipping, slows the sector’s energy transition, and stands as the 
greatest barrier to achieving a net zero maritime economy.

Shipping’s 3-way carbon-neutral fuel deadlock 
between producers, shipowners, and ports

Deadlock is a well-known concept to game theorists.

It is not about conflicting interests or unwillingness to collaborate.

For shipping’s energy transition, it is a simple case of killer 
economics and coordination failure.

1.	 Ships wait for dependable fuel supplies, if not at all of their 
favorite ports globally, at least in dedicated green corridors. 

2.	 Fuel producers wait for the necessary volume and duration 
of offtake contracts to move forward with investment 
and development.

3.	 And ports wait for both, ships that will buy their expensive 
new fuels, and fuel producers that will supply them. 

The carbon-neutral fuel system cannot take off because each 
party is waiting for the others to move first.

Report hypothesis: The success of the maritime 
energy transition hinges on a broader cross-sector 
energy transition

This report investigates the carbon-neutral fuel deadlock in 
shipping and advances a clear hypothesis:

•	 Green hydrogen and e-fuels are the only viable long-
term carbon-neutral feedstock and fuels for shipping’s 
energy transition.

•	 The cost of green hydrogen is so high that shipping alone 
cannot provide the volume of offtake required to trigger 
production, nor can any other single sector.

•	 To scale green hydrogen and e-fuels in time to meet the 
IMO 2050 target and the global net zero goal, shipping 
must pursue a broader cross-sector energy transition in 
collaboration with other hard-to-abate sectors.

•	 Ports must take on a coordinating role by aggregating demand 
and facilitating offtake agreements, thereby securing the 
financing needed to produce hydrogen and e-fuels at scale.

Shipping can leverage global regulation as an enabler

Shipping’s globally binding rulebook is its unique advantage as a 
first mover in breaking the carbon-neutral fuel deadlock.

By leveraging the IMO Net Zero Framework, shipping gains the 
impetus to move from being last in line for oil’s leftovers to the 
front of the queue for premium fuels.

This will depend, however, on mid-term IMO measures and 
national policies creating sufficient signals and support for 
first movers.

Shipping can leverage ports as forums for cross-
sector collaboration and demand aggregation

The IMO is not shipping’s only lever.

Another lies in its operating model, where ports serve as natural 
intersections with the rest of the global economy, especially with 
other hard-to-abate sectors.

In a green hydrogen future, ports emerge as critical nodes, 
serving as anchor points for joint fuel strategies across industries.

Through aggregation models, financing instruments, and 
coordinated business and trade agreements, ports can provide 
a forum for lowering risk, mobilizing capital, and accelerating 
the emergence of shared value chains for green hydrogen, 
e-ammonia, e-methanol, and carbon capture.

This report seeks to offer evidence of the need for a cross-
sector energy transition to enable shipping’s own energy 
transition, through a structured, multilayered approach.
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	 i.	 Maritime fuel pathways

It begins with fuel pathway research, comparing the scalability, 
resource demand, and cost of green hydrogen-e-fuels, biofuels, 
and liquefied natural gas (LNG) across the three decarbonization 
horizons: 2030, 2040, and 2050.

	 ii.	� 5 energy transition deadlocks synthesized from 
stakeholder insights

Building on this, the analysis highlights the deadlocks currently 
blocking the maritime energy transition.

These were revealed through qualitative interviews with 
stakeholders from across the shipping and energy value chains 
and synthesized into key insights.

The interviews tested assumptions, surfaced barriers, and 
prioritized actions, drawing on the perspectives of shipping 
companies, ports, supply chain leaders, energy and fuel 
developers, technology providers, academia, propulsion 
system designers, classification societies, decarbonization 
think tanks, energy and industry councils, and international 
climate leadership.

Their combined insights provide a grounded representation of 
the challenges slowing investment, coordination, and scaling 
of solutions.

	 iii.	 Cross-sector energy transition

The maritime transition cannot be separated from the wider 
global energy transition.

Aviation, steel, chemicals, cement, power generation, and 
agriculture all require the same green hydrogen and carbon 
capture value chains.

Stakeholder interviews underscored this interdependence.

Insights from across shipping, energy, and industry confirmed 
that no single sector can generate enough demand to trigger 
production and infrastructure development at scale.

Only by aggregating demand across sectors can fuels reach the 
volumes and cost levels needed to make them viable.

	 iv.	 How ports can unlock a cross-sector energy transition

From these revealed deadlocks, the case for cross-sector 
demand aggregation is elaborated.

Ports in particular emerge as critical nodes, able to anchor joint 
fuel strategies across multiple hard-to-abate sectors.

By coordinating production, storage, and bunkering with power 
generation and industrial demand, ports can lower risk, mobilize 
capital, and accelerate the emergence of shared green hydrogen, 
ammonia, and carbon capture value chains.

This is complemented by an essential port archetype analysis, 
defining criteria to assess producer, connector, receiver and 
source roles.

It also offers insights on governance, safety, and public-private 
partnership models that allow ports to anchor cross-sector 
demand aggregation and coordinate supply chains.

	

v.	 Key findings and recommendations

Finally, the report closes with key findings and recommendations 
for stakeholder action to facilitate decarbonization and to foster 
a new dimension of cross-sector partnership.

It is a first exploration of the challenge from the perspective of a 
broad spectrum of stakeholders, aimed at identifying common 
ground and pathways to unlock progress.

The report was launched at London International Shipping Week 
at the Global Hub on September 16, 2025, with a presentation and 
stakeholder dialogue.

From there, Accelleron will develop a phase II report focused on 
the shipbuilding trifecta of China, South Korea, and Japan, to 
examine the new challenges and opportunities emerging from the 
phase I dialogues.

Welcome. Read, discuss, and debate.

Then join this initiative to help break the deadlock and drive a 
cross-sector energy transition to reach net zero.
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Maritime fuel pathways, the scale of the challenge, and needs versus reality

101.6% Increase in maritime transport work 
by 2050 (from 59.23 to 119.43 trillion 
ton-nautical miles)

152 million tons 
		�  of hydrogen feedstock required  

for ammonia by 2050

4,900 to 5,800 gigawatts
annually = 1 decade of current annual capacity of renewable 
electricity needed by 2050, to produce the green hydrogen 
required by shipping

1.37 billion cubic meters 
		    �of fresh water required annually by 2050, 

for green hydrogen electrolysis to produce 
e-ammonia for shipping

67.4% Increase in energy consumption  
by 2050, to 16.0 exajoules

5-10% of shipping’s energy consumption to be 
supplied as carbon-neutral fuels to reach 
IMO 2030 goals
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•	 Maritime transport work will grow 101.6% by 2050 (from 59.23 
to 119.43 trillion ton-nautical miles)35

•	 Energy consumption will increase 67.4% to 16.0 exajoules 
by 205036

•	 Efficiency improvements of 17% will only partially offset 
growing demand37

The CE Delft study38 – of the same authorship as the IMO Fourth 
GHG Study – prior to the revision of the IMO GHG targets in 
2023, envisions ship speed reduction, operational optimization, 
and energy-adding technologies like wind-assisted propulsion 
as technical measures offering the biggest potential for 
efficiency improvement.

To reach the IMO’s 2030 goals, CE Delft estimated 5 to 10% of 
shipping’s total energy consumption needed to be supplied as 
carbon-neutral fuels by the same year.

The study, however, does not specify the role of LNG as a marine 
fuel in the reduction of GHG emissions, which became highly 
debated during the course of the creation of the IMO’s Net 
Zero Framework.

How much fuel does shipping need by 2050?

If any single future carbon-neutral fuel were to serve shipping’s 
2050 energy needs, the industry would require approximately:
i.	 333 million tons of LNG or 320 million tons of e-methane 

annually (current global production serves multiple sectors)39

ii.	 803 million tons of methanol (7× current global production 
of fossil-based methanol)40

iii.	 859 million tons of green ammonia (6× current global 
production of fossil-based ammonia)41

iv.	 596 million tons of ethanol
v.	 374 million tons of liquid biofuels as substitute for HFO/

MDO (vs. current 111 million tons available for all sectors, and 
0.7 million tons available based on shipping’s current share; 
expected to grow to 2.8 million tons by 2030)42

The required amount of liquid biofuels in 2050 serves only as 
guidance, as the potentially accessible feedstock for biofuels 
remains scarce if we respect sustainability criteria and the food 
vs. fuel dilemma.43

Year 2018 2030 2040 2050

Transport work 100% 139% 172% 202%

Energy consumption 100% 125% 146% 167%

Efficiency improvements 0% 10% 15% 17%

Maritime fuel pathways, the scale of the 
challenge, and needs versus reality

Our modelling, based on methodologies that mirror the IMO Fourth 
GHG Study (2020), reveals the magnitude of development needed
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Biofuels are finite, a stop-gap, not a destination

Shipping’s share of global biofuels is less than 1% of the 111 
million tons of biofuels available today, with road transport using 
98.9%, and aviation 0.5%.44

Though electrification of land transport may release 
some liquid biofuels for shipping, aviation is expected to 
compete heavily for this supply given its limited carbon-
neutral fuel options.

Another potential biofuel is bioethanol. It shares similar 
chemical properties with methanol but is less toxic, 
hypothetically making it a viable option for marine fuel.

Currently, first-generation bioethanol is used in Brazil 
as a locally produced automotive fuel. However, the 
conversion of bio-ethanol for aviation use presents a 
competitive disadvantage for shipping, given aviation’s 
purchasing power.

Given its availability, it could potentially be adopted for 
shipping in that region. In contrast, second-generation 
bioethanol is more expensive than biodiesel and is 
therefore not considered a practical alternative for 
marine use.

Globally, bioethanol is not yet seen as a broadly viable 
marine fuel due to limited large-scale availability 
and competition with land-based transport and food 
production.45 

E-methane challenges and opportunities

Separately, e-methane production presents both 
compelling infrastructure advantages and formidable 
complexity and scaling challenges.

E-methane, also known as synthetic methane, is 
produced by combining green hydrogen with captured 
carbon dioxide through a methanation process.

This cost of production is comparable to e-methanol, and 
the pathway offers the strategic advantage of being a 
drop-in replacement for liquefied natural gas, enabling 
compatibility with existing LNG infrastructure and 
dual-fuel engines.

However, the complexity related to the handling and 
storage of e-methane as a subcooled liquid adds to the 
overall technical challenge.46

Infrastructure compatibility could represent an 
opportunity for ports and shipowners who have invested 
in LNG capabilities.

E-methane can utilize the existing global LNG bunkering 
network, storage facilities, and operational expertise.

In addition, methane itself is a potent greenhouse gas. 
Regulation is still developing, but the continued use of 
either LNG or e-methane will require strict mitigation of 
this impact.

But can e-methane benefit from cross-sector synergies? 
Unlike hydrogen, methanol, and ammonia, which serve 
as essential feedstocks in other industries, it is unclear 
which sectors, beyond shipping, would use e-methane in 
a decarbonized world.

Carbon capture immaturity puts e-methanol 
and e-methane in question

The outlook of green carbon capture, and thus of 
e-methanol and e-methane production, remains limited.

A recent Zero Emission Maritime Buyers Association 
(ZEMBA) e-fuels availability report found that among 
the e-methane projects submitted to their request for 
information, none had reached final investment decision 
(FID) stage, due to high production costs, uncertain 
demand, lack of regulatory clarity, limited access to 
renewable carbon sources, and the early-stage maturity 
of key technologies like direct air capture.47

The current production pipeline suggests limited 
availability of e-methanol or e-methane for 
shipping, compared to the scale of vessel capacity 
under development.
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The underlying feedstock need: green hydrogen

Given the scale of fuels required, a deeper challenge becomes 
clear: green hydrogen is in scarce supply.

Without green hydrogen, green ammonia, methanol, and 
methane, cannot scale.

Under the assumption that the supply of methanol and ammonia 
can only be scaled up to the required quantities via synthesis 
from green hydrogen and carbon dioxide (for e-methanol and 
e-methane) from direct air capture, the required quantities of 
feedstock can be roughly estimated below.

The following requirements for hydrogen and carbon dioxide 
are projected for 2050 (excluding further use of hydrogen for 
processes in fuel production and potential hydrogen slip):48

i.	 100 million tons of green hydrogen feedstock for methanol 
or 152 million tons for ammonia49

ii.	 1,105 million tons of green carbon dioxide from direct air 
capture (DAC) as feedstock for e-methanol50

Note that biogenic sources of green carbon exist, but their 
limited availability makes them negligible in meeting the scale of 
shipping’s energy demand.

The electron competition

Vast amounts of electricity are needed for feedstock and 
fuel production.

The production of the above quantities of green hydrogen via 
water electrolysis results in the following global demand for 
electrical energy:

•	 18.5 EJ of electric energy for methanol or 28 EJ for ammonia 
(assuming electrolyzer efficiency at 65% LHV)

•	 0.9 billion cubic meters of fresh water for methanol or 1.37 
billion cubic meters for ammonia

Additional electrical energy is required for direct air capture (DAC) 
of carbon dioxide, the synthesis process for methanol, and for the 
liquefaction of air and the synthesis process for ammonia.

The total electrical energy consumption therefore amounts to:
•	 30.8 EJ of electric energy for methanol or 36.5 EJ for ammonia

The additional electrical energy demand on top of electrolysis 
reduces the surplus in energy demand for ammonia compared 
to methanol from 50% to 18.5%. This still leaves ammonia as the 
more energy intense fuel.

With a power utilization factor of 20% for renewable energies, 
required capacities can be estimated:

4900 GW of installed power from renewable energies for 
methanol or 5800 GW for ammonia.

At the end of 2024, a base of 4500 GW of renewable energies 
(solar/wind/hydropower) was installed worldwide and 600 
GW added.

At the current pace of installation, the full decarbonization 
of shipping with e-methanol or e-ammonia would absorb the 
current annual capacity of renewable electricity in around 8 to 
10 years.

Meanwhile, the electrification of transport, heating, and industry, 
and the explosive growth of data centers is also driving demand 
across every sector.

According to the IEA Net Zero Emissions by 2050 (NZE) Scenario, 
global electricity demand is projected to grow 150% by 2050, so 
demand will be 2.5x current consumption.51

At ports, onshore power is also driving increased demand. 
Combined with municipal needs, this is already placing strain on 
power grids in port communities, leaving no spare capacity.

The production of future carbon-neutral fuels in international 
shipping cannot depend on tapping into new renewable power 
plants built for the public grid.

It will require the development of additional, dedicated 
renewable energy facilities to produce green hydrogen and 
e-fuels at the scale needed for maritime use.52
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The water competition

In addition to consuming electrons, green hydrogen and e-fuel 
production consume vast amounts of fresh water.

The production of the above quantities of green hydrogen via 
water electrolysis results in the following global demand for 
fresh water:

0.9 billion cubic meters of fresh water annually for methanol or 
1.37 billion cubic meters annually for ammonia.

That’s the equivalent of fresh water for between 8 and 13 
million households.53

The annual freshwater demand for e-fuel production can be 
assessed in proportion to the existing freshwater withdrawal of 
the countries identified as production powerhouses in this report.

In most of the listed countries, freshwater consumption is 
mainly attributed to agriculture and, in far lesser degree, to 
municipalities. In view of food security, it is unrealistic to divert 
parts of these two shares for fuel production.

For China, the additional demand to produce e-fuels for shipping 
would be negligible relative to its overall freshwater use.

In most other countries, however, the impact would be substantial 
and would likely require freshwater to be sourced through 
seawater desalination.

This is particularly important to avoid competition especially 
with agricultural water demand.

Fossil fuels remain in the mix for decades

Another decarbonization challenge emerges on analysis 
of the fuel pathways, namely, that layering on the use of 
carbon-neutral fuels does not stop the use of fossil fuels in the 
foreseeable future.

The historical energy fuel curve shows that each new energy 
carrier has been additive, expanding total consumption instead of 
replacing older fuels.

Oil did not replace coal, and renewables have not displaced oil or 
gas. Each new energy source has simply added a layer on top of 
existing ones.

Country Freshwater 
withdrawal 

% agric- 
ulture

% ind- 
ustry

% munic- 
ipalities

Australia 8.64 billion m3 62.32 21.04 16.64

Chile 35.4 billion m3 90.89 5.13 3.99

Saudi Arabia 23.4 billion m3 81.56 5.39 13.05

China 568 billion m3 62.14 17.73 20.13

Morocco 10.6 billion m3 87.78 2.03 10.19

Netherlands 8.31 billion m3 3.7 71.56 24.74
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Data source: Energy Institute - Statistical Review of World Energy (2025); Smil (2017)
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This pattern also makes clear that future renewable electricity 
will be consumed by growing onshore needs such as 
electrification of transport, data centers, and heating, rather 
than leaving spare capacity for hydrogen production.

Assessing the cost of e-fuels in shipping

Cost-wise, only very rough future projections of future carbon-
neutral fuels are feasible.

The Maersk Mc-Kinney Møller Center for Zero-Carbon Shipping 
has created a fuel cost calculator for e-fuels, which factors in 
geographical differences and electricity costs.

The sensitivity to these factors is relatively low, as the 
variability of these factors is small relative to the total costs 
discussed here.54

Although a significant cost reduction is forecast in the model 
assumptions, the absolute costs of e-fuels are expected to 
remain well above those of fossil fuels.

This means that the IMO Net Zero Framework fuel penalty 
of $380/ton may help to reduce the gap between costs for 
fossil and e-fuels, but it will not be sufficient to offset the real 
difference in cost of production and distribution.

Additional carbon pricing and further policy incentives will be 
required to offset the cost gap between fossil and e-fuels.

The 5 carbon-neutral fuel deadlocks: where pathways 
meet reality

The maritime fuel pathway analysis reveals too many 
pathways on paper, too little scale in practice, and deep 
resource dependencies.

Above all, the challenge is to secure green hydrogen, but it also 
extends to carbon capture, electricity, and water.
i.	 The quantities of carbon-neutral fuels required 

are staggering.

ii.	 The world’s current green hydrogen base is 
almost non-existent.

In addition, carbon capture is needed both to mitigate fossil 
fuel emissions and to produce e-methanol and e-methane, but 
neither have scaled materially, presenting another significant 
technology and investment hurdle.
i.	 Renewable electricity and freshwater demand will put 

shipping in competition with other sectors and increase 
stress on ports, attempting to build out infrastructure for 
hydrogen and e-fuels.

ii.	 Fossil fuels will remain entrenched for decades.

iii.	 Cost barriers and supply limitations persist, even where 
technical pathways exist.

Together, these barriers reveal interdependencies that extend 
beyond shipping.

This report identifies 5 deadlocks that tie shipping’s fate to the 
broader global energy transition, and can only be solved through 
cross-sector collaboration.•	 The proposed emission intensity reduction pathway results in only neglectable penalty cost on fossil fuels for many years 

	 - By 2030, the intensity reduction of -6% compared to today’s baseline, will only impact low sulfur fuel oil (LSFO). 
	 - It takes until ~2045 until LNG will be affected by the emission intensity factor, but it depends on methane slip assumptions.55

•	 Combined regulations will not close the forecasted cost gap between carbon and alternative fuels until 2045

Graph: Mærsk Mc-Kinney Møller Center for Zero Carbon Shipping
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The 5 deadlocks: how shipping’s fate 
is tied to the broader cross-sector 
energy transition

If the ship technology is ready and fuel need is clear, 
why has progress toward carbon-neutral fuel adoption 
remained so limited?

Shipping’s paradox: The ships are ready.  
The fuels are missing.

Our discussions with industry experts reveal a paradox.

After nearly two decades of investment in carbon-neutral fuel 
technologies, regulations, and infrastructure, the sector has 
proven it can build the ships, but it cannot secure the fuels.

Engines are ready for ammonia, methanol, and hydrogen 
derivatives, but the fuels remain scarce.

The International Maritime Organization’s (IMO) greenhouse gas 
(GHG) strategy binds the sector to penalties and pathways that 
rely on these very fuels.

Yet carbon-neutral fuel progress is stalling, and emissions 
continue to rise.

Rational decisions by individual actors do not yet add up to 
collective progress.

The maritime energy transition faces a deadlock, not from one 
barrier but from five interlinked challenges.

Having established the enormous scale of fuel demand facing shipping 
and other hard-to-abate sectors, a critical question emerges:

What is a deadlock in game theory?

In game theory, a deadlock describes a situation where 
all players would benefit from the same action and their 
incentives align, yet progress still fails to materialize.

In practice, this often stems from coordination failure: each 
party waits for others to move first, creating a “chicken and 
egg” stalemate.

The result is that shared goals remain out of reach, not 
because of conflicting interests, but because of uncertainty 
and lack of collective action.
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At the heart of shipping’s deadlock lies a fundamental 
coordination failure.
1.	 Fuel producers require long-term offtake agreements to 

justify massive infrastructure investments.
2.	 Shipping companies cannot commit to fuel purchases 

without guaranteed supply.
3.	 Ports cannot invest in bunkering infrastructure without 

certainty from both sides.

As Bo Cerup-Simonsen (CEO of the Mærsk Mc-Kinney Møller 
Center for Zero Carbon Shipping) explains,

“to put it simply, shipping companies just don’t have the balance 
sheet to get these large-scale infrastructure investments going, 
so either the public sector needs to step in, or shipping needs 
to go in together with other big sectors in getting these fuel 
production plants established.

”The challenge is therefore not one of engineering or economics 
in isolation, but of coordination across a fragmented 
global ecosystem.

Success depends on simultaneous progress in multiple 
interdependent systems.

Chapter V examines the five interconnected deadlocks 
that prevent progress, despite the best intentions of 
individual stakeholders.

Each extends beyond shipping into other hard-to-abate 
sectors. Solving them requires demand and collaboration 
across industries, so that fuel producers can act on one 
consolidated signal.

Understanding these interdependent challenges reveals why 
shipping cannot solve its decarbonization challenge in isolation, 
and. crucially, it points toward the potential of cross-sector 
coordination mechanisms that could break these five deadlocks.

First, uncertainty over the long-term success of any 
carbon-neutral fuel pathway is fragmenting shipping’s 
already limited demand across multiple competing 
pathways, preventing the scaleup and reliability of any 
single carbon-neutral fuel.

Third, green finance capital remains inadequate to the 
scale of investment required, and inaccessible due to 
fundamental mismatches between shipping’s commercial 
structures and investor requirements.

Second, fuel availability constraints threaten to fracture 
shipping’s traditional operational flexibility and reshape 
the industry’s fundamental business model.

Fourth, the misalignment between ambitious regulatory 
frameworks and the reality of implementation creates 
investment uncertainty around carbon-neutral fuels and 
decarbonization technologies, precisely when long-term 
certainty is essential.

Fifth, even if capital and regulatory clarity align, fuels 
cannot flow without infrastructure. Ports, pipelines, 
storage, power grids, renewable energy, and bunkering 
facilities put extreme stress on port resources and 
logistics, requiring more support from a broader cross-
section of industries.
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Deadlock 1: Fuel pathway uncertainty fragments demand and dilutes 
investment in scalable net zero solutions

“Shipping companies are used to operating in 
a world where energy is abundant and nobody 
else wants it. That’s no longer the case.”
Bo Cerup-Simonsen (Mærsk Mc-Kinney Møller Center for Zero 
Carbon Shipping)

“If shipping and aviation could work together… 
that would be a game changer. I think shipping 
alone is too small.”
Dominik Schneiter (WinGD)

Stakeholders agree on one essential truth:
green hydrogen is the foundation of the long-term maritime energy 
transition, yet fragmented fuel choices and sectoral silos prevent it 
from scaling

1.07 million tons
	             �Shipping’s e-fuel commitments for 

2030 vs 13.7 million tons needed for 
IMO’s 5% GHG reduction target

0.7 million tons
	         �Shipping’s current share of the  

111 million tons of biofuels currently 
available globally

19% of IMO 5% minimum carbon-neutral 
fuel target in 2030 combined 
biofuel and e-fuel production 
commitments by 2030
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A. A plethora of fuel pathways fragments demand signals

Short-term (2020s to early 2030s): transitional and 
bridge fuels

In the near term, shipping is in what experts describe as an 
exploratory phase.

Multiple fuels are being trialed simultaneously, with no single 
candidate demonstrating the scalability or cost profile to emerge 
as the clear frontrunner.

Other hard-to-abate sectors are in the same exploratory phase. 
Aviation is testing multiple Sustainable Aviation Fuel (SAF) 
feedstocks, steel is running pilots with hydrogen direct reduction, 
and chemicals are experimenting with electrification and 
synthetic feedstocks.

This creates a proliferation of options, but also a deadlock: 
fragmented demand signals mean that no fuel pathway can reach 
the scale required to provide a long-term global supply.

Professor Lynn Loo (CEO, Global Centre for Maritime 
Decarbonisation) says,

“We see the future as a mixed fuel future.

It is a transition from one portfolio of fossil fuels to another 
portfolio of zero or net zero fuels.

”Bo Cerup-Simonsen (Mærsk Mc-Kinney Møller Center) adds,

“It is not enough that a fuel can work in an engine.

It has to work in the infrastructure, in the port, in the supply 
chain. That is why we cannot expect one 
single winner.

We will still have fossil fuel in the mix in 2050. But if you even 
put a condition to say what would it look like if we went to 
zero, we would still argue that that would probably be a mix of 
bio-based fuels, e-fuels, and also hybrid fuels where you mix 
some electrolysis hydrogen with carbon or nitrogen from other 
sources and you get fuel.

So yes, we believe it will be a multi-fuel future.

”This dynamic affects not only shipping but also other hard-to-
abate sectors, all of which are currently experimenting largely 
in isolation.

For shipping, the situation is compounded by the industry’s 
historical reliance on the cheapest fuel available.

Shipping faces a paradigm shift from lowest cost fuel 
to premium

The new fuels come at a higher cost, pose storage challenges, 
and are available only in limited volumes and locations.

Tore Longva (Decarbonization Director, Regulatory Affairs, DNV) 
points out,

“Right now, shipping is looking at a wide range of fuels in what’s 
very much an exploratory effort.

There are pros and cons with all fuels. There are no fuels where 
you can say ‘yes, that’s obviously the best option.’

For fossil fuels, diesel and fuel oil are optimal, possibly LNG, but 
for low-emission fuels, it’s completely different.

”Dr Alexandra Ebbinghaus (GM Decarbonization, Shell 
Marine) says,

“There are always pros and cons. With liquefied natural gas, it’s 
cryogenic temperatures and flammability.

With ammonia, it’s toxicity, it’s the fact that it’s a gas at 
room temperature.

With methanol it’s a liquid, but we worry about where you get 
the carbon source.

There are no obvious solutions, and we think it’s going to 
depend on the end user, and it needs to be fit for purpose.

”



28 Deadlock: What’s stopping shipping’s carbon-neutral fuel transition?

This uncertainty creates what economists describe as a 
coordination failure.

Each potential pathway requires billions in infrastructure, yet 
because demand is divided, no single option can progress at the 
speed and scale required.

The International Energy Agency (IEA) reports that while 
production of low-emissions hydrogen technologies could reach 
43 million tons per year by 2030, demand lags behind, at just over 
11 million tons.56

This “pull problem” is not rooted in lack of need, but in 
uncoordinated demand across sectors.

This is a turnaround, since earlier IEA projections had warned 
of the opposite problem, suggesting that demand could exceed 
supply several times over by 2030.57

The situation has flipped. Instead of demand overwhelming 
supply, today’s reality is an abundance of production 
announcements, but weak final offtake commitments.

Traditional short-term or volume-flexible agreements cannot meet 
the capital-intensive financing needs of hydrogen producers.

This leaves many projects stranded on paper.

Without long-term offtake commitments that make pricing and risk 
bankable, hydrogen cannot scale to meet the needs of any hard-
to-abate sector, including shipping.

This sets up the 2030s, when the hydrogen economy58 begins to 
scale, but access and affordability remain challenging.

	 i.	� Could the IMO’s 2030 minimum fuel requirement 
(5–10%) serve as a hydrogen catalyst?

The IMO’s 2030 indicative checkpoint requires that at least 
5%, striving for 10%, of international shipping’s fuel must be 
carbon-neutral. 

This milestone is not arbitrary.

It is intended as a tipping point for shipping: a signal strong 
enough to trigger investment, infrastructure build-out, and cost 
reductions in e-fuels.

The checkpoint exists to prevent a last-minute breakdown in the 
2040s that could derail the pathway to net zero in 2050.

The hitch is that while the target is imposed only on shipping, 
achieving it will depend on shipping aligning with other sectors 
to aggregate demand and secure the bankable offtake volumes 
needed for new projects.

The numbers, however, show how far the industry still has to go.

To satisfy even the minimum 5% requirement, shipping will need 
a minimum of 13.7 million tons heavy-fuel-oil equivalent (tHFOe) 
of carbon-neutral fuels per year by 2030.59

By contrast, the Zero Emission Maritime Buyers Alliance (ZEMBA) 
report on projects that have reached a final investment decision 
(FID) found that the current total of e-fuel commitments adds 
up to only 1.07 million tHFOe in 2030, covering just 4–8% of the 
IMO’s 5% minimum.60

ZEMBA’s requestion for information (RFI) was based on direct 
input from fuel suppliers and operators, providing one of the most 
credible real-time insights into which projects are truly committed 
versus just announced.

The Getting to Zero Coalition confirmed in 2024 that shipping 
is off track to meet even the 5% carbon-neutral fuel share 
by 2030, absent faster FIDs, stronger policy, and larger 
offtake agreements.61

Yet the same data could be read differently.

If 1.07 Mt is already committed, the pathway is clear: reaching 
the IMO’s minimum will require multiplying these commitments 
by a factor of 10 over the next 4 years.

That scale is daunting for shipping alone, but achievable if 
demand aggregation reaches across sectors.

As Alexandra Ebbinghaus (Shell Marine) notes,

“Whether incentives or penalties, you need something to 
address the gap. You can have the stick or the carrot, but 
without those you cannot make it work.

”As the previous section showed, the critical mass of deadlock 
can be flipped into a critical mass of opportunity.

The 2030 checkpoint can become the focal point for new 
partnerships between shipping and aviation, between ports and 
energy ministries, and between cargo owners and producers.

If sectors consolidated demand, the 5% milestone could trigger 
not failure, but momentum.

What is at stake is more than a single number. If the 
2030 checkpoint is missed, the entire trajectory to 2040 
could collapse.

Without early scaling, the 70–80% absolute emissions cut 
required in 2040 could become unattainable. But if the 5% 
minimum checkpoint is reached, it could demonstrate that 
collaboration across sectors can overcome coordination failure.

The IMO target sets the marker. Whether it is met as a deadlock 
or an opportunity will depend on how effectively sectors 
combine demand in the next five years
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	 ii.	� What about a 2030 biofuel stop-gap?

Biofuels already play a visible role in shipping’s decarbonization.

For many operators, they are the only near-term carbon-neutral 
option that can be deployed at scale today without major 
changes to engines or infrastructure.

Eman Abdalla (Former Global Operations and Supply Chain 
Director, Cargill) points out,

“[for companies that are] closer to the end user, it is easier to 
pass on a premium… hence IKEA, Amazon, ZEMBA.

In the near term, biofuels are something we can already use.

It is not the ultimate solution, but it is something we can do now 
to start the transition.

”In fact, they are in demand as a stop-gap across multiple sectors 
– road transport, aviation, and shipping – but global supply is 
overwhelmingly absorbed by road and aviation.

The quantities in circulation confirm biofuels’ immediate appeal, 
but also their limits.

In 2023, total biofuel consumption in shipping (both domestic and 
international) amounted to about 0.7 Mtoe, according to the IEA.62

To put this in perspective, this is equivalent to about 0.3% of the 
total energy use of the shipping industry.

But in reality, almost all of that biofuel is already spoken for by 
road transport and aviation.

Only about 1.6 Mt of planned 2030 biofuel production is 
realistically available to shipping, equal to just 11.7% of the IMO’s 
2030 target.

Combined biofuel and e-fuel production commitments cover 
only about 19% of the fuel required to reach the IMO 5% carbon-
neutral fuel milestone in 2030.

Even if new projects reached final investment decision today, the 
timelines are slow.

•	 3-5 years for new biofuel capacity

•	 4-6 years for e-fuel plants

Projects coming online now will contribute volumes only from 
the late-2020s onwards, and not nearly enough to close the 
2030 gap.

It is also critical to note that EU regulation already reflects the 
reality that maritime will have access to only a sliver of the total 
biofuel supply at any given time.

FuelEU Maritime, which entered into force in 2025, requires 
reductions in fuel greenhouse gas intensity on a well-to-wake 
basis and does not recognize crop-based biofuels.

It focuses instead on renewable fuels of non-biological origin 
(RFNBOs) such as e-ammonia and e-methanol, and advanced 
biofuels produced from waste or residues.

This is doubtless because FuelEU Maritime is based on the 
EU Green Deal, which is a cross-sectoral policy that examines 
the energy possibilities not for a single industry, but across all 
of them. In so doing, it forms a more complete picture of both 
potential and limitations. This allows it to arrive at a broader view 
of fuel pathways, costs, and limitations.

The IMO, by contrast, allows crop-based biofuels to count toward 
its 2030 checkpoint. This may be because of a shipping-based 
analysis of biofuels’ potential that does not fully account for the 
supply and demand across all hard-to-abate sectors.

A shipping-only approach to biofuels could tempt operators to 
lean too heavily on conventional biofuels to meet the near-term 
target, and risks diverting finite funds away from long-term 
e-fuel solutions.

Rene Cotting (CFO, Smart Energy) and Christian Pho Duc (CTO, 
Smart Energy) emphasize the unsuitability of burning crops for 
fuel, saying,

“The world is already experiencing the effects of climate change 
with increasing pace.

Land for living and growing food is becoming even scarcer.

The amounts of land needed to decarbonize through 
biofuels cannot be imagined to be truly available to meet 
decarbonization targets.

Hydrogen-based fuels/e-fuels are much more area-efficient 
than biofuels and can be produced on land which is not suitable 
for living or agriculture.

So, without any doubt, they are an important part of the mix.

”The combined agricultural competition and competition 
with other sectors for available biofuels points to serious 
risk for shipping: if scarce capital is invested in biofuels and 
thus diverted away from hydrogen-based e-fuels, which are 
indispensable for long-term decarbonization.

Seen in isolation from shipping’s perspective, there might be 
enough biofuels to meet the IMO 5% minimum carbon-neutral fuel 
target in 2030.

However, a cross-sector view of the biofuel landscape under 
the EU Green Deal shows that while biofuels are recognized as a 
potential component in the transport sector’s decarbonization 
strategy, only certain types of biofuels (for example, advanced 
or waste-based fuels with low indirect land use change risk) that 
meet strict sustainability criteria are accepted.

Biofuels with high indirect land use change risk are being phased 
out. This makes it more challenging for biofuels broadly to 
be relied upon as fully carbon-neutral fuels to meet the 2030 
shipping decarbonization targets.
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Unless shipping channels investment into e-fuels with a longer-
term trajectory, it risks being left behind in the 2030s and 2040s, 
locked into pathways that cannot scale.

In short: While they might signal progress, biofuels are finite, a 
stop-gap, not a destination.

If they crowd out investment in hydrogen and e-fuels, they 
become part of the problem rather than the solution.

Mid-term (2030s): hydrogen and e-fuels begin 
to scale

Hedging across fuels reduces risks for individual shipping 
companies, but at a system level, it worsens the deadlock.

It further dilutes already limited demand signals.

Producers cannot justify large-scale facilities when customers 
spread their bets across multiple fuels.

Giuseppe Gargiulo (Local Network Execution Manager, 
Mediterranean Shipping Company) adds,

“We do not see future fuels as being a single fuel.

We see a variety of fuels that will be available in certain places.

We can then adapt locally. Based on the availability of the 
fuel, we may switch to the best option and to the best 
emission profile.

”MSC is already transitioning to LNG and is set to have 200 vessels 
burning that fuel by 2029.

Rene Cotting and Christian Pho Duc (Smart Energy) say,

“Given that 2050 is ‘only’ 25 years away, which indeed is not very 
long in terms of infrastructure investments including vessels, it 
is highly unlikely that a single dominant fuel can evolve by then.

Already, by legacy, current fuel types will still be around.

”Each future carbon-neutral fuel also presents its own 
challenging trade-offs in terms of either safety, technical 
maturity, or scalability.

Alexandra Ebbinghaus (Shell Marine) adds,

“[For our] low carbon solutions...we have hydrogen, advanced 
biofuels, natural gas.

With methanol it’s a liquid, but you first have to get the green 
carbon. Where do you get the carbon source? That is the issue. 
With ammonia, it’s toxicity. With LNG, it’s flammability.

If you cannot use ammonia directly and have to crack it back to 
hydrogen, the costs are significant, the losses are very high.

If you’re going for liquid hydrogen, it’s difficult to liquefy, keep 
liquefied, that’s also very expensive.

If you actually make e-methane out of it and then put it into the 
existing supply chain, or e-methanol, that is also an option.

”Ammonia is viewed with some caution for specific applications, 
due to its toxicity.

Meanwhile, the development of both e-methanol and e-methane 
depends on scarce green carbon, which has not begun to scale.

No single future carbon-neutral fuel is straightforward, reinforcing 
why the 2020s are a decade of experimentation and numerous 
parallel pathways.

The industry also needs new viable commercial contracts for 
these new fuels.

Without mechanisms to recover the cost of transitional fuels, 
shipowners and operators are reluctant to commit, reinforcing 
the deadlock.

Paolo Tonon (Technical Director, Berge Bulk) says,

“We don’t have a business model today in the chartering rates, 
how they are shaped, that is catering for those additional 
costs… this is an additional cost, and we all know shipping will 
become more expensive.

”In the short term, therefore, the industry continues to hedge, 
using transitional fuels like LNG, methanol, and biofuels where 
available, without clarity on which will dominate beyond the 
early 2030s.
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Hydrogen begins to scale, as the system-level energy carrier 
underpinning cross-sector decarbonization.

It links shipping, aviation, steel, agriculture, cement, chemicals, 
and power generation.

A functioning hydrogen economy requires large-scale 
electrolysis, cross-sector offtake agreements, infrastructure 
build-out, and stable policy support.

Without these, neither shipping nor other heavy industries can 
reach net zero by 2050.

Hydrogen-based fuels will not be reserved for shipping; 
competition will be fierce.

Shipping’s paradigm shift from having practically exclusive 
use of the cheapest and dirtiest fuel in the global fuel mix to 
purchasing the most expensive is not an easy one.

However, most stakeholders do envision this shift properly 
gaining momentum in the 2030s, across a range of potential 
favorites, chiefly e-ammonia, e-methanol, and e-methane, 
despite the need for the parallel scaling of direct air capture 
(DAC) for the latter two.

Aviation and steel are expected to capture a disproportionate 
share of green hydrogen and its derivatives, due to their higher 
price tolerance.

Other industries such as steel and chemicals also have structural 
advantages, including long-term policy support, more predictable 
demand profiles, and established offtake agreements.

This intensifies the deadlock: even as fuels become 
technologically viable, access and affordability for shipping 
remain uncertain.

For shipping, which cannot pass fuel premiums easily onto 
consumers, this creates the risk of being consistently outbid.

Eero Lehtovaara (SVP, Head of Regulatory and Public Affairs, ABB 
Marine & Ports) says,

“The shipping industry has been the dumpster; you’re scraping 
the bottom of the barrel to burn on ships.

From energy distribution, from usage of that material, that’s 
been fantastic.

And now suddenly we are expecting to be part of the top 
of the line, competing with houses and cars and industries 
and aviation.

”Simultaneously, hydrogen developers are pursuing economies of 
scale to bring down the capex intensity and price point.

Developers are currently planning mega-scale projects that 
explicitly target shipping demand.

Isabelle Ireland (Head of Corporate Operations, InterContinental 
Energy) says the company is focused on:

“building very large-scale green hydrogen projects, which can 
produce ammonia.

”

Referring to the Western Green Energy Hub (WGEH) project, she 
highlighted that the project at full build could produce up to 28 
million tons of green ammonia per year. The project would come 
online in phases, with the first phase expected by the mid-2030s.

“This project could offer a viable fuel option for 
shipping decarbonization.

”InterContinental Energy’s proposed green ammonia hubs in 
Australia, Oman, and Saudi Arabia, are designed to produce tens 
of millions of tons by the mid-2030s.

These are supported by new dedicated renewable energy 
clusters to avoid competing with national grids.

Yet, such projects still require long-term offtake commitments and 
policy stability that shipping has so far struggled to provide.

The 2030s represent both opportunity and risk, as commercial 
standards must evolve to support a new kind of business model.

On the one hand, the hydrogen economy begins to scale in 
earnest, making e-fuels and ammonia available in volumes 
previously unimaginable.

And then, without offtake guarantees, even giga-scale hubs 
cannot reach the necessary investment thresholds.

Unless cross-sector coordination is achieved, the industry may 
find itself locked into hybrid or transitional fuels while other 
sectors advance.

This dynamic sets the stage for the 2040s and 2050s, when the 
field narrows to the most scalable long-term winners.

B. �This is the period in which the so-called “hydrogen economy” 
begins to materialize
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Hydrogen has the potential to remap energy geographies, 
reshaping the economic balance in the global port ecosystem.

Remote coastal deserts with abundant solar and wind resources 
may emerge as production hubs for large-scale hydrogen.

At the same time, established trade corridors that already 
generate strong, cross-sector demand for hydrogen-based 
fuels, and meet the location criteria for major hubs, are 
positioned for early adoption.

Port of Singapore becomes a 
frontrunner for cross-sector 
green ammonia
The iron ore corridor from Australia to China, with a refueling 
stop in Singapore, illustrates this dynamic.

Singapore has long been the world’s largest bunkering hub, 
supported by extensive fuel oil infrastructure and the lowest 
regional prices in Southeast Asia.

Yet, in a future where Australia emerges as a major hydrogen 
export powerhouse, will Singapore remain the most 
important stopover?

To defend its position, Singapore has already issued its first 
ammonia import order.

In December 2022, the Energy Market Authority (EMA) and the 
Maritime and Port Authority (MPA) launched an expression 

of interest to develop an end-to-end green ammonia power 
generation and bunkering solution on Jurong Island.63

Crucially, this ammonia order aggregates demand 
across sectors.

It includes generating 55–65 MW of electricity from green 
ammonia and developing bunkering capacity of at least 
100,000 metric tons per year.64 65

Singapore’s National Hydrogen Strategy underpins this cross-
sector hydrogen and e-fuel approach, positioning hydrogen 
as a key carbon-neutral energy pathway that could supply up 
to 50% of national power needs by 2050, while supporting 
decarbonization in sectors such as maritime and aviation.66

Singapore’s ammonia initiative demonstrates the strength 
of a cross-sector approach to scaling hydrogen and e-fuel 
development, offering an early model for broader adoption in 
the 2030s.

However, even as hydrogen and e-fuels scale in the 2030s, fossil 
fuels will inevitably remain in the mix.

Given commercial hurdles, the gradual pace of hydrogen scale-
up, and the continued reliance on fossil fuels to drive economic 
growth in key economies like India, the 2030s will not witness a 
simple substitution of fossil fuels.

This underscores the critical importance of developing carbon 
capture and storage (CCS/CCUS) in parallel with hydrogen, to 
realistically enable a net zero pathway by 2050.



33 Deadlock: What’s stopping shipping’s carbon-neutral fuel transition?

	 iii.	� Hydrogen: only possible and affordable at scale, 
and in different locations than conventional 
energy pools?

Competition for hydrogen is not only between sectors.

It is also between regions, as the geography of energy production 
shifts away from fossil basins and toward renewable-rich 
locations in new parts of the world.

It becomes clear that traditional oil- and gas-rich nations, 
whose economies have been nurtured by the fossil era, are also 
confronting a paradigm shift.

	 iv.	� The fuel geography of future energy is not the 
fuel geography of the past.

Fossil basins and shipping lanes that once defined global energy 
security are no longer the key anchor points in the global 
energy system.
•	 In a hydrogen economy, energy flows expand toward regions 

with abundant renewable electricity, cheap land, and 
political stability.

•	 This represents not a simple replacement of the fossil fuel map, 
but an expansion of the geography of energy.

•	 The Middle East remains central, with projects such as 
Saudi Arabia’s NEOM Oxagon positioning the region as a 
hydrogen leader.

•	 At the same time, new players with abundant solar and wind, 
countries like Australia, Brazil, Chile, and China also emerge as 
likely hydrogen powerhouse producers.

•	 Markets where space and renewable energy resources 
are abundant, and with supportive policy and regulatory 
incentives, stand to attract the greatest investment potential.

Isabelle Ireland (InterContinental Energy) says,

“Our CEO was a very early mover in that respect. Over ten years 
ago he located the optimum areas for solar and wind profiles 
and thus founded ICE’s projects which are on coastal deserts.

InterContinental Energy, alongside its partners, is building very 
large-scale green hydrogen projects; two based in Western 
Australia and one in Oman. The three projects combined will 
have up to 120 GW of installed renewables capacity.

”The scale of these projects is comparable to major oil and 
gas developments.
•	 The Western Green Energy Hub (WGEH) in Western Australia, is 

designed for 70 gigawatts of renewable capacity, producing 
several million tons of green ammonia annually.67

•	 The Asian Renewable Energy Hub (AREH), also in Australia, 
targets around 9 million tons of ammonia output per year.68

	 v.	� Hydrogen hubs are among the largest renewable 
energy investments ever conceived, representing 
a new industrial geography built on hydrogen 
rather than hydrocarbons.

Alexandra Ebbinghaus (Shell Marine) says,

“Really the policy is determining where you produce things, 
whether you have an import or export, and more to the point, 
whether there is any demand.

If you have the policy in place to produce and you don’t have it 
on the demand side, it still wouldn’t pay because nobody would 
buy the hydrogen from you.

Whether incentives or penalties, you need something to 
address the gap. You can have the stick or the carrot, but 
without those you cannot make it work. 

Policies are either on the production side or the demand side. 
You get supply incentives or demand incentives, and really the 
highest chance of success is where you have both.

”This highlights the dual geography of hydrogen: remote supply 
hubs and industrial demand hubs.

The first are in places like Western Australia, Oman, and Saudi 
Arabia, where renewable resources are concentrated.

The second are in industrial clusters around Europe, East Asia, 
and North America, where energy-intensive users are located.

The challenge is to connect these supply and demand centers 
with new shipping routes, pipelines, and port infrastructure.

Yet geography and infrastructure are only part of the challenge.

Even where supply hubs are ready and resources are abundant, 
projects cannot advance without guaranteed demand.

The real bottleneck is coordination.

Buyers, producers, and policymakers must move in step rather 
than wait for others to act.



34 Deadlock: What’s stopping shipping’s carbon-neutral fuel transition?

	 vi.	� The new global hydrogen coordination challenge.

Even though the industry broadly agrees that hydrogen will 
underpin long-term decarbonization, the pathway to get there 
is fragmented.
•	 Shipowners hedge across multiple fuels

•	 Charterers resist long-term commitments

•	 Fuel providers demand guaranteed offtake before investing.

The result is a coordination deadlock: producers wait for 
offtakers, offtakers wait for price certainty, and policymakers 
hesitate to move until markets do.

Hydrogen projects face five interlocking barriers, stemming 
from the absence of effective cross-sector coordination.

	 vii.	�Combined aggregated demand and economy of 
scale is the greatest linchpin.

Building hydrogen at small scale is uneconomic. Giga-scale plants 
require aggregated demand across sectors, long-term offtake, 
price certainty, and policy stability.

Yet each sector waits for others to commit, fragmenting demand 
and preventing the critical mass needed to unlock financing.

Shell’s own experience showed that lining up demand from 
a single industry was insufficient; without cross-sector 
aggregation, the business case simply did not work.

	 viii. �Contracts must be fit for purpose.

Conventional short-term or volume-flexible agreements, familiar 
from fossil markets, are structurally unsuitable for hydrogen 
because they cannot support the capital intensity or long 
payback periods of new projects. Multi-decade offtake contracts 
are required, but no single sector – much less a single company – 
is willing to shoulder that burden alone. Coordinated multi-sector 
contracts would spread risk and create the certainty developers 
need, yet these instruments have not been developed.

	 ix.	� Timelines are long, from inception to delivery.

Hydrogen-based e-fuel projects typically require four to six years 
from final investment decision to first operations, while biofuels 
take three to five years.

Even projects reaching FID today will not deliver significant 
volumes by 2030.

This timeline pressure makes cross-sector action even 
more urgent.

Unless industries move together now, none will have access to 
meaningful volumes when they are needed.

Long-term (2040s to 2050): e-fuels, ammonia, and 
the nuclear niche

By the 2040s, industry consensus suggests that e-fuels and 
ammonia will dominate the maritime fuel mix, driven by their 
scalability and alignment with the hydrogen economy.

The assumption is not that every fuel survives, but that the 
industry gradually converges on the most mature, low-emission, 
and cost-effective options.

Given the enormity of the energy transition challenge from now 
to 2050, few stakeholders are currently contemplating the period 
beyond 2050.

Those that do, envision an eventual narrowing of pathways to 
favor those options with the greatest economies of scale.

Bo Cerup-Simonsen (Mærsk Mc-Kinney Møller Center) says,

“Beyond 2050… there could be a narrowing. When the world 
decides to decarbonize and this starts to scale.

Ammonia, at least, is the most, let’s say, sustainable and 
scalable fuel we see at the moment. When that all starts to 
scale, that could become available and the winner.

But it takes quite a long time before this is sufficiently mature, 
due to the safety concerns around ammonia.

”Dominik Schneiter (CEO, WinGD) adds,

“If the target is to decarbonize, ammonia seems to be the best 
solution simply by chemistry. If ammonia is made available in big 
volumes, it becomes very cheap as well. That could be the fuel 
of the future.

”Nuclear also re-emerges in some discussions, not as a 
mainstream option but as a potential niche.

Martin Crawford-Brunt (Lookout Maritime) also points out,

“We need to be serious about nuclear as a propulsion option. It 
has powered submarines and naval vessels for decades. Why 
should commercial shipping not explore it as well?

”Proponents point to its decades of use in submarines and 
naval vessels, while critics emphasize that the risks – storms, 
piracy, cyberattacks – are multiplied at sea compared to 
land-based reactors.

Even if viable at small scale for ships, the perception and 
reliable management and mitigation of such risk remains a 
formidable barrier.

Ammonia and e-fuels appear most likely to emerge as scalable 
options, with nuclear occupying a limited role. 

Yet the pathway to this point is not predetermined.

It depends on bold commitments, coordinated demand, and 
the ability of the industry to overcome decades of hedging 
and fragmentation.

By the mid-century, therefore, fuel pathways narrow, but not to 
a single option.
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What matters more than the eventual winner is the system-level 
transformation taking place as hydrogen becomes the foundation 
of decarbonization.

The following sections explore this transformation in depth:

•	 The emergence of a hydrogen economy as the backbone of 
net zero

•	 The new paradigm of competition for fuels across sectors

•	 The shift in geography and scale of energy production

•	 The coordination challenges that stall progress

•	 The alliances required to overcome them

•	 And finally, the role of the IMO’s 2030 checkpoint as a catalyst 
for early momentum.

Together, these facets reveal the profound restructuring 
underway as shipping and other hard-to-abate sectors transition 
from fossil fuels to hydrogen-based energy.

	 x.	� The hydrogen economy: the foundation of a 
completed energy transition and the achievement 
of net zero

Despite the diversity of pathways and the absence of a single, 
dominant winner in the foreseeable future, one conclusion 
emerges across nearly all stakeholder discussions: hydrogen as 
the green molecule at the core of every long-term pathway.

Ammonia, methanol, and methane are only carriers; hydrogen is 
the feedstock that underpins them.

For industries that cannot electrify directly, including 
shipping, aviation, steel, cement, and chemicals, hydrogen 
is indispensable.

Together, these hard-to-abate sectors account for more 
than 70% of global greenhouse gas emissions, which makes 
hydrogen essential not just for shipping but for the entire 
decarbonization challenge.

A functioning hydrogen economy is not optional; it is 
the only way net zero can be reached by 2050

For shipping and other hard-to-abate sectors, the hydrogen 
economy is not a parallel energy system but the foundation of a 
scalable, long-lived carbon-neutral fuel supply.

Without its development, neither shipping nor other heavy 
industries can reach net zero by 2050.

Yet if hydrogen is the foundation of the transition, access to it is 
far from guaranteed.

As production begins to scale, shipping faces a new reality: for 
the first time, it must compete directly with other sectors for the 
same fuel.

What is the hydrogen economy?69

The term hydrogen economy describes hydrogen as an 
emerging system-level energy carrier that underpins cross-
sector decarbonization. In practice, this means large-scale 
production, storage, transport, and use of hydrogen and 
hydrogen-derived fuels such as e-ammonia, e-methanol, 
and e-methane.70

Hydrogen is essential because it can decarbonize industries 
that cannot be electrified directly. Together, these include 
shipping, aviation, steel, cement, chemicals, power 
generation, and agriculture; sectors that account for more 
than 70% of global greenhouse gas emissions.71

The scale of demand required depends heavily on 
climate ambition.

In 1.5°C scenarios, global hydrogen use must rise to between 
200 and 600 million tons per year by 2050. In 2°C pathways, 
demand falls between 160 and 490 million tons, averaging 
around 330 million tons.

Current policies consistent with >3°C outcomes would see 
only 150–200 million tons.

A functioning hydrogen economy requires:

Production at scale: green hydrogen from renewable 
electricity, produced through large-scale electrolysis.

Cross-sector demand aggregation: coordinated offtake from 
multiple hard-to-abate industries to justify investment and 
bring costs down.

Infrastructure build-out: pipelines, port bunkering, shipping 
terminals, storage, and safety systems.

Policy stability and incentives: to overcome high capital 
costs and long payback periods, comparable to those that 
scaled solar and wind power.72

The power requirements are unprecedented.

Hydrogen electrolysis alone could require as much as 
25,000 terawatt-hours of electricity73 in optimistic scenarios, 
exceeding even the tripling of global renewables pledged 
at COP28.74

For shipping to fully decarbonize using e-methanol or 
e-ammonia would absorb the equivalent of 8–10 years of 
today’s entire global installed renewable capacity.
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C. �The shift to a hydrogen economy and e-fuels heralds a new fuel 
paradigm for shipping: competition

	 xi.	� No longer is shipping the exclusive patron of its 
own supply in the global fuel mix.

Shipping is not accustomed to operating on more expensive fuels.

However, unlike aviation, where demand is highly cost-sensitive, 
shipping demand is relatively inelastic. So, higher fuel prices are 
unlikely to reduce volumes, as shipping will still be the cheapest 
way to move goods globally.

If global regulation levels the playing field, competition within 
shipping may therefore continue much as it does today, with the 
main change being a shift in fuel type.

The bigger challenge is that shipping will not be 
competing alone.

Other sectors will also draw on the global hydrogen and e-fuel 
supply, and production will not always come from traditional 
fossil-fuel geographies.

Even within shipping, this creates a new dynamic in fuel 
procurement, as the sector must queue alongside industries 
whose business models already accommodate higher fuel costs.

Chief amongst them is aviation.

Dominik Schneiter (WinGD) says,

“If shipping and aviation could work together… that would be a 
game changer. I think shipping alone is too small.

Amsterdam is a good example because you have a major airport 
nearby with Schiphol. You could supply SAF fuels to aviation, 
you could supply fuels to shipping.

”Didier de Beaumont (Commercial Manager Energy Cluster, Port 
of Amsterdam) adds,

“People say aviation will get it first because they can pay the 
highest price.

”The logic is straightforward: aviation can absorb higher fuel costs 
into ticket prices more easily than shipping can pass premiums on 
to freight rates.

Steel and chemical producers also benefit from long-term policy 
mandates and more predictable offtake, giving them structural 
advantages over shipping.

This creates a systemic imbalance.

Shipping, which historically relied on being the lowest-cost 
energy consumer, is now forced into direct competition with 
sectors that have stronger balance sheets and higher willingness 
to pay.

Bo Cerup-Simonsen (Mærsk Mc-Kinney Møller Center) says,

“Shipping companies are used to operating in a world where 
energy is abundant and nobody else wants it. That’s no 
longer the case. We are entering a future where shipping has 
to compete for renewable energy with other sectors, and it 
changes everything.

”	 xii.	�Despite not going electric, shipping also 
competes indirectly for electrons

The challenge goes beyond hydrogen to the very renewable 
electricity needed for electrolysis.

Every ton of green hydrogen requires massive amounts of power, 
and the same electrons are being sought by data centers, 
cleantech manufacturing, AI industries, and carbon capture.

By 2030, global data center power demand alone is projected to 
rise from about 55 gigawatts (GW) today to roughly 122 GW, an 
increase of 67 GW. That is equivalent to the output of about 67 
large nuclear reactors.75

For shipping, this means competing not only with other 
transport modes but with entire digital and industrial economies 
for the same scarce renewable resources.

The hydrogen shift does not just alter fuel bills; it reshapes 
shipping’s entire cost structure, operating models, and bargaining 
power within global supply chains.

With cross-sector aggregation, however, sectors can draw from 
the same hydrogen and renewable electricity backbone.



37 Deadlock: What’s stopping shipping’s carbon-neutral fuel transition?

	 xiii. �Shipping on its own cannot create sufficient 
demand signals to unlock multi-billion-dollar 
hydrogen investments.

Hydrogen is indispensable, and industrial backbones such as 
pipelines, storage, and port infrastructure are already being 
converted to carry it.

The scale of this conversion by nature implies delivery for 
multiple sectors.

In practice, however, sectors still plan for fuel futures in isolation, 
hedging across their own fuels rather than combining signals for 
the evolving hydrogen economy.

Aggregating demand across shipping, aviation, steel, chemicals, 
power, and agriculture, and synchronized policy frameworks to 
underpin that aggregated demand, can prevent projects from 
remaining stranded on paper.

With limited purchasing power and fragmented demand, the 
sector cannot de-risk giga-scale projects by itself.

To move forward, shipping must align with other heavy 
industries and transport sectors, pooling offtake volume to 
attract investment.

Aviation and shipping draw from the same renewable feedstocks 
and share similar infrastructure needs.

If aligned, they can create the scale to justify investment in 
ammonia and e-fuel production, storage, and bunkering.

Ports like Amsterdam, where major airports and shipping terminals 
coexist, could become anchor nodes for joint aviation–shipping 
demand aggregation.

Rene Cotting and Christian Pho (Smart Energy) point out,

“blended demand across aviation, industry, and power 
contributes to risk sharing, avoiding single supplier and single 
off-taker risks, drives economies of scale and helps bankability 
of new projects justifying early investments in green fuel 
supply chains.

This approach is essential to avoid the classical ‘chicken-and-
egg’ problem which would lead to non-bankable and therefore 
non-financeable projects.

”Dr Carsten Rolle (Secretary General of the World Energy Council 
Germany and Director of Energy and Climate Policy at the 
Federation of German Industries) say,

“We are building hydrogen networks not just for one sector, but 
as a backbone that multiple sectors can use.

Steel, chemicals, aviation, and shipping will all need it.

The whole point is aggregation – if each sector tries alone, 
none will succeed.

”Rolle’s point illustrates why alliances are indispensable.

Hydrogen infrastructure is already being planned as a multi-sector 
backbone, but unless industries combine their demand signals, 
those vertebrae will lack the certainty needed for investment.

	 xiv. �Cross-sector demand aggregation share 
risk and transforms fragmented signals into 
bankable offtakes.

Alexandra Ebbinghaus (Shell Marine) points out,

“Shipping is responsible for 3% of emissions, so 97% is coming 
from other sectors.

The thing is, if it’s just the shipping industry, then they will 
have to fund all the work. And it’s not shared between the 
different sectors.

Why isn’t it coming? And if it’s not coming forward for other 
sectors, why would the IMO be successful?

”Ebbinghaus’s point is incisive.

No sector has the scale or purchasing power to guarantee 
the volumes and long-term offtake signals needed to trigger 
hydrogen production.

Shipping cannot create sufficient demand signals to unlock the 
$2 to $3 trillion required in green hydrogen investment from now to 
2050, just to generate sufficient e-fuels to meet the IMO 2050 net 
zero goal.76

If aviation, where premium fuels are already the order of the day, 
cannot do so, then shipping, long consigned to the dregs of the 
global fuel mix, bought cheaply and opportunistically on the spot 
market, certainly cannot.

D	� Shipping can only succeed in securing green hydrogen feedstock 
if it coordinates with other sectors.
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Ebbinghaus goes on to explain why the uncertainties of cross-
sector partnerships could be minor, compared with the far 
greater risk of attempting to finance such capital-intensive 
projects alone.

“You take a risk with that, but if your investment is 200 million 
because you also have to pay for the storage and everything. 
Then you think, well, this is a really risky endeavor.

That’s where you need to consider is what is actually of interest 
to other sectors.

So, when you look at where is the cross-demand, people 
usually start with hydrogen, because that is the [feedstock] to 
be used.

There isn’t really any use for methanol in other industries, but 
you do have a huge natural gas base.

So, if you know how do you decarbonize with e-methane, then 
you do have a big pull.

”

Carsten Rolle (World Energy Council – Germany) also warned of 
the psychology that delays progress:

“This energy transition is about de-risking so many elements at 
once and in a somehow synchronized way.

There is a tendency of everyone to wait for the other to go the 
first step down to be on the safe side.

And if everyone behaves like that, it won’t function. It needs a 
little bit of courage to be not too early, but also not too late to 
get the whole thing going.

”The dynamics that block progress can also unlock it.

As Rolle emphasizes, hydrogen networks are being built as 
“backbones” for multiple sectors, not one.

The crushing competition for fuel can be transformed instead into 
a powerful collaboration across shipping, aviation, steel, power, 
agriculture and chemicals.

In that light, the critical mass of deadlock described in this 
report can be turned into a critical mass of opportunity for a net 
zero future.

If industries move together, backed by supply- and demand-side 
incentives, the very scale that now stalls investment can become 
the scale that makes hydrogen and e-fuels viable.

The first real test of whether shipping can translate coordination 
into action is approaching fast: the 2030 5% carbon-neutral fuel 
minimum target.

The IMO’s 2030 minimum fuel requirement is designed as a 
near-term checkpoint.

It will test whether shipping can adopt carbon-neutral fuels at 
scale, or whether coordination failure will continue to delay their 
arrival until the 2040s.

Stakeholders agree on one essential truth: green hydrogen is the 
foundation of the long-term maritime energy transition

Deadlock 2 examines the rise of large hydrogen hubs are 
reshaping the geography of fuel availability.

It also highlights how this could impact the global fleet flexibility 
on which global shipping – and 80 to 90% of global trade 
– depend.
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Deadlock 2: Concentrated fuel supply impacts global fleet flexibility

“The aim is to deliver green 
hydrogen and its derivatives 
at volumes that drive costs 
down, with the Western 
Green Energy Hub targeting 
under $650/tonne of green 
ammonia in its first phase, 
with further reductions for 
future phases.”
Isabelle Ireland (InterContinental Energy)

70-80%
of the global merchant fleet have business 
models dependent on flexible routing

“Am I going to stop in Cape 
Town on my way from Brazil 
to China, just because it has 
all the infrastructure built for 
bunkering the fuels I need?”
Paolo Tonon (Berge Bulk)

The concentrated geography 
of green hydrogen and e-fuels 
impacts the flexibility that has 
long defined global shipping
Container operators adapt to hub-based supply,  
bulk operators face new business challenges

30x

$650 per ton
Projected cost of green ammonia 
from hydrogen hubs with economy  
of scale the size of small nations, vs 
$500 per ton for conventional fuel

the landmass of 
Singapore = 1/10 the 
size of the UK
The largest planned 
hydrogen hub for green 
ammonia production
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A. �The economics of energy density

Achieving economies of scale is critical to catalyzing green 
hydrogen development. This is not only a supply-side requirement 
but also a condition for making e-fuels affordable to end users.

Scale becomes even more important because the leading e-fuels, 
e-methanol and e-ammonia, contain only about half the energy 
density of conventional marine fuels.

On an energy-adjusted basis, this means vessels need twice 
the tonnage of fuel for the same voyage, which significantly 
increases effective cost.

As Lynn Loo (GCMD) explains,

“When we compare fuels, you can compare tonnage because 
that’s how we buy fuels. But really for ships’ use, you want to 
compare them on an energy basis… because the energy density 
is different for these different fuels, you have to compare based 
on how much energy they use.

”Energy density matters because different shipping segments 
consume fuel in different ways.

For container services on fixed routes, lower energy density can 
be managed by planning more frequent bunkering at regular hubs.

Aviation faces a similar density and cost challenge with SAF 
compared to Jet A, and steel faces the premium of hydrogen 
over coal.

These parallel pressures are why aviation hubs and steel clusters 
can act as stabilizing demand anchors that improve supply 
economics for ports, which then benefits bulk segments.

For bulk shipping, which often operates on irregular 
and unpredictable routes, lower density translates into 
operational risk, higher costs, and reduced flexibility to pursue 
cargo opportunities.

Even under the IMO’s new two-tier compliance system, the 
affordability gap remains daunting.

Loo notes,

“In 2028, if we assume that the VLSFO price is $500 a ton, 
including that penalty, the effective price would be $1700 a ton 
of VLSFO.

And so, if we take that as sort of the baseline and try to figure 
out how much it costs per ton of ammonia, that translates to 
about $800 a ton of ammonia.

That does not give us enough to buy green ammonia.

We think green ammonia is going to be more expensive 
than that.

So that’s how much the reward units need to be specified, to 
give buyers confidence.

”
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From the developer perspective, Isabelle Ireland 
(InterContinental Energy) stresses the difficulty of closing 
this gap:

“The aim is to deliver green hydrogen and its derivatives at 
volumes that drive costs down, with the Western Green Energy 
Hub targeting under $650/tonne of green ammonia in its first 
phase, with further reductions for future phases.

”Yet she also cautioned that,

“from a density perspective, it’s roughly 2 to 1. So, if you look at 
the market for VLSFO … we’ve still got a way to go, which is why 
the adoption of the IMO Net Zero Framework and the details 
of the pricing mechanism and reward are key to the maritime 
industry’s adoption of zero or near zero fuels.

”These figures show the scale of the affordability gap. Even if 
ammonia production costs were reduced to $800 a ton by the 
2030s, adjusting for energy density would push the effective cost 
of usable energy closer to $1600 a ton.

This remains far above today’s $500 a ton for conventional 
fuels. Ireland’s projected $650 a ton green ammonia would still 
translate to about $1300 a ton on an energy-adjusted basis, 
excluding distribution.

For shipping segments that depend on long-haul flexibility, such 
as bulk operators, this price gap is particularly problematic.

Their business models depend on thin margins, unpredictable 
routing, and long distances between bunkering opportunities.

For container services, by contrast, predictable port calls make 
it easier to absorb higher costs and integrate lower-density fuels 
into planned infrastructure.

The economics of carbon-neutral fuels remain especially 
difficult for bulk shipping, which depends on long-haul flexibility 
and thin margins.

Without very large reductions in cost from massive renewable 
hydrogen hubs, these fuels will stay out of reach for 
bulk operators.

The next section examines how such hubs are being designed to 
concentrate wind and solar resources at a scale vast enough to 
drive fuel costs down.
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Among InterContinental 
Energy’s projects:
•	 Western Green Energy Hub (WGEH), Western Australia 

— Planned to deliver up to 28 million tons of green 
ammonia annually at full build, with the first phase 
(approx. 2 million tons) to come online in the mid-
2030s, powered by 70 GW of installed renewable 
capacity. “That kind of installed capacity will translate 
into a vast amount of ammonia,” says Isabelle Ireland.

•	 Australian Renewable Energy Hub (AREH), Pilbara, 
Australia — A 26 GW project located in the Pilbara, a 
global hub for iron ore and minerals, is well located to 
support the decarbonization of the region.

•	 Green Energy Oman (with Shell, OQ and Enertech) 
— Strategically positioned to serve both European 
and Asian markets with green hydrogen and 
its derivatives.

•	 Ireland compared these developments to “a jigsaw 
puzzle,” emphasizing that each project requires 
tailored solutions adapted to its geography and 
industrial partners.

B. �Nation-sized hydrogen hubs make economy of scale possible

To close the affordability gap described in the previous section, 
fuel production must achieve unprecedented economies 
of scale.

Developers such as InterContinental Energy are betting on a 
model that concentrates wind and solar resources into a handful 
of colossal renewable hydrogen hubs.

These hubs are designed to deliver green hydrogen and its 
derivatives at volumes that drive costs down to levels that can 
compete with fossil fuels.

Isabelle Ireland (InterContinental Energy) emphasizes the 
scale, saying,

“The largest one is about 30 times the land mass of Singapore.

”ICE hubs in Western Australia, Oman, and Saudi Arabia are 
designed to concentrate wind and solar potential at a scale vast 
enough to drive costs down to the levels she described, creating 
nation-sized anchors for the hydrogen and ammonia economy. These colossal regional projects are strategically positioned to 

serve major container and bulk trade routes.

Container lines operate on fixed schedules between major 
ports, making scale and predictability natural allies of their 
business models.

They can plan bunkering at hubs that match their port rotations 
and justify infrastructure investments where vessels call regularly.

For bulk shipping, however, the picture becomes considerably 
more complex.

The next section examines these operational divides in more 
detail, and how different fleet segments face very different 
decarbonization pathways.
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C. �Fuel transition divide: containers adapt, bulk ships struggle

The energy transition will not reshape all shipping segments 
equally. Container operators and bulk operators face 
fundamentally different challenges because of how their 
fleets operate.

Bulk vessels operate without fixed routes, chasing cargo 
opportunities wherever they arise. Their business model depends 
on fuel availability across dispersed geographies – requiring 
access to the roughly 200–400 existing bunkering ports of 
varying size that they call at today.

While mega-hydrogen hubs can reduce production costs, they 
cannot substitute for shipping’s current geographic flexibility.

Unless e-fuel production extends well beyond nation-sized hubs, 
bulk operators will face higher costs, longer diversions, and 
reduced competitiveness.

This geographic concentration creates new vulnerabilities 
precisely where bulk operators need maximum flexibility.

Lynn Loo (GCMD) points out that,

“There are segments where it’s more conducive for one to think 
about certain fuels than others...

The segment that’s going to have the hardest time of all is 
probably the bulk shipping segment...

It’s more challenging for them to predict where they’re going to 
call and therefore harder for them to project what fuel they will 
be on.

”For shipowners, this creates a commercial dilemma. Committing 
to long-term fuel agreements effectively locks in their trading 
books, even though they cannot predict where ships will 
be operating.

As Jacqueline Chao (Sustainability Director, Wah Kwong 
Maritime) explains,

“The unpredictable routes of bulk trades adds an additional 
level of complexity, requiring a global network of ports to have 
facilities for carbon-neutral fuels.

”The contrast between containers and bulk creates a divide within 
shipping’s decarbonization efforts.

Containers can work with hubs and scheduled infrastructure, 
but bulk shipping must preserve the ability to operate wherever 
cargoes require.

Paolo Tonon (Berge Bulk) says,

“Am I going to stop in Cape Town on my way from Brazil to China, 
just because it has all the infrastructure built for bunkering the 
fuels I need?

If that is the case, my famous 45 days of sailing between Brazil 
and China might become 55.

”An additional 10 days on a voyage represents a 22% increase in 
sailing time.
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D. �Market and charter impacts

For bulk ships, this reduces fleet capacity, precisely when 
global trade demands more vessels, worsening costs 
and competitiveness.

This divide shows how carbon-neutral fuel availability better 
aligns with container operations and hits a barrier when it 
comes to bulk shipping, which represents the majority of the 
global fleet (70-80% of the ships in the merchant fleet of 
around 100,000).77

Fleet segments and fuel divides
•	 Containers: predictable routes, easier to lock into hub supply.

•	 Bulk: unpredictable routes, harder to commit to hub supply.

•	 Cross-sector parallel: aviation and steel provide steady, 
predictable demand that can stabilize hub economics and 
extend benefits to bulk.

Containers can adapt to geographically concentrated fuel hubs, 
while bulk operators face reduced flexibility, longer voyages, and 
higher costs.

The next section explores how these pressures ripple into 
charter rates and the broader economics of shipping.

The impact of fuel geography extends beyond operations to 
charter rates and broader shipping economics.

Container and bulk operators face fundamentally 
different exposures.

Container operators benefit from long-term contracts, making 
it easier to pass fuel costs into freight rates and negotiate 
infrastructure investment at major hubs where their fleets already 
call regularly.

Bulk fleets, conversely, operate in volatile spot markets where 
margins are thin and charterers are reluctant to pay premiums for 
uncertain fuel availability. This creates risk for owners who must 
decide on vessel design and fuel capability years before knowing 
what trades their ships will serve.

This mirrors steel’s exposure to commodity cycles and aviation’s 
reliance on ticket price elasticity. The solution in all cases 
is coordinated offtake that lowers per-unit cost and creates 
reliable availability.

As Jacqueline Chao (Wah Kwong Shipping) explains, the 
decarbonization pathway will have to be phased, because any 
expenditure on the ship,

“is ultimately recouped in the charter rate, and decisions cannot 
be independent of commercial considerations.

”Martin Crawford-Brunt (Lookout Maritime) warns against simple 
solutions, noting that bulk trade cannot be reshaped into a strict 
hub-and-spoke model without significant inefficiencies.

Offshore cargo transfers in open waters while done remain 
uncommon in bulk markets, and replicating those operations to 
support new fuels could be both costly and hazardous.

He suggests instead that regional demand aggregation will 
emerge around major hubs, following an 80-20 logic.

“You are not going to get ammonia bunkering for on a bulk carrier 
travelling far upriver in Brazil for a while, and maybe not ever.

This means you will get aggregation; you will get pools 
developing, and you will figure out how to handle your 
emissions that way… deploying your vessels in the most 
efficient way you can.

Ultimately, ships will still have to go to where the cargoes are.

”While bulk ships today often refuel offshore to avoid port costs, 
the greater hazards of e-fuels like ammonia and hydrogen may 
make such operations unfeasible, removing a flexibility the 
industry has long relied on.
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The lower energy density of ammonia and methanol compounds 
these pressures.

Vessels will need to bunker more frequently, increasing port calls 
and reducing flexibility to arbitrage between trades.

For containers, this can be built into planned schedules.

For bulk, it represents lost capacity and higher costs.

These realities show how fuel geography feeds directly into 
market outcomes.

Container operators can manage higher costs within 
predictable contracts.

However, bulk operators are directly affected by where fuels are 
available, how much longer voyages take when diversions are 
required, and how volatile charter rates become as a result. 

These commercial pressures make clear that individual 
company and even industry strategies cannot resolve the fuel 
geography challenge.

Concentrated hubs become an advantage if they serve multiple 
sectors at once.

Aviation’s hub demand and steel’s steady industrial demand can 
anchor supply at ports.

Shipping can then connect to these clusters and preserve a 
greater degree of fleet flexibility, without losing access to supply 
through a larger set of viable nodes.

The next section examines how competitive pressures demand 
collective industry solutions.

	 xv. �Competitive pressures demand collective 
industry solutions

The commercial pressures created by fuel geography cannot be 
solved by individual companies.

While many operators are investing heavily in dual-fuel vessels, 
efficiency retrofits, and pilot projects, the scale of infrastructure 
needed cannot be delivered piecemeal.

The economics of hydrogen and its derivatives require 
aggregation across sectors, but within shipping itself collective 
strategies are also essential.

Competitive pressures make coordination difficult.

Owners and operators seek to differentiate themselves by 
hedging fuel choices, protecting margins, and avoiding long-term 
commitments that might prove uncompetitive.

This individual rationality is commercially logical, but 
collectively it creates inefficiencies, fragmentation, and weak 
demand signals.

Fuel producers cannot move to final investment decision if the 
industry remains divided across pathways.

Paolo Tonon (Berge Bulk) stresses the mindset shift that 
is needed.

“Instead of only considering ourselves stewards of a specific 
company, we should also consider working more closely 
together as stewards of shipping at large.

”He adds,

“When we come together on smaller things and learn how to 
make that collaboration work, then we can tackle the larger 
challenge of collaborating not only within the industry but 
across sectors.

”

The new geography of carbon-neutral fuels reduces the flexibility 
that has long defined global shipping.

If shipping responds only with fragmented, company-by-company 
strategies, the bulk segment in particular will face severe barriers 
to decarbonization and the use of carbon-neutral fuels.

Only collective action can align investment, create demand 
aggregation, and ensure that fuels are available at the locations 
and scale needed.

In short, fuel geography and fleet segmentation together threaten 
the current extreme flexibility on which fuel- and cost-efficient 
global trade depends.

For container operators, fixed routes make adaptation possible.

But for bulk operators, geographically constrained fuel availability 
risks slowing decarbonization or forcing costly diversions that 
undermine competitiveness.

This sets the stage for the next deadlock: the green finance 
paradox, where abundant capital exists but remains locked away 
from shipping’s transition.
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Deadlock 3: The green finance paradox

$14.5 billion
			    �Amount of ESG funds earmarked for 

shipping since 2018, out of $3.5 trillion 
total global ESG assets under management

“Without long-term offtake and cost visibility, 
financiers simply won’t take the risk. We’ve 
seen this again and again.”
Eman Abdalla (Cargill)

“In the past the energy companies and the 
bunker traders have been dealing with the 
risk, since fuel is today a commodity. They 
do this confidently, but we are stepping into 
a new territory where nobody is willing to take 
that risk.”
Bo Cerup-Simonsen (Mærsk Mc-Kinney Møller Center for 
Zero Carbon Shipping)

“There’s a lot of green money wanting 
to be invested but constantly changing 
government policies create additional 
investment uncertainty.”
Didier de Beaumont (Port of Amsterdam)

“Investments in hydrogen or synthetic fuels are 
on scales that require decades of certainty. 
You simply don’t get that in shipping, where 
even contracts of a few years are rare… We 
need aggregated demand and long-term 
certainty, otherwise projects will simply not 
go ahead.”
Alexandra Ebbinghaus (Shell Marine)
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A. �Green capital exists, but shipping’s overall business model 
is ill-suited to securing it

Global finance has been mobilized for the energy transition. 
Hundreds of billions of dollars have been earmarked for ESG-
compliant investment, and banks face mounting pressure to 
demonstrate climate-aligned portfolios.

Yet maritime decarbonization projects repeatedly fail to qualify.

The issue is not a shortage of capital, but the difficulty of 
reconciling shipping’s realities with the risk-return requirements of 
green finance.

Didier de Beaumont (Port of Amsterdam) says,

“There’s a lot of green money wanting to be invested but 
constantly changing government policies create additional 
investment uncertainty.

”For investors, predictable returns and proven technologies are 
essential before capital can flow.

Shipping’s energy transition offers neither.

Instead, it involves;

•	 Untested supply chains

•	 Volatile fuel costs

•	 Uncertain demand signals

Professor Stefan Michel (Dean of Faculty and Research, IMD) 
frames the issue in business terms.

“Net zero is good because it saves the planet. It’s a 
good argument.

But for a firm, especially publicly listed, it’s not good enough.

You also need to show the business case behind net zero. To 
do that, you need to have data.

”From the perspective of a major charterer, Eman Abdalla (Cargill) 
stresses the financing reality.

“Without long-term offtake and cost visibility, financiers simply 
won’t take the risk.

We’ve seen this again and again.

”

Dominik Schneiter (WinGD) observes,

“When starting a newbuilding project now, owners think about 
retrofits for new fuels that they will have to potentially make at 
the first dry dock, and then incrementally from dry dock to dry 
dock about what major retrofits will be needed.

In most cases, whatever an owner invests to maintain asset 
value must be balanced by return on investment. We have often 
discussed big fuel retrofits only for owners to come back and 
say let’s do a propeller retuning or engine derating.

The investment is considerably lower, payback is within two to 
three years, and it covers compliance for the next five years.

They would rather take a low risk retrofit, do what is needed for 
the next five years, then in five years decide again.

”Another factor is hydrogen’s cross-sector role. Financing 
hydrogen requires pulling together the balance sheets of 
multiple industries.
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No individual sector is large enough, or certain enough in its 
demand, to underwrite investments on the $9 trillion scale 
required through 2050.78

This fragmentation helps explain why hundreds of billions in ESG 
finance remain idle, while hydrogen developers cannot reach final 
investment decision.

Taken together, these perspectives underline the same reality.

The abundance of green money does not translate into finance 
for carbon-neutral fuels in shipping, because the sector cannot 
yet deliver the long-term certainty, transparency, and commercial 
alignment that investors require.

In addition, compared to other sectors, shipping’s ESG reporting 
has been less comprehensive and standardized, making investors 
question the impact of decarbonization measures. Short-term 
return expectations magnify the disconnect.

Despite these digital advances, until the underlying split 
incentives are resolved, shipping will remain paradoxically 
capital-poor in the middle of an ostensibly capital-rich transition.

This financing gap is not only about mentality. It is also rooted 
in the structure of the shipping value chain, where the party 
that makes the investment decisions is not the same as the one 
paying for the fuel.

These split incentives create further barriers to long-term 
commitments and will be the focus of the next section.

Digital platforms bridge the 
accountability gap
Digital tools and advisory platforms are beginning 
to address shipping’s ESG challenge, delivering the 
comprehensive reporting and standardization that 
investors have found lacking. These systems provide 
end-to-end transparency by measuring fuel consumption, 
emissions, and efficiency savings in real time, creating 
the reliable data foundation that has been absent from 
shipping’s decarbonization narrative.

The technology enables accurate Carbon Intensity 
Indicator forecasting, standardized emissions reporting, 
and fleetwide optimization across different fuels and 
regulatory frameworks. For the first time, owners, 
charterers, and bridge crews can see precisely who 
benefits from fuel-saving measures, transforming 
abstract sustainability commitments into measurable 
commercial outcomes.

Whilst these digital solutions cannot resolve the 
fundamental split between those who invest in green 
technology and those who pay for fuel, they establish 
the standardized metrics and transparent reporting 
that investors require to assess decarbonization impact 
with confidence.
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The financing gap is not only a matter of short-term mentality. It 
is also rooted in how responsibilities and incentives are divided 
across the shipping value chain.

In many cases, the party making long-term investment decisions 
is not the same as the one paying for the fuel.

As with efficiency retrofits, this structural divide also weakens the 
business case for future carbon-neutral fuels.

Bo Cerup-Simonsen (Mærsk Mc-Kinney Møller Center) says,

“In the past the energy companies and the bunker traders have 
been dealing with the risk, since fuel is today a commodity.

They do this confidently, but we are stepping into a new territory 
where nobody is willing to take that risk.

”The paradox is that while shipowners decide on vessel 
specifications, engines, and fuel systems, it is often charterers or 
cargo owners who ultimately pay for the fuel.

Tore Longva (DNV) explains,

“The fuel supplier needs the ship owner on their side, but often 
it is the cargo owner who pays for the fuel, so they need to be 
involved too.

”

This creates a split incentive that undermines investment in both 
efficiency improvements and new fuel technologies.

Owners lack a direct financial incentive to commit capital to fuel 
systems or efficiency technologies, because the resulting savings 
reduce charterers’ operating costs rather than their own.

At the same time, charterers lack authority over vessel design 
and specifications, even though these choices determine their 
fuel exposure.

The result is underinvestment in efficiency measures and new 
fuel capabilities.

Because incentives are split, shipowners also struggle to form 
direct relationships with fuel producers.

This further hinders establishment of the long term offtake 
agreements developers need to reach final investment decision.

At the same time, investors see a lack of alignment across the 
value chain and discount the credibility of demand signals.

Eero Lehtovaara (ABB Marine & Ports) underscores the 
uncertainty for operators.

“A shipping company is looking at typically 20 to 25% of its cost 
base going to fuels.

Now if you triple or quadruple that, obviously you are looking at 
a major risk to a shipping company.

”

He adds, individual operators

“do not know which port they are going into, which makes 
it impossible to commit to long-term carbon-neutral 
fuel contracts.

”Financing hydrogen at scale requires aligning the balance sheets 
of multiple industries.

Without this coordination, each sector waits for another to move 
first, reinforcing the deadlock.

Split incentives across the shipping value chain therefore magnify 
the paradox of green finance.

Abundant capital exists, but the absence of clear responsibility 
for risk-sharing and long-term offtake prevents it from flowing 
into projects.

Without coordinated commitments across shipowners, 
charterers, and cargo owners, supported by parallel demand 
from other sectors, shipping will remain unable to translate 
capital abundance into scalable fuel investment.

B. �Split incentives across the shipping value chain
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Large shipping companies hedge against uncertainty by ordering 
dual-fuel vessels across LNG, methanol, and ammonia.

While rational at the corporate level, this fragments demand and 
prevents the concentrated offtake producers need to reach final 
investment decision.

Jacqueline Chao (Wah Kwong) says,

“Initially, we will likely have a portfolio of alternative fuels 
for propulsion until one becomes a clear leader… and as 
shipowners our aim to is to build in as much flexibility in our new 
buildings as possible in order to be able to adapt.

”Lynn Loo (GCMD) says,

“We see the future as a mixed fuel future… from a portfolio of 
fossil fuels to a portfolio of alternatives.

”This flexibility comes at a cost. Fuel producers cannot secure 
long-term offtake if demand is spread thinly across multiple 
pathways. The result is that projects remain announced but 
not built.

	 i.	� Oil and gas majors on hydrogen: insufficient 
business case

The hesitation of oil and gas majors underscores the weakness 
of today’s business case for hydrogen and e-fuels.

These companies are uniquely positioned: they have the 
engineering expertise, global value chains, and balance sheet 
strength to deliver multi-billion-dollar projects.

Yet despite this capability, most majors have slowed or shelved 
large-scale green hydrogen ventures, not only because shipping 
cannot afford it, but because no single sector can.

Alexandra Ebbinghaus (Shell Marine) says,

“We do have incentives to use [hydrogen] in refining, but there 
isn’t the pull from other sectors.

So, when you say, there’s no synthetic [fuel], we do have a 
very, very small production of e-methane. But you don’t get the 
offtake contract.

You know people want it, but it’s too expensive, because you 
don’t have the demand incentives going forward.

And this is why so many projects fail, because they need offtake 
contracts, and there it [doesn’t work].

”She emphasizes the underlying problem of long-term certainty for 
shipping fuels,

“Investments in hydrogen or synthetic fuels are on scales that 
require decades of certainty. You simply don’t get that in 
shipping, where even contracts of a few years are rare.

”Diving further into the mismatch between traditional fuel 
contracts in shipping, and the prerequisite contractual needs 
for capex-heavy future carbon-neutral fuel production, 
she continues,

“So when you look at methane, what do your customers want to 
achieve? 

They have a target to achieve a reduction in carbon intensity. 
Biomethane is significantly cheaper than e-methane and 
has a lower carbon intensity than e-methane when it comes 
from manure.

If you were a customer, why would you go for something which 
is perhaps three times more expensive and gives you less 
benefit? Unless you want to make a statement.

Therefore, you get a lot of trials where people say, ‘I’m the first 
user, I’ve shown it works.’ And then you say, ‘So, what’s next?’

Nothing, because people are not prepared. It’s one thing to 
say, ‘I will buy 600 tons.’ [It’s another] to say I want an offtake 
contract of 10,000 tons a year.

”She puts the business dilemma in simple terms,

“For oil and gas companies, a $10 billion investment in hydrogen 
must compete with a $10 billion investment in LNG or oil where 
the returns are higher and clearer. At present, the hydrogen 
projects simply don’t clear that bar.

”For majors, these risks translate into fear of 
capital misallocation.

Committing billions to the wrong pathway would be a 
strategic error.

Without clarity on which fuel will dominate, it is safer to wait.

C. �Hedging strategies fragment demand signals
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	 ii.	� Ripple effects of wait-and-see approach

This wait-and-see approach has ripple effects across the energy 
transition landscape.

Without majors as cornerstone investors or offtakers, 
independent developers cannot match the balance sheet 
strength needed for giga-scale projects.

Their ventures stall without sufficient offtake.

Isabelle Ireland (InterContinental Energy) explains the knock-on 
effect of this hesitation,

“If people are looking to have product by 2030, there is a 
requirement for planning and commitment for it to come online 
by that time.

For projects to be financed, they will need to have sufficient 
offtake in place.

”The ripple effect of a wait-and-see approach is paralysis.
•	 Oil and gas majors wait for governments to clarify incentives.

•	 Governments hesitate to scale subsidies without 
industry buy-in.

•	 Smaller developers wait for majors to move first.

•	 Shipowners, already facing thin margins and uncertain routes, 
cannot commit at the scale required.

	 iii.	� Cross-sector deadlock

Each hard-to-abate sector relies on long-term offtake to de-risk 
investment, but none is individually large enough or certain 
enough in its demand to mobilize the trillions required.

Each sector hedges, each waits, and demand 
remains fragmented.

Alexandra Ebbinghaus (Shell Marine) affirms this.

“We need aggregated demand and long-term certainty, 
otherwise projects will simply not go ahead.

”Fuel producers will not build without offtake guarantees.

Shipowners will not sign offtake without price and 
availability clarity.

Banks will not lend without ESG clarity and long-term certainty.

Each party waits for the other, creating a system-wide stalemate.

Without cross-sector aggregation, progress remains locked at 
the level of pilots and niche projects rather than scaling to meet 
global demand.
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The financing deadlock described in the previous section is 
not absolute.

Demand signals are beginning to emerge in areas of the value 
chain where companies are close enough to end consumers to 
pass on a green premium. Retailers and cargo owners with visible 
sustainability commitments can justify paying more for carbon-
neutral shipping, knowing that cost increases can be absorbed 
into product margins or marketed as part of their brand value.

Consumer-facing companies are often willing to pay above-
market rates for low-carbon transport to demonstrate progress 
toward their climate pledges.

This is the principle behind the Zero Emission Maritime Buyers 
Alliance (ZEMBA), a coalition of cargo owners including IKEA, 
Amazon, and Patagonia.

By pooling demand, ZEMBA creates offtake commitments 
for carbon-neutral fuels that individual shippers could not 
justify alone.

These coalitions are among the first credible market mechanisms 
to channel green premiums into bankable contracts.

The significance of this model is that it links decarbonization 
costs directly to consumers, who are ultimately the only actors 
able to absorb them at scale.

For low-value bulk commodities, the cost impact of green 
premiums can be prohibitive.

For containerized goods with high value-to-weight ratios, the 
added cost of zero-emission shipping is minimal once it is 
distributed across the final product delivered to consumers.

This explains why cargo owners in retail and consumer sectors 
are taking the lead in driving early fuel uptake.

At the same time, these green premiums remain limited in scope.

They can help launch early projects and prove business cases, 
but they cannot provide the trillions in capital required to scale 
hydrogen and e-fuels across all shipping segments.

For bulk commodities or low-value cargoes, the added cost of 
zero-emission transport cannot be passed on in the same way as 
it can for retail goods.

This is where cross-sector coordination becomes essential.

Shipping alone cannot carry the cost of scaling hydrogen, and 
green premiums in consumer supply chains cannot deliver 
system-wide change.

Heavy industry sectors such as steel, cement, chemicals, and 
power must be part of the aggregated demand base.

Only by pooling commitments across these sectors, alongside 
consumer-facing cargo owners, can sufficient offtake be secured 
to make large hydrogen and e-fuel projects bankable.

The next deadlock examines whether global and regional regimes 
are fit for purpose in shaping the carbon-neutral fuel markets that 
shipping and other sectors require.

D. �Green premium effectiveness relies largely on consumer proximity
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$10-12 billion annually 
			         �Expected revenue from the IMO Net 

Zero Fund starting 2028

$2-3 trillion
		         �Investment needed by 2050 for green 

hydrogen production and infrastructure, just 
for shipping’s complete energy transition

85%

“Whether incentives or penalties, 
you need something to address the 
gap. You can have the stick or the 
carrot, but without those you cannot 
make it work.”
Alexandra Ebbinghaus (Shell Marine)

“The incentives can’t wait until 
2027/2028. We have already seen 
green fuel projects halted due to a 
lack of demand drivers.”
Dominik Schneiter (WinGD)

Deadlock 4: Regulatory ambition versus implementation reality

of international shipping emissions 
covered by the Net Zero Framework
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The IMO Net Zero Framework’s Two-Tier Global Fuel Intensity Scheme

The IMO’s approval of its Net Zero Framework (NZF) at MEPC 
83 in April 2025 marked a historic breakthrough, establishing 
the first global carbon pricing mechanism for an entire 
global industry.79

Contingent on a vote by Member States at an Extraordinary 
Meeting in October 2025, it will be codified as Chapter 5 of 
MARPOL Annex VI enter into force in March 2027.

•	 The framework applies to ships of 5,000 gross tonnage 
and above, which account for about 85% of international 
shipping’s carbon dioxide emissions.

•	 The framework combines a Global Fuel Intensity (GFI) 
standard with an economic measure.

•	 The GFI standard sets limits on greenhouse gas intensity of 
fuels, measured on a well-to-wake basis (from production 
through combustion).

•	 Compliance is enforced through a two-tier system of 
targets and penalties.

The Two-Tier Compliance System

•	 Base Target (minimum threshold) 
Ships must meet a defined base level of fuel greenhouse 
gas intensity. Ships failing to meet this target must 
purchase Remedial Units at $380 per ton of carbon dioxide 
equivalent (CO₂e). 
GHG intensity cut by 4% in 2028, rising to 30% in 2035, 
compared to 2008.

•	 Direct Compliance Target (more stringent benchmark) 
Ships that meet the Base Target but do not reach the 
stricter Direct Compliance Target must pay $100 per 
ton of CO₂e for the gap between their performance and 
this target. 
GHG intensity cut by 17% in 2028, rising to 43% in 2035, 
compared to 2008.

Surplus Units
•	 Ships exceeding the Direct Compliance Target generate 

tradable or bankable Surplus Units.

IMO Net Zero Fund revenues and allocation

•	 Funds raised through Remedial Unit purchases and 
compliance payments are directed to the IMO Net Zero 
Fund. Funds to be allocated to:

•	 Provide incentives and rewards for ships using zero- and 
carbon-neutral fuels.

•	 Support research, development, and deployment of 
relevant technologies and infrastructure.

•	 Assist Small Island Developing States (SIDS) and Least 
Developed Countries (LDCs) to ensure a just and 
equitable transition.

Estimates indicate that the IMO Net Zero Fund is expected to 
raise approximately $10-12bn annually, starting in the early 
years of implementation, from 2028 to 2030.80 

Yet ambition is not the same as implementation.

Multiple potential fuel pathways, fragmented timelines, and 
the scale of capital required to build new fuels, infrastructure, 
and vessels expose weaknesses in the timing mismatches, 
default factor distortions, and misaligned fragmented regulatory 
landscape. Rather than accelerating investment, overlapping and 
sometimes contradictory frameworks could slow it down.

Implementation timelines, the approach to default values, and 
inconsistencies between global and regional regulation could 
obscure the more progressive decarbonization measures. 
This creates uncertainty, amplifies the perceived risk, and 
undermines investment just when fuel producers need long-term 
clarity needed to move forward with hydrogen and e-fuels.

A. �Could delayed incentive clarity and implementation hinder investment decisions?
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The IMO’s Net Zero Framework is a historic achievement: the 
first global carbon pricing system for an entire industry.81

It combines a Global Fuel Intensity (GFI) standard with an 
economic measure applied to ships over 5,000 GT, covering 
about 85% of international emissions.

Targets are ambitious: a 20–30% reduction by 2030, 70–80% by 
2040, and net zero close to 2050.

Eman Abdalla (Cargill) reflects the broader industry recognition of 
the regulation as a foundation for progress.

“I am optimistic after the progress made at MEPC 83, and that 
the industry is much closer to having the right regulation and 
policies that will create a level playing field.

In other words, everybody will be paying for how much carbon 
they are emitting.

And this is what’s going to enable having an investable pathway 
into zero-emission fuels and dual-fuel vessels.

”

	 i.	� Do implementation timelines leave gaps which 
could delay decarbonization impact?

The IMO framework is expected to be adopted in a special 
session of the IMO Marine Environment Protection Committee 
(MEPC) in October 2025. However, it will not enter into force until 
March 2027, and pricing incentives and the IMO Net Zero Fund 
begin only in 2028.

This means that shipping and fuel companies preparing to make 
final investment decisions on green hydrogen and e-fuels must 
either proceed now without incentives in place or wait until they 
are introduced.

Dominik Schneiter (WinGD) says,

“The incentives can’t wait until 2027/2028. We have already seen 
green fuel projects halted due to a lack of demand drivers.

Those investors need clear signals that there will be sustained 
volumes from shipping, and incentives that reduce the cost 
differential between green and fossil fuels are the most direct 
indication regulators can give.

”This timing misalignment is especially acute, because it coincides 
with the investment window that will determine whether fuels are 
available in the 2030s.

Producers must take final investment decisions now, to deliver 
green hydrogen and e-fuels in the early to mid-2030s.

With incentives delayed until 2028, today’s projects risk being 
stranded in the planning stage.

This is likely to leave shipping without scalable options when the 
IMO’s 2030 checkpoint arrives.

	 ii.	� Will the IMO Net Zero Fund achieve its 
intended impact?

The Net Zero Fund is expected to raise $10–12 billion annually 
by 2035.

It will create substantial resources to support carbon-
neutral zero- and carbon-neutral fuel adoption and help 
developing economies.

Stakeholders, however, have raised questions about its scope 
and impact.
•	 Given the split of fund allocations, stakeholders wonder if 

revenues will be spread across too many priorities, diluting 
their impact.

•	 Others highlight the unpredictability of revenue flows in a 
trading-based compliance system, where surplus unit values 
will fluctuate depending on market conditions.

This uncertainty makes it difficult for fuel producers to factor 
future revenues into their investment models.

Charlotte Nonnemann (VP Regulatory & Public Affairs, Marine 
Systems, ABB) says,

“We cannot really take anything from [the Net Zero Framework] 
because we don’t know what the Net Zero Fund will provide.

We don’t know about the cost gap, and I think if we were clearer 
there, maybe then producers would follow up a bit.

”Establishing a clear, stable, and targeted allocation framework 
would increase confidence that the fund can close the cost gap 
and support large-scale fuel production.
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	 iii.	� The timing misalignment is not just a shipping 
issue, but a cross-sector one.

The current ambiguity perpetuates a wider fuel development 
deadlock that affects all hard-to-abate sectors.
•	 Fuel developers cannot build projects without 

demand certainty.

•	 Financiers will not commit capital without clear 
regulatory signals.

•	 Regulators cannot finalize detailed rules without evidence of 
market response.

The same circular dependency holds true for aviation, steel, 
chemicals, cement, agriculture, and power, all of which require 
hydrogen and its derivatives to decarbonize.

Without synchronized clarity across these industries, 
demand remains fragmented and too weak to mobilize 
large-scale investment.

Carsten Rolle (World Energy Council – Germany) stresses,

“Climate protection must go hand-in-hand with industrial policy.

Setting high targets without parallel support for technology, 
infrastructure, and competitiveness undermines leadership.

”

Bo Cerup-Simonsen (Mærsk Mc-Kinney Møller Center) echoes 
that shipping cannot absorb these risks alone.

“Shipping companies just don’t have the balance sheet to get 
these large-scale infrastructure investments going.

Either the public sector needs to step in, or shipping needs 
to go in together with other big sectors in getting these fuel 
production plants established.

”Didier de Beaumont (Port of Amsterdam) warns that reliability is 
just as important as ambition.

“The unreliability of government regulations is a huge barrier.

Regulation needs to be clear for a long period, because of the 
sums of money involved.

”In short, regulatory ambition has been established.

The next step is to translate it into bankability.

Earlier clarity on incentives, rewards, and allocations can help 
shipping companies, ports, and fuel developers to make critical, 
long-term investment decisions.

Aligning regulatory frameworks across sectors will unlock the 
scale of investment needed for hydrogen and e-fuels.
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The IMO Net Zero Framework was designed to be 
technology neutral.

In practice, the current default GHG factors raise questions about 
whether the system will unintentionally favor existing technologies 
over emerging technologies with deeper decarbonization 
benefits, by placing a complex and expensive compliance proofs. 

	 iv.	� WinGD modelling as an illustrative case

WinGD, a leading developer of low-pressure LNG engines, 
modelled two ship scenarios under the IMO framework: a 174k 
LNG carrier and an 8,000 TEU container vessel.

Their modelling suggested that low-pressure X-DF engines could 
deliver lower overall fuel consumption and lower total emissions 
but still attract higher penalties than high-pressure engines. 
This is because penalties are applied on the basis of emissions 
intensity (emissions per unit of energy consumed) rather than 
total emissions.

WinGD argues that this approach exposes efficient engines with 
some methane slip to higher compliance costs than less efficient 
designs with lower slip.

This example highlights a real concern from one company’s 
perspective, but it also reflects its technology position. Other 
engine makers have taken different paths, focusing on high-
pressure LNG engines that avoid slip but may consume more 
fuel overall.

B. �Will IMO default factors foster deeper decarbonization?

WinGD default factor modeling case

To understand the impact of IMO’s Net Zero Framework and GHG Fuel Intensity pricing mechanism, WinGD modelled two 
ship scenarios: a 174k LNG carrier; and an 8,000 TEU container vessel. In both cases, fuel consumption, emissions and IMO 
penalties were calculated for engine configurations based on WinGD’s low-pressure X-DF dual-fuel LNG technology and 
competing high-pressure low-speed technology.

In all cases, the inherent fuel efficiency of the X-DF configuration delivered lower total operating costs, comprising fuel cost 
and IMO penalties. The X-DF configurations also produced lower overall GHG emissions than their high-pressure counterparts.

However, the impact of the higher GHG intensity attributed to LNG used in low-pressure engines means that X-DF engines were 
exposed to higher penalties. In the case of the LNG carrier, these penalties roughly halved the total cost advantage of the X-DF 
configuration. In the case of the container vessel, the impact was even more significant.

The table below illustrates the modelling and how, for the same vessel application, an engine configuration that results in 
higher emissions can result in lower IMO penalties.

Table 1: Fuel consumption, emissions and IMO penalties for alternative engine configurations for a 174,000m3 LNG carrier

2 x low-pressure  
(Otto cycle) low-speed/
two-stroke 5X72DF-2.2 VCR​

2 x high-pressure  
(Diesel cycle) low-speed/
two-stroke counterpart 

Difference, high-
pressure counterpart 
vs XDF

Total annual energy consumption (GJ, ‘000)​ 780.10​ 850.49 ​ +9.0%

Total annual well-to-wake GHG emissions  
(t CO2e, ‘000)​

65.42​ 69.74​ +6.6%

Attained GHG fuel intensity​ (gCO2e/MJ)​ 83.85​ 82.00​ -2.2%

Total penalties under IMO Net Zero 
Framework 2028-2035 (US$ million)

21.99 20.51 -6.7%

Total fuel cost 2028-2035 (US$ million) 58.59 64.36 +9.8%

Total operating costs (fuel and IMO 
penalties) 2028-2035 (US$ million)

80.68 84.86 +5.2%
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Dominik Schneiter (WinGD) says,

“The IMO regulations are anything but fuel-agnostic. It’s basically 
pushing the industry in a clear corner and if you look at the 
order book, the industry follows right away.

LNG is already a cheap fuel and that’s why it’s winning the battle 
right now. All the shipowners go for high pressure dual fuel 
engine because the IMO says it’s the best fuel. It’s available. 
It’s cheap. We don’t know how much the zero or low-carbon 
fuels will be subsidized until 2027. So why should we take the 
risk now?

Default values thus create distorted incentives: shipowners 
rationally order LNG vessels, fuel producers halt green hydrogen 
projects, and regulatory credibility is weakened.

”

	 v.	 Why the IMO focuses on emissions intensity

The IMO’s rationale for using emissions intensity, rather than 
total emissions, is to ensure the framework rewards intrinsically 
cleaner fuels rather than simply reduced fuel consumption.

A system based solely on total emissions would risk favoring 
smaller ships, shorter routes, or reduced cargo loads. 

That could reward maritime trade efficiency rather than driving 
innovation toward carbon-neutral fuels.

Methane slip also remains a challenge for LNG pathways.

Some engine designs may achieve lower total emissions, but if 
they produce higher emissions per unit of energy, the climate 
benefit is reduced compared to fuels with inherently lower 
carbon content.

Martin Crawford-Brunt (Lookout Maritime) underscores the 
challenges regulators face in ‘levelling the playing field’ across so 
many different ship segments and trades for the many alternative 
fuel options and their pathways.

“The big differences in the market participants across the various 
trades, coupled with the complexity of regulation, inadvertently 
introduces inconsistencies in the way penalties are applied 
in practice.

This makes it more challenging to get the charterer and owner 
aligned on ‘what good looks like’ and who pays for what, 
thereby deepening the split incentive problem.

A potential solution to reduce this complexity, is to remember 
that cargo ships exist to deliver cargo efficiently, and to connect 
markets to enable trade.

Expressing total CO2e or energy intensity for the round-trip 
voyage, per unit or ton of cargo discharge, provides a baseline 
which more consistently identifies ‘what good looks like’ for 
both owner and charterer.

This can then be compared with trusted market baselines, like 
those of the Baltic Exchange, to create a market-based sharing 

mechanism, by rewarding delivered performance against the 
market baseline.

”
	 vi.	�Ensuring default factors support 

deeper decarbonization

The WinGD case study underscores the complexity of ensuring 
fairness across competing technologies.

Default factors that remain static or biased could 
discourage innovation.

At the same time, regulators must ensure the framework 
continues to push industry toward fuels and technologies that 
achieve genuine well-to-wake emissions reductions.

A constructive path forward would be to update default factors 
regularly, based on transparent and measured performance data, 
and to provide mechanisms that recognize improvements in both 
fuel efficiency and emissions intensity.

This would give innovators confidence that investments in 
lower-carbon technologies will be recognized, while keeping the 
framework aligned with long-term decarbonization objectives.

This is a result of using emissions intensity – or total 
emissions divided by fuel consumption – rather than 
overall emissions as a basis for calculating penalties. In 
the scenarios above, LNG used in low-pressure engines 
has a higher emissions intensity because those engines 
have higher methane slip.

WinGD is investing heavily to reduce methane emissions, 
from 1.7% of gas consumption less than a decade ago 
to under 0.7% today, and in many applications (such 
as those in the scenarios above) offers lower total 
GHG emissions than high-pressure engines. But these 
advances are not recognized by a penalty scheme based 
on emissions intensity rather than actual emissions at 
the funnel.

The cases clearly show that more fuel-efficient 
technology can be subjected to higher penalties under 
IMO’s Net Zero Framework – effectively undermining 
recent investments that technology providers, fuel 
producers and shipowners have made in solutions that 
offer lower emissions.
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C. �Do global and regional regulations and incentives require harmonization?

Even as the IMO sets global ambition, the EU has launched 
complementary regional rules through its Emissions Trading 
System (ETS) and FuelEU Maritime. EU ETS for shipping

Since January 2024, the EU ETS has covered shipping 
emissions for the first time. The system applies to:

100% of emissions from voyages between EU ports and 
at berth.

50% of emissions from voyages between an EU port and  
a non-EU port.

Shipping companies must purchase and surrender EU 
Allowances (EUAs) for these emissions, with the cost 
determined by the EUA market price.

As of mid-2025, allowance prices have ranged between 
€55 and €65 per ton of CO₂ equivalent (CO₂e).

Projections from analysts and the European Commission 
suggesting they could exceed €120 per ton by 2030.

The ETS will be phased in gradually.

In 2024, companies must surrender allowances covering 
40% of verified emissions.

This increases to 70% in 2025 and 100% from 
2026 onward.

FuelEU Maritime

Entering into force in January 2025, FuelEU Maritime 
complements the ETS by regulating the GHG intensity of 
marine fuels.

FuelEU Maritime applies a well-to-wake methodology, 
capturing emissions across the full life cycle of fuels.

The regulation establishes binding, progressively stricter 
GHG intensity reduction targets:

•	 2% reduction from 2025 (relative to a 2020 baseline),

•	 Rising to 75% reduction by 2050.

•	 Non-compliance is penalized through a financial 
penalty of €2,400 per ton of very low sulfur fuel oil 
(VLSFO)-equivalent fuel that exceeds the allowed GHG 
intensity limit.
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While the broader ambitions are aligned, the detailed mechanics 
differ in ways that matter for shipping companies.

Double compliance costs
•	 Under the EU ETS, operators must purchase and surrender 

allowances for 100% of emissions on voyages within the 
EU and 50% of emissions on voyages between EU and 
non-EU ports.

•	 These costs add to IMO compliance costs, creating the risk of 
double carbon pricing for ships trading in EU waters.

Different carbon measurements for fuels
•	 FuelEU Maritime also regulates the greenhouse-gas intensity 

of fuels on a well-to-wake basis, which is conceptually close to 
the IMO’s Global Fuel Intensity standard.

•	 However, the methodologies are not harmonized.

•	 A ship could face different emissions calculations and 
penalties under the EU and IMO systems for the very 
same voyage.

Crop-based biofuels are nearly excluded in EU regulation, based 
on a comprehensive, cross-sector view.
•	 The IMO allows conventional crop-based biofuels to count 

toward compliance in 2030.

•	 The EU does not. FuelEU Maritime excludes crop-based 
biofuels from counting towards greenhouse gas intensity 
targets. It only recognizes advanced biofuels and renewable 
fuels of non-biological origin (RFNBOs) such as e-ammonia 
and e-methanol.

•	 The EU takes a cross-sector Green Deal perspective. Because 
road transport, aviation, power, and agriculture all compete for 
the same finite pool of biofuels, the EU excludes crop-based 
fuels to prevent unsustainable land-use change, food-versus-
fuel conflict, and lock-in of fuels that cannot scale. It pushes 
investment toward hydrogen-based solutions that do.

•	 The IMO, by contrast, applies a shipping-only lens, which 

makes biofuels look more available than they truly are when 
seen across all sectors.

The consequence is uncertainty for operators and investors.

Tore Longva (DNV) reinforces the need for alignment.

“For deep sea shipping, you want to trade globally. If every 
region has their own preference, it doesn’t work.

”Ships trading in Europe face overlapping compliance costs, and 
fuel producers face conflicting signals about which pathways 
qualify long term.

The impact extends beyond shipping. 

The EU ETS covers aviation, power, steel, and cement as well 
as shipping.

Investors in hydrogen and e-fuel hubs look at the aggregate 
demand picture across these sectors.

If global and regional regimes diverge, the demand base 
fragments, and capital cannot flow at the scale required.

Harmonization is therefore not only a shipping priority but a 
cross-sector necessity to enable hydrogen investment.

Deadlock 5 examines how infrastructure bottlenecks at ports 
could constrain adoption, and what it will take to overcome them.
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Deadlock 5: Infrastructure bottlenecks at ports

“One of my concerns with hydrogen 
and hydrogen derivatives from 
renewables is that there’s substantial 
competition for that electricity…
Shipping tends not to be first in line 
for these products – they’re usually 
further down the priority list.”
Tore Longva (DNV)

“We are preparing comprehensive 
training programs for seafarers to 
ensure safe and effective handling 
of new fuels. Training is the most 
critical factor for the successful 
adoption of new marine fuels.”
Shingo Mizutani (NYK Shipmanagement)

“Ammonia cannot be bunkered 
in busy city ports; safety 
risks are too high. Floating 
bunkering islands offshore are 
more suitable, and portable 
if needed.”
Paolo Tonon (Berge Bulk)

“We’re strong proponents that 
guidelines need to be in place 
before commercial bunkering 
happens, so we can build 
ecosystem confidence.”
Lynn Loo (Global Centre for 
Maritime Decarbonisation)

“If people are looking to 
have product by 2030, 
there is a requirement for 
planning and commitment 
[now], for it to come online 
by that time.”
Isabelle Ireland (InterContinental Energy) 

5-7 years
	         �Typical time taken for e-fuel and 

biofuel projects to move from 
planning into production after a 
final investment decision (FID)
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A. �The competition for power, water, space, and money
Fuel production, storage, and bunkering depend on stable 
access to electricity and water.

Today, both are under strain.

	 i.	 The competition for electrons

National grids already face competing demands from electric 
vehicles, heat pumps, industrial electrification, and the explosive 
growth of data centers.

Shipping is entering this competition a little late.

Tore Longva (DNV) warns,

“One of my concerns with hydrogen and hydrogen derivatives 
from renewables is that there’s substantial competition for 
that electricity.

When will you be able to have a surplus of electricity that can be 
used to produce hydrogen? Obviously, the best approach is to 
use electricity directly when possible…

Shipping tends not to be first in line for these products – they’re 
usually further down the priority list.

”New shore power requirements add an additional strain on the 
municipal power grid at ports.

In Europe, new regulation under FuelEU Maritime and the 
Alternative Fuels Infrastructure Regulation requires container and 
passenger ships at major EU ports to plug into onshore power 
by 2030.

Supplying a single cruise ship can be like supplying a small city.

Few ports today have the substations, cables, and grid 
connections to meet this obligation at scale.

Eero Lehtovaara (ABB Marine & Ports) points to another 
possible solution.

“Nuclear remains the only sustainable primary energy source 
for baseload,

”while also noting that fusion is a potential longer-term option still 
far from commercial readiness.

	 ii.	� Water resources face similar competition in 
some regions.

Electricity is not the only constraint. Electrolysis requires 
significant quantities of water.

Producing 1 kg of hydrogen consumes about 9 liters of water in 
principle; in practice – considering purification and cooling – the 
figure rises to 19–29 liters per kg.82

Scaling hydrogen production to the hundreds of millions of tons 
envisioned by mid-century would require billions of cubic meters 
of freshwater.

In water-scarce regions such as the Middle East, North Africa, 
Australia, and parts of Asia, this raises critical trade-offs between 
industrial fuel production, agriculture, and urban supply.

When local freshwater is insufficient, desalinated water must 
be added.

Reverse-osmosis desalination consumes about 3 kWh per cubic 
meter, while thermal methods require significantly more. This 
adds a fractional cost to hydrogen production.83

Hydrogen production therefore amplifies both water and 
electricity demand.

This means that port readiness for new carbon-neutral fuel 
infrastructure will depend on national and regional energy and 
water infrastructure keeping pace.

Land is equally scarce, with limited port space available for fuel 
storage, pipelines, and infrastructure.

The challenge is not whether bunkering will take place, but 
whether ports can secure sufficient electricity, manage the 
complexity of new fuel systems, and aggregate cross-sector 
demand to guarantee offtake, avoid stranded bunkering assets, 
and reduce financial risk.

It also means that grid capacity, renewable power, and water 
resources will have a significant impact on whether ports are 
able to accommodate green hydrogen feedstock and e-fuel 
production in close proximity, or whether they will be better off 
importing everything.
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B. �Accelerating permitting and governance to match technology readiness
Even when technology is available, the permitting process can 
slow projects for years.

Safety assessments, land-use planning, and political 
caution often extend timelines well beyond what the energy 
transition requires.

However, there is an opportunity where port leaders, mayors and 
local authorities can move faster than national governments in 
issuing permits.

Local action can accelerate some projects, but it is not always 
aligned with national or regional frameworks.

For fuel producers, permitting is often a significant bottleneck.

Even after a final investment decision, e-fuel and biofuel projects 
typically take 5 to 7 years to move from planning into production. 

Much of this delay stems not from construction, but from 
navigating multiple approvals.

This is not just a maritime issue. 

Large-scale hydrogen projects for industry face similar 
delays, with developers waiting years for land, power, and 
environmental permits before building can begin.

Permitting that is stable, transparent, and aligned across 
governance levels can give fuel developers and ports the 
confidence to commit.

C. Safety and workforce readiness are preconditions for adoption
The introduction of carbon-neutral fuels such as ammonia and 
methanol requires safety standards and operational protocols 
that are still in development.

Ports require clear rules and trained people to scale bunkering of 
carbon-neutral fuels.

Global Centre for Maritime Decarbonisation ammonia 
bunkering pilot: Singapore and Pilbara

Lynn Loo (GCMD) says,

“We’re strong proponents that guidelines need to be 
in place before commercial bunkering happens, so we 
can build ecosystem confidence.”

Her point was demonstrated in Singapore, where GCMD, 
together with 13 industry partners, carried out the world’s first 
ship-to-ship ammonia transfer in 2023.

The trial involved extensive plume dispersion modelling, 
risk assessments, emergency response planning, and crew 
training before any transfer was attempted. On the day of the 
trial, ammonia was successfully transferred under controlled 
conditions with no safety incidents.

Loo emphasizes that the lessons went beyond the pilot itself.

“The learnings from this pilot are very important 
because they provide guidance to the standards 
on what the thresholds and procedures to conduct 
ammonia bunkering safely should be. It’s really 
important to articulate all these before the actual 
vessels become available.”

She also notes the importance of looking beyond shipping for 
expertise. GCMD collaborated with the agriculture industry, which 
has decades of experience handling ammonia as fertilizer, to 
learn best practices for safe management and transfer.

Workforce readiness is a parallel requirement.

Shingo Mizutani (NYK Shipmanagement) highlights,

“NYK is taking a stepwise approach to decarbonization, 
starting with small-scale projects…and gradually expanding to 
larger vessels.

This gradual learning curve allows us to accumulate technical 
knowledge and operational experience, which is essential 
for the successful implementation of alternative fuels across 
our fleet.

We are currently studying ammonia as a marine fuel 
and have already delivered the Sakigake, Japan’s first 
ammonia-fueled tugboat.

Our next step is to build and operate an ammonia carrier, 
powered by ammonia fuel, scheduled for next year.

In parallel, we are preparing comprehensive training programs 
for seafarers to ensure safe and effective handling of new fuels.

Global Centre for Maritime Decarbonisation ammonia bunkering pilot: Singapore and Pilbara84

Professor Lynn Loo (GCMD) says,

“We’re strong proponents that guidelines need to be in place 
before commercial bunkering happens, so we can build 
ecosystem confidence.

”Her point was demonstrated in Singapore, where GCMD, 
together with 13 industry partners, carried out the world’s first 
ship-to-ship ammonia transfer in 2023.

The trial involved extensive plume dispersion modelling, 
risk assessments, emergency response planning, and crew 
training before any transfer was attempted. On the day of 
the trial, ammonia was successfully transferred under 
controlled conditions with no safety incidents.

Loo emphasizes that the lessons went beyond the pilot itself.

“The learnings from this pilot are very important because 
they provide guidance to the standards on what the 
thresholds and procedures to conduct ammonia bunkering 
safely should be. It’s really important to articulate all these 
before the actual vessels become available.

”She also notes the importance of looking beyond shipping for 
expertise. GCMD collaborated with the agriculture industry, 
which has decades of experience handling ammonia as 
fertilizer, to learn best practices for safe management 
and transfer.
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Training is the most critical factor for the successful adoption of 
new marine fuels.

As a ship manager, we prioritize the education and upskilling of 
our crew, focusing on the safe handling of alternative fuels such 
as ammonia.

We are developing specialized training programs to ensure that 
seafarers are fully equipped to manage new technologies and 
maintain high safety standards on board.

However, we recognize that permitting processes and local 
governance can cause delays, and we are working closely with 
authorities to address these challenges.

”

Safety considerations also shape where and how fuels can 
be bunkered.

Paolo Tonon (Berge Bulk) observes,

“Ammonia cannot be bunkered in busy city ports; safety risks are 
too high. Floating bunkering islands offshore are more suitable, 
and portable if needed.

”Other stakeholders stress the importance of perception as well 
as practice.

Alexandra Ebbinghaus (Shell Marine) notes,

“We worked very hard to get all [ammonia refrigerants] off ships, 
and now you tell me you want to put ammonia back in huge 
amounts on my cruise ship?

”Establishing harmonized global safety standards, embedding 
cross-sector expertise, and investing in workforce training will 
make it possible to manage new fuels at scale.

With these foundations in place, ports and operators can adopt 
hydrogen, ammonia, and methanol with confidence.

D.	 Geography will shape port roles in the transition
Not every port can or should become a production hub for 
hydrogen and e-fuels.

Geography, access to renewable resources, and inland demand 
will determine which ports emerge as exporters, which act 
as import hubs, and which primarily serve as bunkering and 
distribution points.

Some regions are advantaged by vast renewable resources and 
are likely to become export hubs.

Colossal projects in Oman, Saudi Arabia, and Australia are being 
designed to produce hydrogen and derivatives at scale, with 
dedicated export capacity to Europe and Asia.

These hubs are expected to serve multiple sectors, by offering 
lower-cost hydrogen exports.

Ports in Europe and Northeast Asia, by contrast, are more likely to 
be receivers.

Didier de Beaumont (Port of Amsterdam) explains,

“We look very much at hydrogen import chains, and we see that 
the import chain is cheaper than local production.

”In these cases, ports will rely on dedicated supply chains from 
global production hubs, while focusing locally on storage, 
distribution, and bunkering.

Fuel choice is also shaped by existing trade routes.

Lynn Loo (Global Centre for Maritime Decarbonisation) highlights 
that bulk carriers on the Pilbara–North Asia corridor are logical 
frontrunners for ammonia, because both termini will have supply.

Container trades, however, are unlikely to adopt ammonia in the 
short run, because simultaneous cargo and bunkering operations 
at busy ports pose higher risks.

Strategic coordination within a remapped global port ecosystem 
is essential.

Production hubs, import ports, and regional bunkering points 
must be planned as parts of a single system.

With clear roles, ports can complement rather than compete, 
giving shipowners the confidence that fuel will be available 
where and when it is needed.

These five deadlocks underline that even when 
technology exists, finance is available, and regulation is 
in place, progress stalls without coordination. Shipping 
acting alone cannot overcome these barriers.
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Orchestrating a cross-sector, hydrogen-based energy transition 
could resolve the 5 deadlocks

43 million tons vs 11 million tons
	      �Potential green hydrogen projects by 2030 versus 

actual committed demand due to fragmented signals

28 million tons annually
	      �Green ammonia capacity planned at Western Green 

Energy Hub – supporting cross-sector offtake

“Shipping companies just don’t have the 
balance sheet to get these large-scale 
infrastructure investments going, so either 
the public sector needs to step in, or 
shipping needs to go in together with other 
big sectors in getting these fuel production 
plants established.”
Bo Cerup-Simonsen (Mærsk Mc-Kinney Møller Center for 
Zero Carbon Shipping)

Cross-sector collaboration can 
transform today’s deadlocks into 
tomorrow’s opportunities
Aggregated demand across industries creates the critical 
mass investors require

“While 300 million tons of fuel oil seems like 
a lot, when you convert that to future carbon-
neutral fuels, it’s not that much. With different 
sectors you can aggregate demand. That’s 
where the signal becomes much stronger.”
Lynn Loo (Global Centre for Maritime Decarbonisation)
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The 5-deadlock analysis clearly shows why shipping cannot 
solve its carbon-neutral fuel transition in isolation. Each deadlock 
stems from coordination failure involving multiple sectors.

However, the solution becomes equally clear: cross-sector 
collaboration and aggregated demand.

Shipping’s 300 million tons of annual fuel demand looks vast, but 
even when it isn’t spread out across multiple fuel pathways, it is 
too small to trigger green hydrogen development.

Aggregating cross-sector demand with aviation, steel, cement, 
chemicals, power, and agriculture transforms thin, fragmented 
signals into large, bankable commitments.

By aggregating demand across these sectors, shipping can 
help create the critical mass of offtake that investors and 
developers require.

Collaboration across sectors can significantly resolve each of the 
5 deadlocks identified in the previous chapter.

Deadlock 1: Fuel pathway uncertainty fragments 
demand and dilutes investment in scalable net 
zero solutions

A cross-sector lens shows which fuel pathways will be 
most viable in the long term and helps channel demand and 
investment to scale them earlier.

	 1.	� Clearly identifies green hydrogen as the backbone of long-
term fuel pathways

Green hydrogen is the indispensable feedstock for all long-
term e-fuels, e-ammonia, e-methanol, and e-methane are only 
carriers; aggregated demand across sectors is the only way to 
unlock the giga-scale electrolysis required.

Isabelle Ireland (InterContinental Energy) highlights projects 
like the Western Green Energy Hub in Australia, with 70 GW of 
renewable capacity to produce up to 28 million tons of green 
ammonia annually by the mid-2030s.

Such projects can only proceed with long-term offtake, which 
shipping can guarantee only in collaboration with other sectors.

	 2.	 Clarifies biofuels as a finite stopgap during the transition

Aviation, shipping, and other hard-to-abate sectors currently 
rely on biofuels to bridge the transition. But shipping’s share 
is already less than 1% of the global supply, and this will not 
change materially.85

Cross-sector agreements can prioritize biofuels where no 
alternatives exist, while ensuring critical investment flows toward 
the green hydrogen and e-fuels that will dominate in the long run.

	 3.	� Ensures critical mass and economy of scale for hydrogen 
giga-scale projects

The International Energy Agency (IEA) forecasts that while 
low-emissions hydrogen production could reach 43 million tons 
annually by 2030, demand is projected at only 11 million tons 
because of fragmented signals.86

Cross-sector offtake commitments and port-level demand 
consolidation are essential to transform this mismatch into 
bankable scale. By aggregating demand, ports can provide the 
critical mass needed to advance final investment decisions and 
prevent delays in giga-scale projects.

Orchestrating a cross-sector, hydrogen-
based energy transition could resolve 
the 5 deadlocks
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Deadlock 2: Concentrated fuel supply versus global 
fleet flexibility

Cross-sector demand aggregation across sectors support the 
development of fuel hubs that can move a greater portion of the 
global fleet toward carbon-neutral fuels.

	 1.	 Achieves economy of scale for import and export

Hubs can only achieve the scale needed for hydrogen production 
or import when shipping demand is combined with other sectors 
such as aviation, steel, and chemicals. This aggregation 
guarantees offtake and makes large investments bankable.

	 2.	� Allows smaller ports and bulk operators to participate in the 
hydrogen economy

Pooling demand across sectors reduces the risk of stranded 
bunkering assets.

It also makes it possible for both major container ports and 
smaller bulk-focused ports to access carbon-neutral fuels, 
preventing a two-tier system.

Shared infrastructure and cross-sector investment lower costs 
and broaden access.

This helps bulk operators avoid losing flexibility, taking on 
higher voyage costs, or missing cargo opportunities in a system 
otherwise centered on a few concentrated hubs.

	 3.	 Cross-sector demand preserves traditional trade corridors

The Pilbara–North Asia iron ore corridor illustrates how cross-
sector aggregation can align steel, aviation, and shipping to 
guarantee ammonia supply along routes. Ports like Singapore can 
adapt as receivers in this system, handling multiple fuels safely 
at scale.

As Lynn Loo (GCMD) explains,

“With shipping alone, while 300 million tons of fuel oil seems 
like a lot, when you convert that to future carbon-neutral fuels, 
it’s not that much. With different sectors you can aggregate 
demand. That’s where the signal becomes much stronger.

”
Deadlock 3: The green finance paradox

Cross-sector demand aggregation can mobilize green capital.

	 1.	 Large, cross-sector bankable contracts

Despite more than $300 billion in green hydrogen projects 
being announced worldwide, only about 10 percent have 
identified buyers, and even fewer are backed by binding offtake 
agreements.87 This lack of demand certainty stalls investment 
decisions and leaves giga-projects stranded on paper. Ports, 
by aggregating cross-sector demand from shipping, aviation, 
steel, and chemicals, can transform fragmented signals into long-
term contracts that de-risk projects and unlock finance. . Ports 
can structure cross-sector, long-tenor contracts that de-risk 
investments and unlock idle ESG capital.

	 2.	 Unlocking trillions in idle ESG capital

Banks and investors require certainty.

As Eman Abdalla (Cargill) explains,

“Without long-term offtake and cost visibility, financiers simply 
won’t take the risk.

”

	 3.	 Catalyzing oil and gas majors

Oil and gas companies with balance sheet strength hesitate to 
move without guaranteed offtake. Cross-sector demand signals 
can tip paused projects back into motion.

	 4.	� Green carbon capture and storage can also scale as part of 
the aggregation logic

Carbon capture networks are already being planned as cross-
sector backbones. When cement, steel, and shipping align, CCS 
investments become viable at scale.

	 5.	� Standardizing ESG frameworks for hydrogen, carbon 
capture, and e-fuels

A persistent investment barrier for investors is the lack of 
standardized ESG definitions and disclosure across emerging fuel 
pathways. Hydrogen, carbon capture, and e-fuels are assessed 
through inconsistent criteria, which prevents capital from flowing 
at scale. Cross-sector aggregation can push for harmonized ESG 
standards on lifecycle emissions accounting, certification, and 
disclosure, enabling investors to compare projects transparently. 
Standardization reduces greenwashing concerns, aligns ESG 
capital with genuine decarbonization impact, and ensures 
that funds are allocated to projects delivering the deepest 
emissions reductions.

As Didier de Beaumont (Port of Amsterdam) explains,

“Companies want to build €600 million biomethanol plants here, 
but market conditions don’t support a final investment decision 
without long-term demand aggregation.

”



68 Deadlock: What’s stopping shipping’s carbon-neutral fuel transition?

Deadlock 4: Regulatory ambition versus 
implementation reality

Cross-sector collaboration can align regulatory intent 
with implementation.

	 1.	� Mitigating the single-sector burden of incentives to 
accelerate early projects

The IMO Net Zero Framework will not redistribute carbon revenues 
until 2028, but developers making final investment decisions 
require certainty now.

By aggregating demand from shipping, aviation, steel, and 
power, ports can create the scale and commercial confidence 
that reduce reliance on subsidies, so no single sector carries the 
burden of early incentives alone.

As Dominik Schneiter (WinGD) explains,

“The incentives can’t wait until 2027/2028. We have already seen 
green fuel projects halted due to a lack of demand drivers.

Those investors need clear signals that there will be sustained 
volumes from shipping, and incentives that reduce the cost 
differential between green and fossil fuels are the most direct 
indication regulators can give.

”	 2.	 Harmonizing frameworks to send a clear investment signal

Divergent rules between the IMO, the EU Emissions Trading 
System, and FuelEU Maritime create conflicting signals 
for investors.

Coordinated cross-sector demand at ports can cut through 
this fragmentation and align fuel production with a single, 
consistent regulatory signal that unlocks finance and accelerates 
project commitments.

	 3.	� Integrating shipping and energy strategies to unlock shared 
infrastructure and incentives

Shipping is often overlooked in national energy planning, leaving 
maritime fuels disconnected from hydrogen roadmaps for 
aviation, steel, or power.

Cross-sector policy integration ensures that subsidies and 
infrastructure programs serve multiple industries at once, 
reducing risk and spreading costs.

As Bo Cerup-Simonsen (Mærsk Mc-Kinney Møller Center for Zero 
Carbon Shipping) explains,

“Shipping companies just don’t have the balance sheet to get 
these large-scale infrastructure investments going, so either 
public sector needs to step in, or shipping needs to go in 
together with other big sectors in getting these fuel production 
plants established.

”His point underscores that shipping cannot finance multi-
billion-dollar green hydrogen projects alone, but integrated 
industrial policy can reduce risk by pooling demand and support 
across sectors.

	 4.	� Providing stable, consistent regulation to give investors 
long-term confidence

Green hydrogen projects need 15-year certainty to recover 
capital but shifting targets and inconsistent subsidy regimes 
deter investors.

As Didier de Beaumont (Port of Amsterdam) explains,

“The unreliability of government regulations is a huge barrier. 
Regulation needs to be clear for a long period, because of the 
sums of money involved.

”Cross-sector aggregation at ports can counter this risk by 
creating long-term commercial contracts that outlast political 
cycles, ensuring investors have the stability and consistency 
they require to commit capital.
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Deadlock 5: Infrastructure bottlenecks at ports

Cross-sector collaboration can help resolve port infrastructure 
bottlenecks and make efficient use of scarce resources.

	 1.	 Shared electricity supply

Producing one ton of green hydrogen requires 50–60 MWh 
of electricity.88 Ports must integrate renewable build-out for 
shipping with demand from EVs, data centers, and AI industries. 
Aggregated demand ensures capacity serves multiple sectors, 
not monopolized by one.

	 2.	 Shared water resources

Electrolysis consumes 19–29 liters of water per kilogram of green 
hydrogen.89 In water-scarce regions like Oman, Australia, and 
the Middle East, desalination adds energy cost. Coordinated 
demand planning ensures infrastructure can serve multiple 
industries fairly.

	 3.	 Shared bunkering and storage systems

Aggregated demand justifies multi-fuel storage terminals, 
bunkering systems, and CO₂ transport networks that no single 
industry can afford alone.

	 4.	 Robust safety and workforce readiness

Agriculture’s decades of ammonia handling and aviation’s 
rigorous safety regimes can inform bunkering standards. The 
Global Centre for Maritime Decarbonization’s ammonia transfer 
pilots in Singapore and Pilbara have already shown that cross-
sector collaboration can deliver safe standards.

As Lynn Loo (GCMD) explains,

“You need the financiers, the insurers, the regulators, the port 
authorities, the ship owner. You need everybody.

”
Cross-sector collaboration can transform today’s 
deadlocks into tomorrow’s opportunities for 
accelerated carbon-neutral fuel development.

Cross-sector collaboration is the common thread that unlocks 
finance, regulation, technology, fuels, and infrastructure. 
With aggregated demand across industries, shipping can 
send a strong signal that accelerates carbon-neutral fuel 
development worldwide.

The next chapter explores how this collaboration can be 
anchored in practice, by examining the roles ports can play in a 
global energy transition.
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Ports as platforms for the cross-sector energy transition

“You need the financiers, 
the insurers, the regulators, 
the port authorities, the ship 
owner. You need everybody.”
Lynn Loo (Global Centre for 
Maritime Decarbonisation)

Producer port: Port of Açu
Brazil’s green hydrogen production port
The Port of Açu is emerging as Latin America’s largest port for green hydrogen and e-fuels, 
with exceptional solar and land availability, deep-water access on major shipping routes, and 
aggregating cross-sector demand from shipping, power generation, steel, and agriculture.

Connector port: Port of Rotterdam
Regional green hydrogen connector
The Port of Rotterdam is transforming from a traditional petrochemical hub into the central 
node of Northwest Europe’s green hydrogen pipeline network.

Receiver port: Port of Singapore
Global fuel import specialist
For over five decades, the Port of Singapore has been the world’s largest bunkering hub, now 
transforming into a sophisticated import terminal for next-generation shipping fuels.

Source port: Port Bonython
A purpose-built green hydrogen export powerhouse
Drawing on South Australia’s exceptional wind and solar potential, Bonython is one of the 
lowest-cost green hydrogen sources worldwide.
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The previous chapter showed how cross-sector collaboration can 
resolve the five deadlocks blocking progress on carbon-neutral 
fuels. Aggregated demand across shipping, aviation, steel, 
cement, chemicals, power, and agriculture is essential to unlock 
scale, mobilize capital, and align regulation.

Collaboration needs a physical platform, and ports are that 
platform. They are where maritime, industrial, aviation, and 
energy systems converge.

Ports have long been central to energy and trade. What is new 
is the remapping of fuels, carriers, and cross-sector offtake at a 
system level, and the expanded role that follows.

Many ports are not starting from zero. They are extending 
established capabilities in chemicals, refining, storage, and 
hazardous logistics to the handling of green hydrogen and 
e-fuels. For ammonia in particular, existing industrial sites and 
safety regimes provide a strong base for a transition to ammonia 
bunkering and transfer.

Ports will remain the backbone of the global energy system. By 
convening carbon-neutral fuel offtake across multiple sectors, 
they can create the infrastructure, investment, and supply 
chains needed for the transition from fossil fuels to a green 
hydrogen economy.

The practical challenge is managing the phase-in, phase-out 
reality: carbon-neutral fuels will grow, while fossil fuels decline.

During the interim, ports must run two parallel infrastructures. 
Ramping the fossil fuel down too quickly, or carbon-neutral fuel 
up too slowly, can leave assets underutilized and inflate costs.

At the same time, scale will be decisive.

This reporting initiative began with the hypothesis that there 
would be four clear types of ports in a future hydrogen economy: 
producers, connectors, receivers, and sources.

However, given the nation-sized economies of scale required for 
cost-competitive hydrogen production, many potential producer 
ports may, in practice, become either receiver ports or exporting 
source ports.

This will depend on whether land, renewable energy, and other 
resources are constrained or abundant.

Therefore, the archetypes that follow provide a structured way 
to map roles, manage overlaps, and reduce the risk of stranded 
capacity. But they should not be read as evenly distributed or 
permanent categories.

Port archetypes in the transition

Not every port can or should play the same role. Geography, 
resources, industrial base, and existing trade positions will help 
determine what each can contribute.

Four port archetypes
•	 Producers generate green hydrogen and e-fuels locally, 

drawing on strong renewable resources.

•	 Connectors distribute green hydrogen from nearby supply 
regions to industrial and maritime demand centers.

•	 Receivers import fuels at scale, supplying global 
trade networks.

•	 Sources specialize in nation-sized giga-scale exports from the 
world’s most abundant renewable regions.

These categories are not rigid.

They are planning criteria that show how ports can complement 
one another in a global ecosystem designed around green 
hydrogen and e-fuels.

By applying common criteria such as renewable proximity, water 
and land availability, industrial base, demand aggregation, 
bunkering infrastructure, and trade advantage, we can 
see how ports fit together into an interdependent green 
hydrogen economy.

Critically, these archetypes build on what ports already do in 
energy trade. The novelty lies in system mapping across sectors 
and fuels and in orchestrating a staged phase-in of carbon-
neutral fuels while legacy fuels phase out.

Ports as platforms for the cross-sector 
energy transition
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Criteria Producers Connectors Receivers Sources
1. �Proximity to renewable 

resources 
Within 50–100 km of abundant wind, solar, or 
hydro capacity.

Within 2,000–3,000 km 
pipeline-feasible distance from 
renewable-rich regions.

Limited domestic renewable 
resources; rely on imports.

Located in regions with world-
class solar, wind, or hydro 
capacity factors.

2. �Access to water 
resources 

Desalination and water reuse in existing water systems 
can avoid bottlenecks during scale-up. Leverage current 
utility channels to shorten new-build timelines.

Moderate requirements; largely 
handled upstream but with some 
conversion needs.

Minimal on-site requirement. Substantial freshwater or 
large-scale desalination to 
support giga-projects.

3. �Land availability Brownfield integration and shared-use allows parallel 
legacy and new-fuel assets, reducing the risk of half 
utilization during transition.

Adequate land for pipeline terminals 
and conversion facilities.

Limited land, often dense 
urban hubs.

Expansive coastal land with few 
competing uses.

4. �Grid and industrial 
expertise 

Can update ammonia and methanol handling as an 
extension of existing chemical competencies, rather than 
introducing new operating models.

Strong grid links and 
regulatory frameworks for 
cross-border pipelines.

Expertise in logistics, hazardous 
materials, and large-scale trading.

Often greenfield, though some 
leverage existing export expertise.

5. �Cross-sector demand 
aggregation 

Naturally co-located with steel, aviation, chemicals, 
power, and other industries.

Aggregate regional demand from 
multiple inland and maritime users.

High-volume aviation and trade hubs 
can reinforce bunkering economics.

Primarily export-oriented but may 
serve emerging regional industries.

6. �Bunkering and refueling 
infrastructure 

Established bunkering integrated with local green 
hydrogen production.

Strategic bunkering nodes tied to 
pipeline distribution.

Largest global bunkering hubs, 
ensuring continuity of supply.

Secondary role: focus is 
bulk export, though some 
integrate bunkering.

7. �Strategic trade 
advantage 

Local energy sovereignty and verifiable low-carbon 
supply strengthen competitiveness in regulated and 
premium markets.

Pipeline economics deliver lower 
costs and enhance regional 
energy diplomacy.

Continuity of bunkering and trading 
scale stabilize global markets 
and pricing.

Lowest-cost global exports secure 
long-term supply positions in 
international trade.

8. �Investment profile High upfront capital, offset by renewable partnerships 
and strong policy frameworks.

Very high investment in pipelines and 
conversion, often multinational.

Investment in import, storage, and 
distribution infrastructure.

Greenfield mega-projects requiring 
substantial international financing.

9. �Supply chain role Independent producer and regional distributor. Regional distributor and 
intermediary hub.

Import hub and global 
trading platform.

Dedicated exporter to 
global markets.

Port archetype comparison
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	 i.	 Producers: Self-sufficient energy providers

	 1.	 Proximity to renewable resources

A Producer port is located within 50–100 kilometers of abundant 
wind, solar, or hydro resources.

This proximity enables green hydrogen to be generated locally 
rather than imported.

Los Angeles plans to use California’s solar base, the Port of Tyne 
is developing its Clean Energy Park with North Sea wind, and 
Hamburg and Antwerp draw on offshore wind capacity to support 
their ambitions.

	 2.	 Access to water resources

Electrolysis requires large volumes of water, and a Producer port 
has reliable access either through secure freshwater systems or 
desalination facilities integrated into the energy complex.

This ensures the long-term stability of green hydrogen production 
and allows the same infrastructure to serve both industrial and 
municipal needs where relevant.

Where feasible, align new desalination with legacy utility 
footprints to streamline permitting and grid connections.

	 3.	 Land availability

Ample industrial land near the port is a defining requirement. 
A Producer port can allocate space for electrolysis plants, 
storage facilities, and conversion units without displacing other 
critical activities.

Zoning can ensure legacy and new-fuel assets operate in parallel, 
preventing underutilization during ramp-up

Redeveloped brownfield zones or coastal expansion areas 
provide the necessary room to scale green hydrogen production 
alongside port operations.

	 4.	 Grid and industrial expertise

Robust electrical grids and an established industrial base 

allow Producer ports to integrate green hydrogen into existing 
systems efficiently.

Their proximity to refineries, chemical plants, and heavy industry 
gives them a strong platform to build upon.

They can treat e-fuels as an incremental extension of established 
hazardous operations, updating standards and training.

Antwerp’s decades of chemical expertise and Hamburg’s 
industrial ecosystem illustrate how this capacity accelerates 
the transition.

	 5.	 Cross-sector demand aggregation

Producer ports are naturally positioned to serve multiple 
industries simultaneously.

Co-location with steel, aviation, chemicals, power generation, 
and agriculture ensures strong aggregated demand.

A unified, cross-sector offtake book can keep utilization 
high by coordinating the timing of plant expansions and 
storage additions.

Los Angeles typifies this model, planning an industrial green 
hydrogen hub that links maritime bunkering with California’s 
broader decarbonization program.

	 6.	 Bunkering and refueling infrastructure

Producers also benefit from existing bunkering infrastructure.

This makes it possible to integrate e-fuels directly into maritime 
supply chains while conventional fuels remain in use during 
the transition.

Continuity of refueling infrastructure lowers risk for shipowners 
and supports early adoption.

Operations for conventional and e-fuels can be handled side by 
side with shared orchestrated traffic and safety plans.

	 7.	 Strategic trade advantage

A Producer port’s key trade advantage lies in energy sovereignty 
and efficiency.

By producing green hydrogen locally, it avoids dependency on 
international supply chains and insulates itself from geopolitical 
shocks, shipping bottlenecks, and market manipulation.

Producers also avoid the 15–20% efficiency penalty that 
comes with converting green hydrogen into carrier molecules 
and reconverting them for use, which improves both cost and 
carbon intensity.

Finally, locally produced green hydrogen offers transparent 
and verifiable carbon accounting, a competitive edge in 
jurisdictions with strict emissions regulations or carbon border 
adjustment mechanisms.

Producers with existing ammonia clusters can shorten timelines 
for e-ammonia deployment for both industry and shipping.

	 8.	 Investment profile

Becoming a Producer requires significant capital to build 
electrolysis facilities, reinforce electrical grids, and develop 
storage systems.

These costs can be offset through partnerships with renewable 
developers and integration with local industry.

Cross-sector offtake reduces the risk of half-utilized assets during 
early years.

Strong policy support, such as in California or Northern 
Europe, makes the model more competitive and ensures 
investor confidence.

	 9.	 Supply chain role

Producers act as independent generators and distributors of 
green hydrogen, directly supplying maritime operators while also 
serving inland industrial users.

They anchor regional decarbonization ecosystems, combining 
sovereignty, efficiency, and integration to play a central role in 
the development of early green hydrogen economies.
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	 ii.	 Connectors: Strategic intermediaries

	 1.	 Proximity to renewable resources

A Connector port is located within pipeline-feasible 
distance of major renewable energy production, typically 
2,000–3,000 kilometers.

This allows it to access abundant resources in neighboring 
regions without needing to host large-scale electrolysis itself.

China exemplifies this model with planned pipelines to move 
green hydrogen from Inner Mongolia’s vast renewable capacity to 
its eastern seaboard.

	 2.	 Access to water resources

Since large-scale green hydrogen production takes place 
upstream, Connector ports require less water for electrolysis.

Their needs focus instead on water for local conversion facilities, 
storage, and safety systems, which are readily manageable within 
port infrastructure.

Existing chemical utilities can be leveraged to 
accelerate permitting.

	 3.	 Land availability

Connector ports must have sufficient land to host 
pipeline terminals, conversion plants, storage tanks, and 
bunkering facilities.

New terminals can be co-located with legacy pipelines to enable 
dual operations during ramp-up.

These installations allow them to receive green hydrogen, convert 
it into carriers such as ammonia or methanol if required, and 
distribute it across multiple user groups.

 
 
 
 
 
 
 
 
 
Case Study: Port of Açu – Brazil’s green 
hydrogen production powerhouse

The Port of Açu in Rio de Janeiro demonstrates how a traditional 
bulk export port can transform into a Producer archetype.

Originally established in 2014 for iron ore and oil exports, it is now 
emerging as Latin America’s largest low-carbon green hydrogen 
and derivatives hub.

With exceptional solar irradiance, vast land availability for 
electrolysis and ammonia plants, and deep-water access on 
major shipping routes, Açu integrates renewable resources, 
industrial capacity, and bunkering infrastructure into one 
coherent system.

These natural advantages are reinforced by bunkering 
and refueling infrastructure, with deep-water port access 
and location on major shipping lanes that allow renewable 
energy, green hydrogen production, and maritime logistics to 
converge seamlessly.90

What sets Açu apart is its strategic trade advantage. The 
port has advanced at remarkable speed, announcing its third 

ammonia project in March 2025, backed by international investors 
and multiple land reservation contracts. This scale and pace 
demonstrate how Brazil’s renewable abundance, when combined 
with strong investment attraction, can leapfrog traditional 
fossil-based infrastructure.

Finally, Açu’s development model emphasizes cross-sector 
demand aggregation. By co-locating electrolysis, ammonia 
synthesis, and export facilities, the port reduces green hydrogen 
logistics complexity and achieves cost efficiencies. This 
integrated approach allows it to serve multiple markets: supplying 
fertilizers for Brazil’s agriculture, green ammonia exports for 
shipping, and industrial demand abroad.91

The Port of Açu illustrates how an emerging economy can 
align natural resources, industrial integration, and ammonia-
handling expertise to run parallel infrastructures, maintaining 
conventional bunkering while scaling e-fuels without stranding 
assets. In doing so, it establishes itself as a major global green 
hydrogen supplier.

Ministério da Indústria, Comércio Exterior e Serviços
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	 4.	 Grid and industrial expertise

A Connector’s strength lies in its integration with advanced 
industrial clusters and reliable grid systems.

Ports such as Rotterdam, Wilhelmshaven, and Eemshaven 
demonstrate how ports embedded in strong industrial regions 
can handle both pipeline infrastructure and large-scale green 
hydrogen distribution.

Their regulatory and technical expertise enables them to manage 
cross-border pipelines effectively.

	 5.	 Cross-sector demand aggregation

Connectors function as aggregation points for multiple sectors. 
Pipelines deliver green hydrogen that can be allocated to 
shipping, steel, chemicals, and power depending on demand.

Cross-sector pipeline maps can support offtake schedules to 
maintain high utilization.

European initiatives such as NortH2 in the Netherlands and 
SeaH2Land between Vlissingen-Oost and Ghent highlight this 
role, linking offshore wind-based green hydrogen directly to steel 
and chemical industries as well as bunkering facilities.

	 6.	 Bunkering and refueling infrastructure

Connector ports are strategically positioned along busy maritime 
routes, making them natural bunkering hubs.

A vessel traveling from Asia to Northern Europe, for instance, 
might bunker in Singapore, then refuel at Algeciras before 
reaching Rotterdam, with the Connector providing reliable green 
hydrogen-based fuels at a key point along the corridor.

	 7.	 Strategic trade advantage

Connector ports achieve their trade advantage through cost 
efficiency and integration.

Transporting green hydrogen by pipeline costs only €0.11–0.21 
per kilogram, compared to €1.9–2.2 per kilogram for shipping 
ammonia, including conversion losses.

This cost gap makes Connectors highly competitive. They 
also enhance regional energy diplomacy by linking renewable-
rich regions with industrial and maritime demand centers 
across borders.

	 8.	 Investment profile

Connector ports demand very high levels of investment, 
particularly in pipelines and conversion facilities.

The European Green Hydrogen Backbone initiative illustrates 
this scale, with plans for 53,000 kilometers of green hydrogen 
pipelines by 2040.

Of this, 60% will be repurposed natural gas pipelines and 40% 
newly built, requiring €80–143 billion - less than half the cost of 
equivalent new infrastructure.

Projects such as AquaDuctus in the German North Sea, 
connecting offshore wind to Wilhelmshaven and the German-
Dutch border, show the scale of infrastructure already underway.

	 9.	 Supply chain role

Connectors serve as regional distributors and intermediaries, 
linking renewable-rich supply regions to industrial and maritime 
demand hubs.

Their ability to move large green hydrogen volumes at low 
cost, while serving as bunkering nodes along global corridors, 
makes them indispensable in building integrated cross-sector 
fuel networks.
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Case Study: Port of Rotterdam –  
Regional green hydrogen connector
The Port of Rotterdam, Europe’s largest since the 1960s, 
exemplifies the Connector archetype in its transformation from a 
traditional petrochemical hub into the central node of Northwest 
Europe’s green hydrogen pipeline network.

Rotterdam’s strength lies in proximity to renewable resources. 
While not fully dependent on local generation, the port sits within 

pipeline-feasible distance of multiple green hydrogen production 
sources across Europe and North Africa. This allows it to act as a 
critical intermediary between renewable-rich regions and major 
industrial demand centers.

Its unique role is underpinned by grid and industrial expertise. 
Rotterdam’s extensive petrochemical pipeline network, built 
over decades to serve refineries and chemical plants, provides 
the backbone for rapid conversion to green hydrogen transport. 
Its location at the mouth of the Rhine delta gives it unmatched 
access to inland industrial clusters across the Netherlands, 
Belgium, and Germany.

The port leverages cross-sector demand aggregation, serving 
as the distribution hub for green hydrogen from offshore wind in 
the North Sea, potential imports from North Africa, and domestic 
European production. This integration makes Rotterdam the key 
link between supply regions and steel, chemical, and power 
industries, alongside shipping.

Bunkering and refueling infrastructure reinforces this role. As 
Northwest Europe’s main maritime gateway, Rotterdam can 
distribute green hydrogen for shipping while coordinating storage 
and buffering functions for the regional system.

The port’s strategic trade advantage comes from regional 
coordination. Initiatives such as the Delta Rhine Corridor – a 
planned 1,100-kilometre green hydrogen pipeline to North Rhine-
Westphalia by 2030 – show how Rotterdam anchors multinational 
projects that spread costs and risks across stakeholders. 
By aligning with Antwerp-Bruges on projects like Pipelink, 
a transnational CO₂ and green hydrogen pipeline network, 
Rotterdam strengthens its role as the region’s connector.

Rotterdam’s investment profile differs from greenfield Source or 
Producer projects. Instead of starting from scratch, it is building 
on existing infrastructure and relationships to repurpose pipelines 
and accelerate deployment.

Its supply chain role is that of a regional distributor and buffer 
hub. Rotterdam captures both import and export opportunities 
while stabilizing flows through storage and coordination with 
neighboring ports.

The Rotterdam model demonstrates how established industrial 
ports can leverage legacy infrastructure to become green 
hydrogen connectors, showing that regional cooperation is 
the most efficient path to scale the green hydrogen economy 
in Europe.

	 iii.	 Receivers: Long-distance import specialists

	 1.	 Proximity to renewable resources

Receiver ports are typically not located near large-scale 
renewable resources.

Instead, they rely on imports of green hydrogen carriers such as 
ammonia or methanol from global production centers.

Singapore, which processes 55 million tons of marine fuel 
annually, is the leading example of this model.

	 2.	 Access to water resources

Since green hydrogen production takes place elsewhere, 
Receivers have minimal water requirements for fuel supply.

Their focus is on safe handling, storage, and distribution of 
imported carrier molecules.

	 3.	 Land availability

Receivers need sufficient land for import terminals, storage tanks, 
and refueling infrastructure.

In dense hubs such as Singapore, land is used intensively, making 
efficient design and integration of facilities essential.

Compact, modular storage and new floating bunkers can also 
reduce land pressure and allow parallel conventional and 
e-fuel operations.

	 4.	 Grid and industrial expertise

These ports are global leaders in logistics, hazardous material 
handling, and fuel trading.

Bunkering of e-fuels can be seen simply as an extension of 
existing expertise and standards.

Their experience in managing large volumes of complex energy 
flows is unmatched.
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	 5.	 Cross-sector demand aggregation

Receivers often serve as centers not only for shipping but also for 
aviation, power generation, and trade logistics.

This concentration of demand makes them natural hubs for 
distributing imported green hydrogen-based fuels across 
multiple sectors.

	 6.	 Bunkering and refueling infrastructure

Their greatest strength is continuity. Receivers preserve 
established bunkering locations and infrastructure, allowing 
shipowners to transition to new fuels without altering their global 
routing patterns.

Receivers can build on their long-standing role in importing 
conventional fuels by updating handling standards for e-fuels.

This reduces adoption barriers by ensuring vessels can refuel in 
familiar hubs with proven reliability.

	 7.	 Strategic trade advantage

Receivers anchor global markets by combining continuity with 
trading scale.

They stabilize supply and pricing through established 
relationships with vessel operators and fuel producers, 
sophisticated hedging strategies, and diversified portfolios of 
supplier nations.

Their ability to manage large storage capacities further enhances 
resilience against short-term disruptions.

	 8.	 Investment profile

Substantial investment is required in import infrastructure, carrier-
specific handling systems, and large-scale storage.

In some cases, external financing will be necessary to ensure 
capacity keeps pace with global shipping’s fuel demand.

	 9.	 Supply chain role

Receivers serve as import hubs and trading platforms that 
provide liquidity and stability to the global fuel market.

By maintaining the world’s major bunkering hubs while shifting 
to carbon-neutral fuels, they reduce transition complexity and 
ensure that global shipping has secure, reliable access to 
carbon-neutral fuels.
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Case Study: Port of Singapore – Global 
fuel import specialist
For over five decades, the Port of Singapore has been the world’s 
largest bunkering hub, epitomizing the Receiver archetype.

It is now transforming from a traditional marine fuel supplier into a 
sophisticated import terminal for next-generation shipping fuels.

In 2024 it handled a record 55 million tons of marine fuel, 
cementing its position as the dominant global bunkering center 
while building infrastructure to import and distribute green 
methanol, ammonia, and green hydrogen-based fuels.92

Singapore’s success rests on proximity to renewable resources 
understood in reverse: it has very limited domestic renewables 
and therefore must import nearly all of its energy. Over 95% of its 
energy requirements are met through imports, making advanced 
logistics central to its competitiveness.

Its grid and industrial expertise are world-class. Decades of 
experience with complex fuel imports and hazardous material 
handling give Singapore unmatched capabilities in logistics, 
storage, and distribution, which directly translate to carbon-
neutral fuel management.93

The port’s bunkering and refueling infrastructure is its defining 
asset. It has long been the world’s busiest bunkering center, and 
its Maritime and Port Authority is adapting that infrastructure 
for new fuel types. From 2025 it will issue licenses for methanol 
supply, reflecting a pragmatic strategy of building on proven 
strengths while expanding into future fuels.94

Singapore’s strategic trade advantage comes from its 
location at the intersection of major global shipping routes 
and its established role as a neutral and reliable fuel hub. Its 
sophisticated workforce, policy support, and credibility with 
shipowners ensure that it can remain central to global fuel 
distribution even as the mix of fuels changes.

The investment profile emphasizes adaptation rather than 
production. With limited land and modest renewable potential, 
Singapore does not seek to produce green hydrogen at scale. 
Instead, it channels government support and private capital into 
upgrading import, storage, and handling systems for multiple 
carbon-neutral fuels.

Its supply chain role is that of a global trading and import hub. 
By specializing in importing, storing, and distributing carbon-
neutral fuels, Singapore maintains its leadership as a maritime 
hub and offers shipowners reliable access to new fuels as they 
scale globally.95

The Singapore model shows how established bunkering centers 
can remain indispensable by focusing on what they do best: 
acting as sophisticated fuel importers and distributors rather 
than attempting to become producers.

	 iv.	 Sources: Generation powerhouses

	 1.	 Proximity to renewable resources

Source ports are located in regions with exceptional solar and 
wind capacity factors, allowing green hydrogen to be produced at 
costs far below global averages.

Their defining feature is access to world-class renewable 
resources, which translates directly into competitive 
production economics.

	 2.	 Access to water resources

Electrolysis at the scale envisioned for Sources requires secure 
water supply, which is typically provided through integrated 
desalination facilities.

These systems ensure reliable volumes for green hydrogen and 
ammonia production, even in arid coastal desert locations.

	 3.	 Land availability

A Source port has extensive coastal land with few competing 
uses. This enables the siting of massive renewable energy 
projects, electrolysis plants, and export terminals.

The scale of available land is a major factor in lowering 
production costs and supporting future expansion.

	 4.	 Grid and industrial expertise

Many Source ports are entirely new, built around green hydrogen 
export rather than adapted from existing infrastructure.

Some, however, leverage their history as energy or commodity 
export hubs.

Port Hedland and Dampier in Australia exemplify this evolution, 
shifting from raw material exports to green hydrogen. NEOM 
Oxagon in Saudi Arabia, by contrast, is designed from inception 
as an integrated green hydrogen and ammonia complex.
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	 5.	 Cross-sector demand aggregation

While their main role is export, some Sources can also serve 
regional industries such as aviation, steel, chemicals, power, 
or agriculture.

These connections add resilience and can accelerate domestic 
decarbonization alongside their global export role.

	 6.	 Bunkering and refueling infrastructure

Bunkering is not the central purpose of a Source port, but in 
some cases, such as Port Hedland, bunkering functions can be 
integrated to serve vessels on major commodity routes.

The priority, however, remains bulk export of e-fuels.

	 7.	 Strategic trade advantage

Source ports hold a unique position in the global fuel system.

Their superior renewable resources deliver the lowest production 
costs worldwide, and their giga-scale export capacity enables 
them to underpin international fuel corridors.

Purpose-built export infrastructure ensures reliable flows of 
green hydrogen and ammonia to Receivers and Connectors 
across continents.

	 8.	 Investment profile

Building a Source port requires vast greenfield investment, often 
supported by international financing and long-term offtake 
agreements. NEOM Oxagon targets 600,000 tons of green 
ammonia annually by 2026. Chile’s Port of Mejillones aims for 1 
million tons of green hydrogen by 2030.

•	 The Asian Renewable Energy Hub in Australia plans 1.6 million 
tons of green hydrogen annually.

•	 Port Bonython is targeting 1.8 million tons of ammonia by 2030 
with government support.

•	 Namibia’s Walvis Bay is aiming for 10–12 million tons of 
ammonia equivalent by 2030, reflecting Africa’s emerging role.

	 9.	 Supply chain role

Sources function as dedicated global suppliers.

By producing green hydrogen and e-fuels at scale and at the 
lowest costs, they provide the foundation for international flows 
to Receivers and Connectors.

They enable shipping, aviation, steel, and other hard-to-abate 
industries worldwide to access the volumes required for net zero.
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Port Bonython illustrates what is possible when a port is designed 
from the ground up as a green hydrogen export hub.

Its strategy of leveraging world-class renewables, purpose-
built export infrastructure, and cross-sector fuel production 
demonstrates how ports can become accelerators of the global 
energy transition rather than passive participants.

If a greenfield port can align its role so clearly with the needs of 
shipping, aviation, steel, and power, what can existing ports do to 
unlock a cross-sector energy transition at scale?

The answers lead directly into the key findings and 
recommendations of this report.

Case Study: Port of Bonython – Purpose-
built green hydrogen export powerhouse
Port Bonython in Southern Australia exemplifies the Source 
archetype, designed from the ground up as a green 

hydrogen and derivatives export hub rather than adapting 
legacy infrastructure.96

Its foundation is proximity to renewable resources, drawing on 
South Australia’s exceptional wind and solar potential, among 
the highest capacity factors globally. This renewable strength 
positions Bonython as one of the lowest-cost green hydrogen 
production locations worldwide.97

The port benefits from land availability, with space on the 
Spencer Gulf dedicated to industrial-scale electrolysis and 
ammonia production facilities.

Its defining role lies in bunkering and refueling infrastructure 
optimized for exports. Purpose-built maritime facilities are 
tailored to large-scale green hydrogen and ammonia shipments, 
emphasizing international trade rather than domestic supply.98

Bonython’s strategic trade advantage comes from export 
specialization. By focusing solely on industrial-scale, export-
oriented green hydrogen and ammonia production, it achieves 
economies of scale that ports serving domestic markets cannot 
match. This includes producing e-ammonia for shipping fuels 

and industrial applications, as well as feedstock for sustainable 
aviation fuels and other e-fuels.

The investment profile is reinforced by South Australia’s stable 
political environment and strong mining export expertise, which 
provide the institutional framework for large-scale energy 
projects. Importantly, development continues despite the 
dissolution of the Office of Green Hydrogen Power in May 2025, 
reflecting commercial fundamentals strong enough to attract 
investment without reliance on specific government programs.

Finally, its supply chain role is that of a dedicated export hub 
serving multiple global end markets.

By aggregating cross-sector demand across shipping, 
aviation, and industry, Bonython secures the scale required for 
capital-intensive projects.

It represents the broader global emergence of purpose-built 
green hydrogen export ports, signaling a shift from fossil-based 
energy exports toward renewable-driven green hydrogen 
trade corridors.
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Key findings and recommendations: Breaking the deadlock and mobilizing the 
cross-sector energy transition

Efficiency is not only a bridge to 2030 
targets but also a multiplier of the 
impact of every scarce ton of green 
hydrogen and e-fuel that arrives in the 
2030s and 2040s.

The industry has built dual-fuel-ready 
ships at record pace, but without 
scaled supply, those ships wait for 
fuels that do not yet exist.

Green hydrogen is the 
indispensable feedstock for future 
carbon-neutral fuels.

The supply of biofuels is finite, and 
investment should be rechanneled 
into the viable carbon-neutral fuels of 
the future.

Green funds are available, but not at 
the scale needed, and new financial 
instruments are needed to unlock 
them for shipping’s transition.

Where policy alignment is strong, 
capital flows. Harmonize national 
energy policies and incentives to 
support the green hydrogen economy 
and the IMO global net zero goals.

Ports can play a decisive role in 
breaking shipping’s carbon-neutral 
fuel deadlock by becoming the 
orchestrators of cross-sector demand.

If ports and their partners anchor 
cross-sector demand, capital will 
flow, green hydrogen will scale, and 
efficiency will multiply the impact.

1 | �Efficiency must ‘go viral’. It is the first fuel in 
shipping’s decarbonization race.

2 | �The ships are ready. The fuels are missing.

3 | �Green hydrogen: Indispensable feedstock and 
strategic energy security resource.

4 | �Biofuels are a stopgap, not a destination.

5 | �Carbon capture is essential, both for e-fuels 
and fossil mitigation.

6 | �Green finance gap: Unlocking capital at the 
scale shipping needs.

7 | �Global goals need local action: Align energy 
incentives with IMO net zero.

8 | �Ports provide the platform, but who will lead?
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This report’s analysis – from mapping fuel pathways, to 
synthesizing stakeholder interviews, to examining port 
archetypes and global trade dynamics – converges on a 
single truth.

Ports have always been the backbone of the global 
energy system.

Now that backbone is being remapped, as nation-sized 
green hydrogen hubs become the vertebrae of a new global 
hydrogen economy.

Ports can play a decisive role in breaking shipping’s carbon-
neutral fuel deadlock by becoming the orchestrators of 
cross-sector demand.

Fragmented initiatives and voluntary coalitions cannot generate 
the certainty investors require.

As Didier de Beaumont (Port of Amsterdam) explains,

“The regulation needs to be clear for a long period, because 
these investments are huge sums of money.

”

Ports that commit early to specific roles, develop readiness 
frameworks, and convene cross-sector offtake platforms will 
be the ones that unlock the first wave of green hydrogen and 
e-fuel investment.

Global trade realities reinforce the urgency. The United Nations 
Conference on Trade and Development (UNCTAD) warns that the 
shift to carbon-neutral fuels will increase costs and redistribute 
flows across ports and regions.99 100

Professor Lynn Loo (Global Centre for Maritime Decarbonisation) 
notes, 

“The energy transition will naturally reshape port dynamics, 
allowing for ports that don’t exist yet to come into existence, 
and for ports that are in operation today to be significantly 
less important.

”The operational flexibility that has defined shipping for centuries 
will not survive unaltered in the net zero era.

Lower energy density and uneven geography of new fuels will 
force more frequent bunkering stops, creating entirely new 
strategic positions, while potentially rendering others obsolete.

However, ports can play a role here, too, in retaining that 
flexibility, by using cross-sector demand to pull e-fuels to smaller 
ports, enabling more of the bulk and tramp segment to participate 
in a hydrogen economy.

The long-standing risk-management strategy of “diversify 
across all fuels” will no longer work.

It is precisely that fragmentation which has stalled investment 
at scale.

The industry has built dual-fuel-ready ships at record pace – 
e.g., fuel injectors are flying off production lines – but without 
scaled supply, those ships wait for fuels that do not yet exist.

Breaking deadlocks and mobilizing a cross-sector energy 
transition is not optional.

It is the only way to assure shipping’s own energy transition, and 
to strengthen rather than fragment global trade in a net zero, 
green hydrogen-based economy.

In the process, shipping and the other hard-to-abate sectors will 
have the chance to build a net zero future by 2050.

If ports are to take on this leadership role, the full stakeholder 
ecosystem must move with equal urgency.

Key findings and recommendations: 
Breaking the deadlock and mobilizing 
the cross-sector energy transition
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From this foundation, the following key findings and 
recommendations set out the practical actions that industry, 
policymakers, investors, and ports can take to mobilize the 
cross-sector energy transition for a net zero future.

1 | �Efficiency must ‘go viral’. It is the first fuel in 
shipping’s decarbonization race.

Efficiency is the most abundant and cost-effective lever for 
decarbonization that we have today. Shipping must ‘go viral’ 
with efficiency, to reduce emissions now, and prepare for 
efficient use of future carbon-neutral fuels.
•	 The International Energy Agency (IEA) has long called 

energy efficiency “the first fuel”, emphasizing that it is 
“abundantly available and cheap to extract” and provides 
some of the quickest, most cost-effective emissions 
mitigation opportunities.101

•	 Technical and operational efficiency measures could cut 
emissions by over 30% by 2030.

•	 Efficiency is not only a bridge to 2030 targets but also a 
multiplier of the impact of every scarce ton of green hydrogen 
and e-fuel that arrives in the 2030s and 2040s.

Stakeholder actions
•	 Shipowners and operators: Treat efficiency as a fuel in its 

own right. Prioritize retrofits and operational upgrades across 
the fleet and use digital monitoring to verify results and 
strengthen compliance.

•	 Regulators: Ensure that IMO, EU ETS, and FuelEU Maritime 
frameworks immediately credit verified efficiency measures, 
and harmonize methodologies to avoid compound 
compliance costs.

•	 Investors and insurers: Link financing and risk products to 
efficiency outcomes, so that verified emissions reductions 
become investable and generate reinvestment momentum.

2 | The ships are ready. The fuels are missing.

The global fleet is becoming carbon-neutral-fuel-ready, but the 
supply of e-fuels in 2030 will cover just 4–8% of the IMO’s 5% 
minimum target, making accelerated production essential.

Dual-fuel and fuel-ready vessels already dominate orderbooks, 
yet fuel supply reaching final investment decision falls far short of 
what is required.

Stakeholder actions
•	 Fuel producers: Accelerate projects to final investment 

decision in line with IMO and EU compliance timelines, 
by prioritizing and collaborating with ports serving 
multiple sectors.

•	 Charterers and cargo owners: Assess whether pooling offtake 
demand for bankable volumes and shared risk would allow you 
to commit to long-term offtake agreements for e-methanol, 
e-ammonia, or e-methane.

•	 Ports: Where possible, convene shipping and other hard-to-
abate industries to aggregate demand and align infrastructure. 
Use this dispersed cross-sector pull to establish earlier 
bunkering and storage for e-fuels and carbon, ahead of a full-
scale energy transition and demand.

3 | �Green hydrogen: Indispensable feedstock and 
strategic energy security resource.

Green hydrogen is the indispensable feedstock for 
future carbon-neutral fuels, and also a strategic energy 
security resource that shipping cannot access without 
cross-sector collaboration.
•	 Every viable pathway converges on green hydrogen. By 

2050 shipping will require 100–150 million tons as feedstock, 
competing with aviation, steel, cement, agriculture, power 
generation, and chemicals.

•	 Alone, shipping lacks the purchasing power to drive projects of 
this scale.

•	 Beyond decarbonization, green hydrogen is already being 
treated by governments as a foundation of industrial 
competitiveness and energy sovereignty, making cross-sector 
alliances essential.

Stakeholder actions
•	 Fuel producers: Work with investors, shipping and energy 

regulators, ports, shipping, aviation, and industry leaders to 
aggregate demand, establish standards, and achieve economy 
of scale for accelerated development and competitive pricing. 

•	 Cross-sector net zero alliance: Build joint procurement 
and investment platforms across shipping, aviation, 
and industry with common timelines, pricing floors, and 
risk-sharing structures.

•	 Governments and flag states: Integrate shipping into national 
green hydrogen strategies, ensuring the sector is allocated a 
share of incentives, production, and import capacity rather 
than left last in line.
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4 | Biofuels are a stopgap, not a destination.

The supply of biofuels is finite, and investment should be 
rechanneled into the viable carbon-neutral fuels of the future.
•	 Biofuels, although useful as a bridge, are not scalable. 

Shipping’s share is less than 1% of the 111 million tons of 
biofuels available today, with road transport using 98.9%, and 
aviation 0.5%102

•	 Even under optimistic projections, biofuels can only supply a 
fraction of maritime demand by 2050.

•	 As one stakeholder put it, “Eat the food, don’t burn it.”

•	 Most available production is already constrained by land, 
water, and food system limits, while aviation is expected to 
claim the lion’s share due to its lack of alternatives.

•	 Investing in biofuels as a long-term solution risks channeling 
critical funds towards a low-impact decarbonization path, and 
delaying the shift to scalable green hydrogen-based pathways.

Stakeholder actions
•	 Governments and industry: Avoid policies or investment 

strategies that lean heavily on biofuels for shipping. 

•	 Direct subsidies and capital instead toward developing green 
hydrogen, e-fuels, and carbon capture as the real foundations 
for scale.

•	 Harmonize the IMO 2030 5-10% carbon-neutral fuel 
requirements with the cross-sector, long-term focus of those 
EU regulations, such as FuelEU Maritime, which do not count 
crop-based biofuels towards the fulfilment of greenhouse gas 
intensity targets.

•	 Cross-sector net zero alliance: Establish clear allocation 
frameworks so that scarce sustainable biofuels go where they 
are genuinely indispensable, such as in aviation or certain 
regional transport niches, rather than being locked into 
shipping at the expense of longer-term solutions.

5 | �Carbon capture is essential, both for e-fuels and 
fossil mitigation.

Carbon capture is essential both as a feedstock for e-fuels and 
as a safeguard against continuing fossil emissions, serving on a 
parallel track to green hydrogen.

The historical energy curve shows that new fuels rarely displace 
older ones completely. Oil, coal, and gas will continue for 
decades, which means carbon capture will be needed in two 
distinct roles.

First, direct air capture (DAC) is required to provide green 
feedstock for e-fuels like e-methanol and e-methane. Without 
captured CO₂, these green hydrogen-based fuels cannot scale.

Second, carbon capture and storage (CCS) is needed to capture 
and sequester fossil emissions from ships and industrial facilities 
during the long transition when hydrocarbons remain in use.

Both tracks must advance in parallel to keep the 2050 net zero 
target in reach.

Stakeholder actions
•	 Industry and governments: Accelerate investment in both DAC 

for fuel feedstocks and CCS for fossil emission mitigation.

•	 Regulators: Establish regulatory recognition so that DAC-
captured carbon used as e-fuel input, and CCS permanently 
stored, both count as verified compliance under the IMO Net 
Zero Framework and national systems.

•	 Cross-sector net zero alliance: Build shared infrastructure for 
carbon capture, transport, and storage, including pipelines, 
terminals, and geological storage hubs.

•	 Collaboration with power, steel, and cement sectors can lower 
costs and create economies of scale that make DAC and CCS 
viable for shipping.

6 | �Closing the green finance gap: Unlocking capital at 
the scale required.

Green funds are available, but new financial instruments are 
needed to unlock them for shipping’s transition.
•	 Of the $3.5 trillion103 in ESG assets under management, only 

$14.5 billion has been earmarked for shipping since 2018.104

•	 This is insufficient to meet the $2 to $3 trillion required to scale 
green hydrogen for shipping.105

•	 To unlock these funds at scale, investors need high-volume, 
consolidated cross-sector demand, and transparent, long-term 
contracts, and reliable ESG reporting.

•	 Current shipping models do not provide that, but new financial 
instruments can.

•	 Expanding frameworks such as the Poseidon Principles to 
cover green hydrogen infrastructure and carbon capture, 
linking loans to verified carbon savings, and creating 
pooled funds across sectors would channel capital into 
shipping’s transition.

•	 Digital optimization and emissions reporting from ships can 
also support stronger investor interest.

Stakeholder actions
•	 Investors: Develop blended finance instruments and pooled 

funds that spread risk across government, shipping, aviation, 
and heavy industry. Link financing terms to carbon intensity 
reductions verified under IMO and regional schemes.

•	 Shipowners and cargo owners: Work with investors to structure 
bankable offtake agreements that tie repayment to avoided 
carbon costs and verified emissions savings. Participate in 
cross-sector financing platforms to secure affordable access 
to fuels and infrastructure. Use digital optimization and 
emissions reporting to provide greater ESG certainty.

•	 Governments: Support private investors by reducing risk, for 
example through loss guarantees, co-investment, or low-cost 
public loans. This will help direct ESG capital into shipping 
projects rather than leaving it on the sidelines.
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7 | �Global goals need local action: Align energy 
incentives with IMO net zero.

Where policy alignment is strong, capital flows. Harmonize 
national energy policies and incentives to support the green 
hydrogen economy and the IMO global net zero goals.
•	 Europe, Australia, and the Middle East are advancing with clear 

green hydrogen frameworks that give investors confidence, 
while recent policy reversals in the United States have slowed 
momentum there.

•	 Fragmented regional rules and competing certification 
schemes create uncertainty, undermine national energy 
security, raise compliance costs, and risk delaying final 
investment decisions.

•	 The IMO Net Zero Framework offers the best chance for a level 
global playing field, provided certification and carbon pricing 
standards harmonize internationally.

Stakeholder actions
•	 Governments and flag states: Align national energy and 

industrial incentives with the IMO Net Zero Framework so that 
supply- and demand-side measures support the attainment of 
global net zero standards and goals. 

•	 Provide long-term stability across election cycles to attract 
investment. 

•	 Establish green hydrogen and e-fuel certification systems that 
are compatible with IMO methodologies and interoperable 
across borders.

•	 Multilateral institutions: Use the IMO as an anchor to foster 
bilateral and regional partnerships to connect fragmented 
green hydrogen and carbon markets into a coherent 
global system.

•	 Promote the harmonization of certification, carbon pricing, 
and fuel standards to reduce complexity and unlock 
investor confidence.

8 | �Ports provide the platform, but who will lead?

The missing piece is a forum for cross-sector collaboration, with 
ports as the natural nexus of activity.

Shipping, aviation, steel, cement, chemicals, power, and 
agriculture all need the same green hydrogen-based fuels.

Ports are the natural meeting points for both energy and industry, 
yet no single forum or institution currently coordinates cross-
sector demand at this scale.

Without a trusted orchestrator, the risk is that promising 
infrastructure plans stall for lack of alignment.

Such a forum must go beyond demand aggregation to also 
address handling, safety, and business models. Its purpose 
would be to ensure both energy security and net zero progress 
through coordinated access to green hydrogen, carbon capture, 
and e-fuels.

Stakeholder actions
•	 Ports: Step forward as conveners by creating structured 

forums that bring together maritime customers and industrial 
users inland. Use these platforms to develop shared offtake 
agreements and coordinated infrastructure plans.

•	 Governments and flag states: Align national energy and 
industrial policies with the IMO Net Zero Framework so that 
supply- and demand-side incentives reinforce one another. 
Support ports with grants, guarantees, or co-investment 
schemes that make cross-sector aggregation financially 
viable. 

•	 This reduces the risk of fragmented approaches and 
helps create the scale and certainty fuel producers and 
investors require.

•	 Existing industry alliances: Consider whether new or expanded 
coalitions are required to complement ports’ facilitation role, 
ensuring that aggregated demand signals reach the scale 
producers and investors require to commit capital.

Shipping has already demonstrated that preparing the fleet 
for decarbonization is possible. The next step is participation 
in a cross-sector energy transition that secures the fuels and 
infrastructure no single industry can deliver alone.

Ports emerge as the natural focal points for this effort: 
by aggregating demand, aligning policies, and anchoring 
investment, they can turn fragmented signals into the scale and 
certainty needed for a net zero economy.

In the end, shipping’s role will be defined not only by its own 
progress, but by its ability to engage in a cross-sector energy 
transition that determines the resilience and prosperity of the 
global economy.
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Appendix

“Hydrogen economy” in national and institutional hydrogen strategies (2020–2025)

Country / Organization Term Used Excerpt
European Union Hydrogen economy; hydrogen strategy “Building up a hydrogen economy in Europe requires a full value chain approach.”106 

Germany Hydrogen economy (Wasserstoffwirtschaft); National 
Hydrogen Strategy

“Die Nationale Wasserstoffstrategie der Bundesregierung … legt die Leitplanken für den Einstieg in die 
Wasserstoffwirtschaft.”107 

United States Clean hydrogen economy “The Strategy lays the foundation for a strong, clean hydrogen economy.”108 

Canada Hydrogen economy; global hydrogen economy “Canada has played an important role in the development of the growing global hydrogen economy … 
The focus of the next 5-years will be on laying the foundation for the hydrogen economy in Canada.”109 

South Korea Hydrogen Economy Roadmap (official title) “In January 2019, Korea announced its Hydrogen Economy Roadmap.”110 

Australia Hydrogen economy “Australia can help build a clean, innovative, safe and competitive hydrogen industry that benefits all 
Australians and positions us to be a major player in the global hydrogen economy.”111 

Japan Hydrogen society (official framing) “The Initial Basic Hydrogen Strategy … aimed to realize a hydrogen society where hydrogen is utilized in 
daily life and industrial activities.”112 

China Hydrogen industry / system, not economy “The Plan … will promote the development of hydrogen energy industry and accelerate breakthroughs in 
key technologies.”113 

India Green hydrogen ecosystem “The Mission will lead to the development of a green hydrogen ecosystem in India.”114 

World Energy Council Hydrogen as energy carrier underpinning multiple sectors “Hydrogen as an energy carrier is in a very early stage (now year 5).”115 

“Hydrogen economy” in national and institutional hydrogen strategies (2020–2025)

A. Terminology
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“Carbon-neutral fuels” in scientific and cross-sector usage

Term Term Usage
Zero-emission fuels Used by the International Maritime Organization (IMO). Refers to tank-to-wake emissions — the exhaust at the ship’s funnel.

Carbon-neutral fuels Used in this report. Refers to well-to-wake accounting — full life-cycle emissions, including renewable electricity, feedstock, transport, processing, and offsets.

Cross-sector usage Aviation, steel, chemicals, and power generation generally use “carbon-neutral fuels” or “synthetic fuels” in strategies and investment frameworks.

Scientific usage The Intergovernmental Panel on Climate Change (IPCC), International Energy Agency (IEA), and United Nations Environment Programme (UNEP) generally use “carbon-
neutral” or “net zero” in describing fuel pathways.

“E-fuels” in cross-sector usage

Term Usage
E-fuels Used in this report. Refers to hydrogen-derived synthetic fuels produced using renewable electricity, including e-ammonia, e-methanol, and e-methane.

Synthetic fuels Alternative term often used in industry and policy documents. Refers to the same fuels as e-fuels.

Hydrogen derivatives Technical descriptor. Refers to fuels created by combining green hydrogen with captured carbon (for methanol, methane) or nitrogen (for ammonia).

“Carbon-neutral fuels” in scientific and cross-sector usage

“E-fuels” in cross-sector usage
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