The Future of Flight: Imagining Aviation in 2055

1 Introduction: Why ‘new ideas’ must be system ideas

Most ‘aviation in 2055’ narratives focus on clean-sheet aircrafts. This view misses three important

points:
1. Long asset lives- slow fleet turnover
il. Getting certification for new fuels and designs depends on existing standards and safety
concerns
iii. Fuel and airport infrastructure takes decades to develop

A forward-thinking approach, therefore, is less about inventing an entirely new aircraft and more
about proposing system mechanisms that are deployable, and that can work with the current

constraints.

This essay presents a careful analysis of how aviation will change meaningfully but in uneven ways
by 2055. It then introduces three clear ‘acceleration mechanisms’ that pose a realistic vision of how
aviation in 2055 might look like: hydrogen corridors, retrofit pathways, and climate optimised
operations. These concepts come from ongoing research in airport infrastructure planning, aircraft
certification processes, and atmospheric science. These represent realistic engineering solutions rather

than mere speculation about the future.

2 Hydrogen Corridors

2.1 Why corridors are more realistic than universal hydrogen

‘Airport-side’ hydrogen is not a simple fuel swap. A comprehensive review of the airport requirements
shows that most airports are not ready for hydrogen operations and would need substantial changes to
land use, airside layouts, utilities, safety and security systems, and staff training (Gu et al., 2023). The
authors describe the next 5 to 10 years as a pivotal period, as early commercial hydrogen activity and
short-range aircraft are expected to enter service within that window. This is not just an administrative

hurdle. It reflects the basic physical realities of handling cryogenic fuel at -253°C.

Real-world examples make the scale of the challenge clearer. At Rotterdam The Hague Airport,
projected liquid hydrogen demand for 2050 ranges from 8 to 14 kilo tonnes per year. Research there
highlights that an effective LH» value chain depends heavily on being close to large hydrogen hubs,
having access to local renewable energy, and matching solutions to each airport’s specific
characteristics (Van Dijk et al., 2024). For large airports, a mature hydrogen system would likely rely

on pipelines and hydrants with careful thermal management, including subcooling and vapour



recycling to prevent flashing. These kind of ‘big hub’ solutions look very different from what smaller

airports can realistically afford or justify.

Delivery risks further strengthen the case for a corridor strategy. An assessment of the gap between
green hydrogen ambitions and actual implementation found that only 2% of tracked global capacity
announcements were completed on schedule (Odenweller and Ueckerdt, 2024). Capital shortages,
regulatory delays, and coordination problems all contribute to this shortfall. Given that track-record,
focusing investment on a smaller number of high-value nodes is likely to be more reliable than trying

to build hydrogen capability everywhere at once.

2.2  What a hydrogen corridor in 2055 looks like

A hydrogen corridor is a set of high-frequency short to medium haul routes linking airports that have
committed LH2 storage, refuelling infrastructure, safety protocols, and (in some cases) local

production capacity.

A realistic 2055 setup would likely look less like blanket adoption and more like a tiered airport

network, with each airport playing a different role.

Tier-1 hubs would function as the heavy lifters. They would host full liquid hydrogen receiving or
production facilities, carry between 5,000 and 15,000 tonnes of storage, and use hydrant refuelling
systems capable of supporting 10 to 30 hydrogen aircraft movements per day. These airports would
anchor dedicated corridors, where traffic volumes are high enough to justify the substantial upfront

investment.

Tier-2 corridor airports would operate at a smaller scale. They might hold 500 to 2,000 tonnes of LHa
storage and would typically be supplied by regional hydrogen hubs rather than producing fuel on site.
This setup would allow them to handle around 3 to 10 daily hydrogen movements without the cost

and complexity of full production infrastructure.

Tier-3 airports would not handle hydrogen at all. Instead, they would connect to the network through
sustainable aviation fuel powered aircraft and retrofitted regional planes providing feeder services into

the main corridors.

Network planning research already models hydrogen deployment across multiple airports rather than
everywhere at once. For example, a multi-hub optimisation framework applied to China’s domestic
aviation system shows that cost-effective rollout naturally concentrates on selected nodes instead of
universal coverage. Extending that logic globally, hydrogen corridors could reasonably account for
approximately half of passenger kilometres by 2055, while focusing infrastructure spending where

network effects maximise return.

Corridors reshape the aircraft design problem. Hydrogen aircraft are designed for routes with

guaranteed fuel availability, predictable turnaround times, and established maintenance capability.



This reduces adoption risk for airlines and increases aircraft utilisation—critical because corridor
economics function only if infrastructure is used intensively enough to amortise substantial capital

investment.
3 Retrofits

Commercial aircraft are long-lived assets. Most stay in service for 25 to 30 years, and many continue
flying well past 40 after undergoing refurbishment programmes. If a large share of today’s fleet is still
operating in 2055, relying only on brand-new aircraft means a significant portion of aviation would
remain tied to fossil fuels for decades. Retrofits offer a more practical, forward-looking path. They
align with the mid-life stage, when airlines already plan heavy maintenance checks and are more open
to major upgrades. Making changes at that point can feel less disruptive and more economical,

especially if the modifications lower fuel costs and reduce exposure to tightening regulations.

3.1 Technical plausibility

Retrofits are far from simple, but the certification discussion is already well underway within
regulatory and research circles. A hydrogen-powered aircraft certification gap analysis concludes that
many existing airworthiness rules remain broadly suitable, while also flagging specific gaps tied to
hydrogen hazards such as fire and explosion risk, integration of cryogenic storage, and fuel system
crashworthiness. The takeaway is that certification will be demanding but defined, with clear
problems to solve rather than unknown territory (Jézégou et al., 2025). Work examining certification
considerations for hydrogen-fuelled aircraft reaches a similar conclusion, noting that hydrogen’s
physical properties shape both design and compliance strategies, and that focused testing programmes

can address the remaining knowledge gaps (Certification Authority, 2022).

On the engineering side, the effort is equally concrete. Published optimisation studies of hydrogen-
kerosene hybrid combustion retrofit configurations show active exploration of practical architecture
choices for conversion pathways (Martinez and Jarrett, 2023). Additional feasibility and performance
assessments of retrofit hydrogen concepts reinforce that these ideas are being tested through

systematic analysis and modelling, not simply floated as speculative proposals.

3.2 Arrealistic 2055 scenario

The most convincing case for retrofits sits with regional aircraft, especially turboprops and small
regional jets flying on routes that link into hydrogen corridors. Their shorter ranges fit more
comfortably within hydrogen storage limits, and their tighter route structures make refuelling and
maintenance easier to manage in a controlled way. Retrofits will not eliminate the need for clean-sheet
hydrogen designs, but they can still play a meaningful role by converting part of the mid-life fleet
rather than waiting for those aircraft to age out of service. Even moderate uptake, such as converting

around 20% of regional aircraft built between 2025 and 2040 during scheduled heavy maintenance,



could lift the share of zero-operational-carbon flights by 2055 from about 20% to roughly 30 to 35%

of regional activity.

The economics also work in airlines’ favour. Retrofitting a 15-year-old regional turboprop with a
hydrogen system might cost £3 to £5 million, including equipment, installation, and certification,
compared with £25 to £35 million for a new hydrogen aircraft. For carriers operating fleets of 20 to 40
regional aircrafts, upgrading half the fleet by 2045 could deliver substantial emissions reductions at a

fraction of the capital outlay, while avoiding the need to speed up full fleet replacement.
4 Climate optimised operations

4.1 Why operations matter

Aviation’s climate footprint is not limited to carbon dioxide. Contrail cirrus, the thin ice clouds that
form from aircraft exhaust under the right atmospheric conditions, are a significant non-CO: source of
warming, and their impact depends heavily on when and where aircraft fly. Because of that, small
changes in routing can make a big difference. Climate optimised operations focus on reducing overall
climate forcing by steering aircraft away from ice-supersaturated regions, or ISSRs, where persistent,

warming contrails are most likely to form.

4.2 Feasible, low-cost contrail mitigation

Unusually for an operational measure in aviation, the evidence base is already strong. Several studies
suggest contrail avoidance is both practical and relatively low cost. A per-flight feasibility test run as a
randomised controlled trial in commercial service reported 64% fewer contrails for adjusted flights,
with about a 2% fuel penalty per flight (Sonabend-W et al., 2024). An operational analysis that
integrated contrail forecasts directly into a commercial flight-planning system achieved roughly 73%
lower contrail forcing with only a 0.11% fuel increase and a 0.08% cost rise (Frias et al., 2024). A
Europe-wide study found that climate optimised planning reduced overall climate impacts by 12.5%
for all flights at about a 0.2% cost increase, and by 21.3% for selected flights at around a 2.0% cost

increase, with contrail mitigation providing most of the benefit (Simorgh and Soler, 2025).

Together, these findings support a key point for 2055: software, forecasting, and air traffic
management can deliver meaningful climate gains without waiting for large-scale hydrogen aircraft
deployment. Forecasting capability is also improving. Ensemble approaches for predicting ISSRs
show higher detection rates and are already being used operationally, with more than 100 flights

rerouted since mid-2024 based on these forecasts (Hanst et al., 2025).

4.3 Operations in 2055
By 2055, a credible climate optimised operations stack could include three tightly linked layers. First,
a forecast layer would provide ensemble ISSR predictions and contrail forcing maps in formats that

dispatchers can use directly (Hanst et al., 2025; Engberg et al., 2025). Second, a planning layer would



embed algorithms that weigh small fuel or time penalties against expected contrail and nitrogen oxide
climate impacts, similar to research cost-function methods. Third, an air traffic management layer
would introduce procedures and incentives, such as environmental fees or slot priorities, to keep
climate optimal routing workable under real airspace constraints, while accounting for forecast

uncertainty and network effects.

This vision is forward-looking but grounded in reality. It essentially scales up what today’s trials and
simulations already show is possible. If, by 2055, around 60% of global flights adopt intelligent
contrail avoidance that cuts contrail forcing by 50% with an average 0.5% fuel penalty, the resulting
benefit could amount to roughly an 8 to 12% reduction in total aviation warming compared with

unmitigated operations, on top of gains from SAF and hydrogen propulsion.
S How these three mechanisms compound

These three mechanisms, hydrogen corridors, mid-life retrofits, and climate optimised operations,
work best not as stand-alone fixes but as connected system levers that reinforce one another. Corridors
focus infrastructure spending where traffic density and network effects make the investment
worthwhile, but they only deliver value if enough aircraft can actually use the fuel. Retrofits help
close that gap by bringing hydrogen capability into the existing fleet during mid-life maintenance,
allowing corridor traffic to scale faster than new aircraft deliveries alone would allow. At the same
time, climate optimised operations tackle non-CO: impacts across every aircraft type, whether
hydrogen, SAF-powered, or conventional, simply by improving routing decisions rather than

changing hardware.

The combined effect is significant. Corridors covering 30 to 40% of passenger-kilometres could
eliminate operational CO: on those routes. Retrofits might add hydrogen propulsion to another 5 to
10% of regional flying that would otherwise stay conventional through 2055. Climate optimised
operations could cut contrail forcing by roughly 8 to 12% across the whole fleet, addressing warming
that hydrogen and SAF do not fully remove. Pair that with SAF blending levels of 30 to 50%
worldwide, delivering around a 25 to 35% fleet-wide CO: reduction, and the result is a plausible 45 to
55% total emissions cut by 2055. It is steady progress rather than a single breakthrough, but progress
that adds up through smart system design.

Just as importantly, each measure targets a different bottleneck. Corridors turn the impracticality of
universal liquid hydrogen coverage into a manageable network planning problem. Retrofits tackle
slow fleet turnover by reframing it as a focused certification and integration task. Climate optimised
operations address non-CO: impacts by translating atmospheric science into practical flight planning

and air traffic management tools, with mitigation benefits that are already showing up at low cost.



6 Regional inequalities and implementation realities

Aviation decarbonisation by 2055 is unlikely to unfold evenly. Progress will vary sharply by region.
Wealthier, highly developed markets such as Western Europe, Japan, Singapore, and parts of North
America are positioned to reach 50 to 60% emissions reductions by combining hydrogen corridors,
high levels of SAF blending, and climate optimised operations. In contrast, many developing regions,
including Sub-Saharan Africa, South Asia, and parts of Latin America, will likely rely on largely
conventional fleets for longer. With tighter budgets, limited infrastructure, and weaker carbon pricing,

they may achieve only 15 to 25% reductions, mostly through gradual SAF uptake.

This divide largely reflects differences in economic and institutional capacity. Building hydrogen
supply chains requires substantial capital. Implementing carbon pricing and operational mandates
demands regulatory strength. Certifying and maintaining advanced propulsion systems takes technical
expertise. Where those foundations are weaker, progress slows. The global implementation gap for
hydrogen projects, where only 2% finish on schedule, becomes even more pronounced in regions
without experienced delivery teams or reliable access to financing (Odenweller and Ueckerdt, 2024).
The outcome raises environmental justice concerns: markets that contribute the least to overall
emissions risk being the slowest to decarbonise, potentially widening rather than closing existing

inequalities.
7 Conclusion

The forward-thinking contribution of this analysis does not come from claiming that everything will
run on hydrogen by 2055. Instead, it focuses on practical system architectures that make meaningful
decarbonisation achievable within real world limits. Hydrogen corridors turn, what would otherwise
be an infrastructure dead end, universal liquid hydrogen coverage, into a manageable network design
challenge grounded in airport planning constraints and hub-based optimisation. Retrofits tackle slow
fleet turnover by reframing it as a certification and integration task, one that can be addressed through
targeted regulation and engineering work already underway. Climate optimised operations,
meanwhile, treat non-CO: impacts as a flight planning and air traffic management problem, where

relatively low-cost mitigation has already been demonstrated in live trials.

Taken together, these approaches make the 2055 future easier to picture because they rely on concrete
mechanisms rather than broad technological optimism. They also feel more credible, since each is
supported by active research and operational evidence. The tone remains deliberately pragmatic, but
the direction is forward-looking, accelerating decarbonisation within the structural constraints that
shape aviation rather than pretending those constraints do not exist. Aviation in 2055 is unlikely to
deliver the full-scale transformation climate science would prefer, yet through coordinated
infrastructure, smart retrofits, and better operations, it can still achieve steady progress that

meaningfully cuts its climate footprint while preserving essential global connectivity.
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