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Reims, 1909

In 1909, 500,000 spectators gathered at Reims to watch 38 aircraft compete in a series of chal-

lenges that would prove the viability of heavier-than-air flight. The machines were extraordinary

in their diversity, each embodying a different theory of how humans might conquer the air (The

First Air Races, 2012). Visit any major airport or airshow today, and you will see near-identical

tube-and-wing turbofan aircraft, with Boeing’s 737 alone still running through variants since

1967 (Hayward, 2020). Something collapsed that early design diversity into uniformity.

That something is a recurring pattern in aviation history. Table 1 surveys the major eras

from antiquity to present day, and each follows a similar arc: a trigger opens a new design space

(a war, technological breakthrough, a crisis), divergent concepts compete for dominance, and

selection pressures (principally economics, safety, and manufacturability) take these concepts

toward an optimal design. The tube-and-wing turbofan represents the late stage converged

design of the ‘Jet Age’ — a configuration so refined that future advances such as Rolls-Royce’s

Ultrafan promise only small changes to the converged configuration (Rolls-Royce, 2026).

Yet a trigger for the next era is emerging. Governments worldwide are imposing ambitious

emissions targets and initiatives, such as Jet Zero which aims to deliver net zero civil aviation by

2050 (Department for Transport, 2022), forcing designers to optimise for a metric that was until

recent decades an afterthought: greenhouse gas emissions. Incremental Jet Age improvements

can further reduce emissions, but the fundamental tube-and-wing kerosene configuration was

optimised for other priorities (such as speed and seat-mile economics), so radical decarbonisation

requires revisiting the whole concept. Therefore, the new ‘Sustainability Era’ presents a wide

and divergent design space, much like that seen at Reims.

This essay argues that by 2055, selection pressures will collapse this diversity into clustered

designs, converging on distinct architectures for distinct mission profiles. However, just as

those 1909 pioneers could not have foreseen the ramifications of war only five years away, we

must acknowledge that unforeseen factors — conflict, recession, energy shocks, even artificial

intelligence — could redirect this trajectory entirely.
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Table 1: Aviation eras from antiquity to present day, adapted and condensed from sources
discussing the history of aviation (Bilstein, 2026; World Aviation, 2024).

Era Period Inspired By Initial

Concepts

Converged

Designs

Ended By

Conceptual Pre-1783 Curiosity; bird

observation

Tower jumping;

ornithopters;

kites; rotor toys

Lighter-than-air

achievable;

muscle-power not

Montgolfier’s

balloon flights

Lighter-than-air 1793–1900 Buoyancy

research

Hot air vs

hydrogen; rigid vs

non-rigid; novel

propulsion

Rigid dirigible

with IC engine

Heavier-than-air

approach proven

viable

Glider/Scientific 1850–1903 Cayley’s

aerodynamics

Mono/bi/multi-

planes; canard vs

tail; flat vs

camber wing

Fixed-wing,

cambered wing,

rear tail, biplane

Wright Flyer

power and

integrated control

Powered Pioneers 1903–1914 IC engine; prize

competitions

Canard vs tail;

wing-warp vs

ailerons; pusher

vs tractor

Tractor biplane;

ailerons; wheel

undercarriage

Start of WW1

WWI 1914–1918 Military necessity

and funding

Mono/bi/tri-

planes; rotary vs

inline engines;

wood vs metal

Tractor biplane,

inline engine,

metal fittings

End of WW1;

biplane

performance

ceiling

Interwar 1918–1939 Surplus pilots;

prizes; airmail;

civilian travel

Mono/bi-planes;

flying boats;

airships

Monoplane;

retractable gear

Start of WW2;

success of DC-3

WWII 1939–1945 Military necessity

and funding

Piston vs jet vs

rocket; axial vs

centrifugal

compressors;

flying wings

Jet propulsion;

tricycle gear;

tube-and-wing

End of WW2; jet

maturity

Jet Age 1945–present Jet maturity;

Cold War;

commercial

aviation

Straight vs swept

vs delta wings;

2/3/4 engines;

aluminium vs

composite;

turboprop vs

propfan vs

turbofan

Twin-engine

ETOPS;

fly-by-wire

–

Sustainability Present–2055 Climate change

and regulation

SAF vs electric vs

hydrogen;

blended wing;

eVTOL;

conventional

– –
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The New Design Space

Table 2: Leading concepts across four dimensions of aircraft design in the Sustainability era.

i) Fuel ii) Airframe iii) Propulsion

Architecture

iv) Mission Profile

Kerosene

SAF

Power-to-liquid (PtL)

Liquid/Gaseous Hy-

drogen (LH2/GH2)

Battery Electric

Hydrogen Fuel Cell

Tube-and-wing

“Double-bubble” lift-

ing body

Joined-box wing

Blended wing body

(BWB)

Flying wing

Truss-braced wing

Turbofan

Ultra-high BPR turbo-

fan

Turboprop

Propfan

Distributed electric

Boundary layer inges-

tion (BLI)

Hybrid-electric

Long-haul (>4000km)

Short-haul (1000–

4000km)

Regional (<1000km)

Urban air mobility

(UAM)

Supersonic

Table 2 maps the leading concepts across four dimensions of aircraft design: energy carrier, air-

frame, propulsion, and mission profile. The combinations appear near-infinite, yet physics and

engineering economics are already forcing complementary technologies into ‘clusters’. Liquid

hydrogen, for example, has poor volumetric energy density, requiring large tanks that penalise

conventional tube-and-wing fuselages; its volume requirements may favour high-volume config-

urations like blended-wing bodies or double-bubble designs, though these bring their own certi-

fication challenges (Bauen et al., 2020). Hydrogen suits long-range missions where its superior

gravimetric density offsets the tankage challenge. However, the airframe innovations hydrogen

requires — blended-wing bodies, for instance — face certification timelines that likely extend

beyond 2055, limiting hydrogen’s near-term role to smaller regional aircraft where the volume

penalty is manageable. Battery-electric propulsion faces the inverse constraint, acceptable by

volume but punishing by mass, limiting it to short-range, high-frequency operations where sim-

plicity and low noise compensate for the weight penalty. Sustainable aviation fuels (SAF) and

Power-to-liquid (PtL) are suitable candidates to ‘drop in’ to existing tube-and-wing airframes,

thus presenting the least technological disruption (Bauen et al., 2020). These affinities are not

predictions, but reflect the natural contours of the design space within which selection will occur.

Yet even the most elegant design clusters must overcome formidable barriers. The common

saying holds that aviation safety is written in blood; every regulation exists because something

once went wrong. This means that novel configurations face certification timelines measured

in decades, not years. Table 3 summarises some exemplar civil aviation programmes and their

resulting durations. For programmes with incremental changes to an existing technology, deliv-

ery can occur within a decade. However, more complex and recent programmes have extended

to over a decade, highlighting how slowly certification processes move. With fewer than thirty

years to the 2055 vision, this regulatory pace constrains what is achievable.
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Table 3: Recent civil aviation programmes and their duration, highlighting the speed at which
aviation and regulators can move. Summarised from (Heritage Concorde, 2026; Lucas, 2026;
Airbus, 2026; SatAir, 2023; The Museum of Flight, 2026; Boeing, 2026; Rolls-Royce, 2026)

Programme Launch Target Delivered Duration Notes

Concorde 1962 ∼1970 1976 14 years Novel supersonic airframe,

engines, materials

Boeing 747 1966 1969 1970 4 years First widebody; novel scale

Airbus A320 1984 1988 1988 4 years First digital fly-by-wire

Airbus A380 2000 2006 2007 7 years Double-deck scale

Boeing 787 2004 2008 2011 7 years Composite fuselage/wings

Boeing 777X 2013 2020 2027* 14 years New engines; folding wingtips

Rolls-Royce Ultrafan 2014 ∼2025 2030s* 16+ years Geared composite fan; new

combustor

Secondly, history warns us that good technologies can lose for reasons beyond their control.

In the 1980s, the Hamilton Standard and NASA propfan presented a 15–20% reduction in fuel

consumption versus the turbofans of the day (Lange, 1986). However, a sharp decline in fuel

prices and the high development costs stalled the project. The propfan was a superior technology

that never converged into mainstream aviation because the economics shifted beneath it.

Finally, each ‘technology cluster’ demands that countries buy into its ground-side infrastruc-

ture: hydrogen requires new refuelling systems and production facilities, blended-wing bodies

may require redesigned boarding gates and airbridges. Concorde demonstrated how a technolog-

ically successful aircraft may be operationally constrained when nations refuse to accommodate

it — noise restrictions limited its routes to overwater corridors, strangling its commercial viabil-

ity (Tunny, 2022). 2055 is less than thirty years away. The Jet Age’s convergence took roughly

the same span, but was underwritten by Cold War defence spending that subsidised research

and development at an extraordinary scale. No peacetime precedent exists for regulators and

industry moving at the pace that these timelines demand. Without wartime-level urgency ap-

plied to climate change, full convergence across all mission profiles is highly unlikely; instead,

different segments will converge at varying rates, each driven by its own pressures.

Long-haul aviation is likely to converge globally while short-haul and regional travel will

diverge regionally. Inter-continental routes will require countries to collaborate to find the

optimum long-haul aircraft solutions, favouring standardisation. These will be the most heavily

invested aircraft programmes, with incumbent manufacturers like Airbus and Boeing likely to

receive state support to ensure international connectivity. Additionally, around half of CO2

emissions from aviation come from long-haul travel, which accounts for 6% of the total flights

(Eurocontrol, 2021). This concentration of emissions will draw regulatory focus to long-haul

first, and because international routes require international agreement, standardisation becomes

a practical necessity. This will create pressure to find technological convergence faster than

for short-haul travel. Indeed, this urgency might favour low-risk drop-in fuels over radical

technological change, prioritising speed of decarbonisation over optimal efficiency.

While long-haul aviation favours international collaboration, short-haul presents an entirely

different optimisation problem — one where geography drives technological divergence. Nor-
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way exemplifies the case for hydrogen-powered regional aviation; abundant, cheap hydroelectric

power makes green hydrogen economically viable (Cheng et al., 2024), fjord geography keeps sur-

face transport slow enough that air travel remains competitive over shorter ranges (Lian, 2010),

and typical mission profiles feature short hops with low passenger counts, favouring smaller

aircraft where hydrogen’s volume penalty remains manageable. Contrast this with Australia’s

vast distances and higher passenger volumes for domestic flights (Mohammadian et al., 2019);

hydrogen’s volume penalty becomes prohibitive and SAF or PtL, droppable into existing air-

frames, become the more natural fuel choice. The same decarbonisation goal thus produces

different technological clusters and different passenger experiences. A Norwegian commuter

boards a quiet, zero-emission hydrogen aircraft, while an Australian domestic passenger flies a

retrofitted kerosene platform. Over time, these visible differences risk shaping public confidence

in decarbonisation unevenly, even where the underlying emission reductions are equivalent.

A new emerging sector, urban air mobility, presents an exciting opportunity to vertically

expand intra-city traffic. Arguably, urban environments are largely similar worldwide, which

may suggest convergence pressures. Yet convergence is unlikely by 2055, and the reason lies in

regulatory structure. Long-haul aircraft cross borders, forcing international bodies (e.g. ICAO)

to harmonise standards — an aeroplane certified in Toulouse must land in Tokyo. Urban air

mobility is inherently local; an eVTOL operating in London need never fly to Paris. Without this

forcing function, local regulators face no penalty for pursuing different certification pathways.

Today, at least six major certification regimes exist — FAA, EASA, CAAC, Transport Canada,

ANAC, and Rosaviatsia — each with different standards and limited mutual recognition (Meng

et al., 2025).

However, the current market is dominated by a large variety of companies aiming to capture

early market share (LVC Network, 2025). Without an equivalent of international aviation certifi-

cation forcing standardisation, each city becomes its own mini-era, running its own convergence

cycle. The winners of this already crowded market will be determined by local regulators, local

infrastructure investment, and whichever company establishes operational credibility first.

Airports of 2055

These patterns of divergence and convergence will reshape not just aircraft, but the airports

that serve them. Consider three visions of 2055.

The first is the long-haul airport. Governments face intense pressure to decarbonise long-haul

aviation, given its disproportionate share of total emissions. This urgency, combined with the

economic motivation of being the first to market, leads manufacturers to make minor alterations

to current tube-and-wing platforms such as the Boeing 787 and A350. This means aircraft at

these airports will look very similar to those of today, albeit with alterations to accommodate

new fuel stock. Within 30 years, progression to direct combustion of liquid H2 seems feasible —

while the core thermodynamic cycle remains similar, hydrogen combustion requires substantial

redesign of fuel systems, combustors, and safety architecture. The issue of storage owing to

hydrogen’s volume penalty, combined with added mass for cryogenics, means this technology

is still new to market and only on the most modern aircraft. By 2055, blended-wing demon-

strators may be finally approaching certification, though full service entry likely lies beyond
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this timeframe. The rest of the aircraft in the airport are SAF and/or PtL retrofits of current

aircraft.

The key with future long-haul airports is that regardless of location around the world, these

airports are all the same. International collaboration regarding certification of aircraft types

and ground equipment requires this.

On the other hand, regional aircraft concepts would not require unanimous approval from

all regulators; therefore, the passenger passing into a short-haul airport could have entirely

different experiences based on which technology best suited the region. The potential divergence

in airframes could lead to airports themselves being entirely different. Proposed airship ports

might resemble grass airfields more than today’s concrete and asphalt airports (Hybrid Air

Vehicles, 2026). Furthermore, airships generate lift through buoyancy, giving them abundant

internal volume relative to their lift capacity — the cramped cabins of today’s aircraft could

become obsolete. Future airships would still be far slower, but the standard ticket could purchase

a comfortable lie-flat bed for a regional flight which potentially revolutionises leisure and business

air travel. The proposed variation in regional aircraft may even lead to tourism opportunities.

If only one region were to embrace airships at scale, this may generate a hype similar to that

which Concorde held for trans-Atlantic routes where it was similarly constrained to a select

route. This category of travel could breathe a sense of Reims excitement back into aviation.

For the urban mobility ports, whichever companies gain approval first in each city will capture

that market and infrastructure. This includes vertiports, charging systems, traffic management,

which will all be built to the specifications of the first mover. By 2055, this first-mover lock-in

will have created persistent fragmentation worldwide even if the underlying technology could

theoretically converge.

Finally, all airport classes will benefit from modern air traffic management strategies that

improve both the costs and environmental penalties of fuel burn. Operators will increasingly

route flights around contrail-forming altitudes (Williams et al., 2003), improved ATC systems

will have reduced holding times (Hamdan et al., 2019), and optimised routes to leverage atmo-

spheric wind fields (Wells et al., 2021). These will converge to international regulations just as

the long-haul aircraft will.
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Table 4: Summary of airport classes in 2055.

Class Inter-

continental/Long-haul

Regional/Short-haul Urban Mobility

Locations Outside major cities and

current aviation hubs

(e.g. London, Sydney,

New York)

Outside most cities and in

most regions

Multiple vertiports in each

city

Purpose To carry passengers long

distances (>4000km) be-

tween major global cities

To carry passengers re-

gionally between cities

To replace ground trans-

port, e.g. taxis

Technology

Diversity

Very low. One or two

fuel types favoured.

High. Platform and fuel

dependent on region.

Medium. Similar tech-

nologies from many com-

panies.

Potential

Fuels

Liquid H2, SAF, PtL Gaseous H2, SAF, Electric Electric

Potential

Platforms

Tube-and-wing; Blended-

wing under investigation

Tube-and-wing (bespoke

or retrofit); Airship

eVTOL drone

Notes New platforms being in-

vestigated for post-2055.

Two major manufac-

turers dominate (Air-

bus/Boeing).

High diversity with mul-

tiple different platforms

unique to each region.

Economic and Environmental Stakes

The patterns of convergence described above carry significant economic and environmental con-

sequences for decades to come.

At Reims, prizes were awarded for the best-performing aircraft in competitions such as

fastest climb and longest flight. The stakes for 2055 will be far higher; the winners will shape

a global industry for decades to come. Whichever manufacturers dominate the converged long-

haul aircraft market will form the next duopoly, mirroring the rise of Airbus and Boeing in the

Jet Age (Quartr, 2025). The regions that secure manufacturing roles within the new supply

chain will reap substantial economic benefits. Industry estimates suggest that for every local

aerospace job created, a further 3.4 jobs are induced, amplifying the rewards for those nations

that secure a position in the supply chain (Aerospace Industries Association, 2024). This may

incentivise fast convergence of design for long-haul aircraft, as countries outside of the duopoly

seek to become suppliers rather than designers, in the same way that different parts of the

Boeing 787 are manufactured in countries worldwide (Okeke-Korieocha, 2023).

While the economic benefits of the long-haul convergence will mirror what is seen in today’s

age, the technological diversity in regional aviation and the emerging urban air mobility sector

will create openings for national aerospace industries beyond the traditional duopoly. These will

not only come from design and manufacturing, but also servicing and operations. It is likely
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that governments will support their own national companies to maximise the benefit to their

people through jobs and industry.

Yet the driving purpose of these changes must not be forgotten: climate change. A hydrogen

aircraft burning carbon-free fuel at 35,000ft is only beneficial if the hydrogen is generated cleanly,

rather than simply moving the point of carbon generation to a grey or brown hydrogen station

on the ground. This requires technological uptake far beyond the airports of tomorrow; nations

will have to build environmentally friendly energy grids, transport, and infrastructure to enable

the sustainable era of aviation. Without this, the new technologies risk becoming expensive

‘greenwashing’.

As the propfan demonstrated, the economics must align or even superior technology will not

survive. For this sustainable future to materialise, the economics must at minimum not penalise

adoption. Aviation history suggests that without economic viability, even the most promising

technology will remain an academic curiosity rather than lead a new era.

Paris, 2055

Imagine a spectator travelling from Canada to the 2055 Paris Air Show. Their transatlantic

flight to London is aboard a tube-and-wing aircraft burning SAF — familiar, efficient, and

globally standardised. In London, they transfer to an overnight airship, drifting across the

Channel to a grass field beside Le Bourget. They disembark past a cluster of eVTOLs ferrying

Parisians directly to the show from their local vertiports. Overhead, a blended-wing hydrogen

demonstrator passes by, heralding the aircraft that may soon replace the tube-and-wing SAF

aircraft. The spectator’s journey echoes the experience of Reims over a century before: a

patchwork of machines, each optimised for its own purpose.

This is the Sustainability Era. It will not converge on a single dominant design as the Jet

Age did. It will produce clusters — long-haul standardised by international necessity, short-

haul diverged by geography and economics, urban mobility fragmented by local competition

and regulators. More than a century after Reims, aviation’s diversity will return. This time, by

design.
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