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Prologue

My journey into space began on a narrow road outside Buckingham, a sleepy market town in the home counties. It was March 1989, not quite Easter, I was ten years old and Dad had decided it was a good idea to hit the M1 and M6 in our not-quite-as-good-as-a-Volvo family estate. Armed with a packed lunch of banana sandwiches, crisps and chocolate bars, about the limit of my father’s culinary capabilities, we joined the convoy of Ford Sierras and Fiestas, Austin Metros and Vauxhall Cavaliers heading for north-west England. 

Generally on a weekend, cars on the motorway would have scarves flapping out of windows, shouting affiliation to one football team or another, those inside heading north to Anfield or Old Trafford if they were lucky, perhaps Oakwell or Spotland if they weren’t. But that wasn’t us. We weren’t going that far; we pulled off instead at junction 18 of the M6, almost halfway between Sandbach and Knutsford services, before heading north on the A535 to the gateway to the universe. 

The Jodrell Bank Observatory had begun life just after the Second World War, when Bernard Lovell started using redundant military kit to study cosmic rays and grew tired of the interference produced by Manchester’s trams. After he relocated to a patch of rural Cheshire, several small telescopes followed before work began on the Lovell Telescope itself. This engineering marvel was completed in 1957 and for a while it was the world’s largest steerable dish radio telescope, with a diameter of 250 feet. It must have looked incredible then, like something out of science fiction, and more than three decades later it could still leave a ten-year-old awestruck.

With its face turned towards me, held by a lattice of metal struts, it looked like a full moon imprisoned in a cage. I had been hoping and praying that when Dad and I finally walked round it, trying to grasp both its sheer size and the scale of the mystery that had inspired it, it would jolt into action, tilting and rotating to track the movement of something in the sky above. Sadly, it never did. Nevertheless, even as it loomed over the Cheshire countryside like the giant tractor-eating alien in Ted Hughes’s Iron Man, a book I was reading at school at the time, I understood that it was also impossibly small, somehow trying to study something – the universe – that was unimaginably vast. 

Why did my father, Ian, take me all that way just to look at a huge, stationary dish? Well, he liked driving, for a start. He’d have loved a sports car but couldn’t afford one, yet that wasn’t going to stop him getting behind the wheel and motoring for hours. Perhaps if I’d been a sports nut like him we’d have waved a couple of team scarves out of a window, but, on those darkening evenings when he’d been shunted outside the family home to smoke a cigarette, he must have seen me looking up at the zenith, head cocked back, and thought on it. He must have seen me return again and again to my favourite book, a little Ladybird volume called The Night Sky, written by Mary T. Brück, the Irish astronomer and astrophysicist, and illustrated by Robert Ayton. I was gifted it when I was six or seven and must have read it a thousand times; I still have it. For me the main attraction, beyond the beauty of the cover art, with the Milky Way dropping into a thicket of black trees beside a village of dimly lit homes, was the star map at the back. From this I tried to memorise the names of the constellations, their brightest points and where the planets could be found on their strange voyages. 

It wasn’t long after that trip that I got my own small telescope, a Christmas present, and I’d go out on every clear night looking for dark corners to set it up, to study the moon or to try to settle on the brighter stars, always with the amber ember of a cigarette glowing a few metres away, trembling like the objects in the lens. As a teenager, I ventured out on my own, between the meadow at the end of the street and a patch of unbuilt-on ground behind our row of houses, but I’m sure Dad still stood sentry, even in the worst cold of cloudless winter nights. I still have that telescope too, although I’ve long since lost the copper pipes I’d used to extend its meagre tripod.

After that I spent countless adolescent hours poring over the images sent back from the Hubble Telescope of nebulae and starfields and galaxies; they were the first things I ever downloaded from the internet, back when a single photo could take three hours. I read dozens of sci-fi books, watched Star Trek and Babylon 5 religiously, dreamt of off-world colonies, the fleets and harbours of mankind’s journeys, and my excitement mounted with every real-life step and discovery. I still yearn for a return to the moon for the first time during my lifetime – that much may become obvious. 

If that journey north confirmed my fascination with space, then my love affair with architecture began only a little while later. Two years later, in fact, on a school exchange visit with a French family based just outside Paris. In between afternoon shifts picking grapes in their tiny vineyard in the Champagne region – after all, who can refuse free labour? – came a day trip to Paris to visit the Louvre. And there the juxtaposition of the Cour Napoléon courtyard with Ieoh Ming Pei’s glass pyramid, the mix of the old and the new, the historic and futuristic, fired my imagination even more than the artworks inside. The two teachers who were my hosts could not have given me a more memorable lesson. It stayed with me. Some years later I would relish the chance to study and write about architecture as a career – and not just because I’ve never really been cut out to be an astronaut.

It was perhaps inevitable, then, that one day I would fuse the twin interests and begin to explore what putting space and architecture together really means. What building in the uniquely hostile environments that lie outside our little blue planet would entail. What we will need to do to make those structures both beautiful and fit for purpose, like the telescope at Jodrell Bank. And why we need to think about these things now, not later, not at some unspecified date in the future. 

The essence of this book, then, is to show what millennia of dreaming and seventy-odd years of design and engineering have led to. How we are now poised, perhaps more than at any other moment in human history, to push on into the vastness of space and begin permanently settling the moon and Mars – one of the most important steps our species has ever undertaken. We will discover what this might look like, decide what principles it should follow and suggest how it will change architecture for ever. 

This isn’t a book about the engineering and tech that will make it possible, fascinating though they are. It’s not about the physics or the chemistry. Not even the rockets. This book asks how a new kind of architecture, developed for the most brutal places we can imagine, will take shape. Whether there will also be lessons for how we might ameliorate our environmental impact on Earth or rethink what is important in society. How our buildings and settlements everywhere will change as a result. 

Underpinning it all are hundreds of hours of interviews with experts in the field: architects and designers, researchers and scientists, engineers and astronauts. As such, it’s part survey, part collection of stories and anecdotes, and part polemic; your indulgence will be necessary. And at the end, I hope to offer some principles for its success, just as the Roman writer Marcus Vitruvius Pollio – commonly known as Vitruvius and the first writer on architecture1 – did at the close of the classical age. I hope you enjoy the journey.




PART I


How Did We Get Here?
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Where We Stand: An Introduction to Space Architecture 

Every civilisation is obliged to become spacefaring… for the most practical reason imaginable: staying alive. 

Carl Sagan1

On 20 January 2025, Donald Trump, taking the oath of office as president once more, stood beneath the vast dome of the US Capitol and announced the start of a second space race.

With the red and white bands of the flag as a backdrop, he leaned in close to the microphone and ended his speech by saying: ‘We will pursue our manifest destiny into the stars, launching American astronauts to plant the Stars and Stripes on the planet Mars.’

As the assembled dignitaries stood and applauded, the camera zoomed in on Elon Musk in the audience, beaming, giving a triumphant thumbs-up and mouthing ‘yes’. It was revealing: if the day had been all about Trump and the crowning moment of his comeback until then, it was clear the future belonged to the South Africa-born plutocrat. For if anyone was going to be sending astronauts to Mars, it would be Musk.

Of course, the strange friendship between the world’s richest man and the world’s most powerful man would last a mere five months, and the consequences of their falling-out are yet to be fully determined. But it was a remarkable moment: space, long neglected in the corridors of power, was back at the top of the political agenda. And everyone could see who had put it there. Yet for decades there had been nothing. The last man set foot on the moon – a mere three days trip by capsule – in 1972. This means that more than half of all the people alive today2 were born after the final lunar landing by Apollo 17, which is both astonishing and depressing. This period of over half a century represents an extraordinary hiatus in human endeavour and ambition.

Yes, stations such as Skylab, Mir and the International Space Station (ISS) have together hosted around 400 astronauts and their experiments and satellites3 have crowded into low Earth orbit like wasps around a summer picnic. But it seemed we had entered into a new dark age of stasis, penny-pinching and absence of will.

Well, all that is changing.

The Age of Croesus

A lot has happened in the past few years, as Trump’s speech showed. A new era has begun: the age of the technology magnate. With bank balances that read like some sort of binary code, these exceedingly rich individuals and their corporations have privately funded the development of new rockets and spacecraft, while unambiguously expressing an intention to reconnoitre and even colonise our nearest planetary neighbours – particularly the one that offers the best hope of sustaining some sort of civilisation on a permanent basis, the Red Planet. 

The most famous of these modern-day buccaneers is undoubtedly Musk, the Silicon Valley tycoon who runs SpaceX – the first privately funded company to successfully launch, orbit and recover a spacecraft – alongside Tesla and non-space X.4 He has already expressed his wish ‘to die on Mars, just not on impact’ and occasionally tweets about his vision for glass-domed cities on the planet. He has even advocated using nuclear bombs to transform the Martian atmosphere.5 

The relationship between the world’s wealthiest person and the forty-seventh president of the United States has been conspicuously up and down, but the truth is the two men need each other. The former has marshalled the technical brilliance to get the job done, the latter holds the permission slips. Musk certainly remains the frontrunner when it comes to developing the super heavy-lift rockets – notably through his Starship project – that will be essential to any serious attempt to colonise space, and the recent relaxing of environmental protection rules to enable commercial spaceship companies to increase the frequency of their launches6 suggests he still has credit in the White House. Meanwhile, Trump has committed to some ambitious targets:7 a return to the moon by 2028, the first base on the moon starting in 2030, replacing the ISS by 2030, and then onward travel to Mars.

Musk is a complex character. In January 2025 he was accused of giving a straight-arm fascist salute during celebrations for Trump’s inauguration that some commentators compared to a fascist or Nazi salute, although Musk rejected that interpretation, dismissing it as another tired everyone is Hitler attack. Meanwhile, his posts on X concerning Covid policy, geopolitics, elections and culture have repeatedly attracted controversy and criticism while his pronatalist views are reflected in his own family life: as of June 2026, he was publicly reported to be the father of at least fourteen children by the Wall Street Journal. But his deep pockets and mercurial talents underpin much of what is being proposed for space and some of what he has achieved is undoubtedly impressive. 

Watching the capture of the Starship rocket booster on its return to Earth by two giant mechanical arms in October 2024 evoked the same sense of awe as seeing the dart-like Concorde, in its prime, swoop low over the terraces of London on its way into Heathrow. Yet catching a skyscraper-sized booster falling from space was an even more extraordinary engineering feat than the first supersonic flight of that era-defining aircraft: it hovered at the edge of what is possible, a wonder of precision and control, and offered a similarly rare convergence of power and grace. And it wouldn’t have happened without Musk. 

Return to the Moon

That’s not to suggest that the future of space exploration belongs solely to the private sector – it doesn’t. Perhaps shamed into action or terrified of losing control, the United States’ National Aeronautics and Space Administration (NASA) is once again eyeing the ‘final frontier’ and, in particular, a return to the moon. 

Much delayed but nonetheless ambitious, the Artemis programme ultimately aspires to a permanent settlement on the moon in the next five years, powered by nuclear reactors, as the prelude to the conquest of Mars. Artemis I, an uncrewed test flight of the Space Launch System (SLS) heavy-lift rocket and the Orion spacecraft, took place in November 2022. After a delay of two years, in April 2026 Artemis II sent four astronauts around the moon, reaching a distance of 406,771 kilometres from Earth and setting a new record for the farthest travelled by a manned spacecraft. The Artemis III mission was subsequently downgraded to a low Earth orbit test mission and has already slipped from 2025 to 2027, while NASA has now decided Artemis IV will encompass the long-awaited return to the moon’s surface. Assuming it happens in 2028, which has long odds, it will be the first landing in fifty-six years and will almost certainly cause a surge of interest in space exploration. At some point after late 2028, Artemis V will begin construction of a lunar base to support sustained operations near the moon’s south pole and eventually transport onwards to Mars. 

A lot of time has passed since the space race hit its stride. Back in 1969, President Nixon directed a Space Task Group to define the goals of the post-Apollo space programme and it reported soon afterwards that: ‘Our horizons and our competence have expanded to the point that we can consider manned bases in Earth orbit, lunar orbit or on the surface of the moon.’ It’s worrying that we’re just getting there now – but at least we’re finally getting there.

Of course, a further spur is that international competition is again roiling: China landed its first lunar rover, Jade Rabbit, in 2013 and unfurled its red banner on the far side of the moon in June 2024. The Middle Kingdom now operates its own space station, the Tiangong or ‘Heavenly Palace’, and became only the second nation to drive a rover on Mars in 2021, setting the scene for a new superpower rivalry in space. Even the United Arab Emirates has become a player in the new ‘great game’, while India, Japan and Israel have their own programmes; not for nothing does the Artemis plan talk about maintaining leadership and exploiting economic opportunities alongside inspiring fresh generations. As far as the Americans are concerned, if they don’t do it, someone else will. 

And speaking of economic opportunity, there’s also low Earth orbit tourism, of the sort proposed by Virgin Galactic’s Richard Branson – quick trip up, rollover, back down – and which could be so much more. Who wouldn’t be excited by the prospect of weightless staterooms or discos aboard orbital liners, with eighteen sunrises and sunsets a day illuminating the cabins? Significantly for us, Virgin has become the first company to operate its own spaceport – one designed by Norman Foster, Britain’s foremost architect, and likely a template for future ground-based facilities.

Shaping the Future

These are interesting times for prospective astronauts, designers and engineers. A list of prospective programmes and tentative timelines doesn’t really conjure the requisite sense of excitement, so let’s put it like this: within two years, we will see astronauts on the surface of the moon for the first time since 1972. In four years, we should have our first permanent foothold on the moon and will have placed a nuclear reactor there to power it. By 2030, we will also have replaced the ISS, probably with tens of new stations, many commercial. After that, the target, unambiguously, is Mars. 

After so many pauses and delays and frustrations and even accidents, it would be easy to be cynical, or at least pessimistic; that would be to ignore the drumbeat of advances made in recent years, the unfurling blueprints of clever men and women, and the rhetoric from Washington and Beijing. We have reached an inflection point. We are entering a phase of history that may come to be as seismic as Christopher Columbus and the ‘Age of Discovery’ was in 1492, and probably as controversial. Just like then, there will be a complex nexus of money and politics, private enterprise and public endeavour shaping what our interplanetary future will look like. 

It may look like a hole in the ground. I was particularly struck by a story that flashed up on the newsfeed in July 2024: a radar-carrying satellite had found a cave on the moon. At cursory glance, the discovery by a team at the University of Trento, Italy, may not have seemed that significant, but it was the first time the existence of such a cave had been definitively confirmed. NASA had previously theorised that below the surface of our nearest celestial neighbour was a network of old lava tubes and that these might enable us to one day build a base there, sheltered from meteorites and radiation, if only they were accessible from the surface. Now we know they are. And in one of history’s symmetries, the opening of the cave lies in the Sea of Tranquility, a few giant leaps from where the astronauts of Apollo 11, Neil Armstrong and Buzz Aldrin, first landed in 1969.

Mankind’s reliance on caves for shelter goes back a long way, of course – perhaps four million years, if we include our hominid ancestors – so it makes sense that life might begin afresh in one on the moon, especially if, as suspected, it is deep enough at 130 metres to contain water ice. And as giant lava tubes are thought to be able to reach 800 metres in diameter there, due to the lower gravity, there is already speculation that there will be plenty of room for a full-scale colony. 

The hurdles that stand in the way of realising that ambition are many: some are mind-freezingly complex and some are all too simple. Take, for example, cost – a subject dear to a billionaire’s heart. It can cost anywhere between $2,000 and $25,000 per kilo (depending on the type of rocket used and the volume of total payload) to launch material into low Earth orbit, or $55 million to $90 million per astronaut (depending on the capsule). According to Foster + Partners that figure rises to about $1 million per kilo for Mars itself. Prices are coming down all the time for low Earth orbit, thanks largely to SpaceX, and could drop as low as $200 a kilo when the reusable Starship becomes fully operational. But in the cases of Mars and the moon, the prohibitive cost will mean that much, maybe most, of what eventually will constitute a base will have to be found in situ.

That means an extension of the old, familiar property mantra of location, location, location. Wherever a colony is sited, under or above ground, it will need locally available resources. Water can be turned into oxygen and hydrogen for fuel. Sunlight, which can be up to 40 per cent stronger, can generate power. Regolith, the loose dust and rock on the surface,8 can be 3D-printed if the cave doesn’t work out. It sounds easy when you say it like that. It’s not.

You might imagine space travellers undertaking all those tasks themselves – mining, building, maintaining and repairing – but in all honesty that is not realistic. Xavier De Kestelier, an architect at the international design practice Hassell, who has worked with NASA, envisages an ‘ecosystem’ of wheeled robots landing on the surface of the Red Planet in advance and printing a hard shell from Martian regolith to protect astronauts from heavy radiation and temperatures that average −80°C and that sink to −153°C. Such a ‘modular swarm’ of autonomous, intelligent robots would be capable, too, of joining together and reconfiguring themselves to perform myriad tasks, from digging and crushing rock, 3D printing and sintering9 it with microwaves, to battery storage and scouting. Then, once the outer shell of a base is complete, a circular chain of inflatable habitation and support pods inside would host labs, workshops, dormitories and people. 

Other visions for a Mars base are even more aesthetically pleasing. The eventual winners of NASA’s 3D-Printed Habitat Challenge, Clouds AO with SEArch+, proposed a thick but largely translucent protective shell made out of ice. ‘It’s a beautiful material to build with,’ Masa Sono, the lead designer, said. ‘We should celebrate the stunning landscape and the novelty and wonder of living there.’ That move beyond mere functionality towards genuine beauty is truly the remit of architecture.

‘Ah,’ a sceptic might scoff, ‘that’s all pie in the sky.’ I hope to persuade you it isn’t; that such things are now possible. Not everyone will be convinced, however: for instance, there are cash-conscious critics who will argue against space exploration in any form, insisting that such enormous sums of money might be better spent on alleviating poverty. It’s a valid argument, but ending poverty is perhaps less a question of a lack of funds than a lack of political will. And space exploration continues to contribute tangible, ‘real world’ benefits. According to NASA (which gets 0.5 per cent of federal spending, about a sixtieth of the sum spent on healthcare and welfare in the US), every dollar spent on space produces between $7 and $10 in economic activity, supporting tens of thousands of highly skilled jobs and generating a steady stream of innovations, from cordless power tools to scratch-resistant lenses, from smartphone cameras and to memory foam, to name but a few. Who knows? It may even save the planet if grandiose ambitions to deflect Earth-bound asteroids are ever realised.

Of course, the sceptics need not stop there. They can claim, with some justification, that other worlds are simply too inhospitable, that, even should the oceans rise and climate change accelerate, Earth will still be a lot nicer than Mars, with its perchlorate-infused soil, or the moon, with its radiation and meteorites. And that’s before you consider the problems of permanent settlement and things like how pregnancy might work in reduced gravity (if it works at all).

Sure, no contest – but then the Mediterranean coast is a lot nicer than Antarctica and we still send people to the latter (and eleven of us have been born there). The benefits of posting people to the frozen south are almost undisputed, not least after the discovery of the hole in the ozone layer by a British team, but it is unquestionably a hard place in which to live. Indeed, we should consider establishing research bases on our nearest celestial neighbours not despite the challenges but because of them. As President John F Kennedy put it: ‘We choose to go to the moon in this decade and do the other things not because they are easy, but because they are hard...’

One of the more esoteric arguments made in the book A City on Mars, by Kelly and Zach Weinersmith, which takes a sceptical look at Mars colonisation and is well worth a read, is that the competition for prime real estate – on the moon, especially, at the regions near the poles that receive almost continuous sunlight – combined with the loose legal framework provided by the Outer Space Treaty of 1967 makes superpower conflict more likely. Yet my money’s on the South China Sea, or the Korean Peninsula, or Arunachal Pradesh, or the Palestinian territories, or any number of potential flashpoints in Eastern Europe where there are already huge numbers of heavily armed, probably hungover and definitely belligerent individuals. If anything, astronauts seem predisposed towards cooperation, if only out of self-interest. Then again, some form of conflict is predicted by most of the sci-fi classics, so competition could be a problem further down the line. Let’s not jump the gun, though. 

Instead, let’s embrace where we are, on the brink of a new era in space, in engineering, in science – and in architecture. Human beings create artificial environments all the time, but never before will they have depended on them to such an extent for survival. So this era has the potential to transform the construction of our habitats more radically than the advent of the steel frames and elevators that enabled skyscrapers to soar above our cities, or of the computer-aided design that changed the mathematics of what buildings could be. As Foster has put it: ‘Constraints are the architect’s gift. They force invention.’

Perhaps you are asking: ‘Can you give us a window into how all this will look, at what architecture actually has to offer amid all the physics and astrophysics and propulsion and health concerns?’ Well, yes. I can. A literal window.

Skylab, the grandfather of US space stations, was revolutionary in terms of not only engineering but habitability. With atypical foresight, NASA recruited the famous French industrial designer Raymond Loewy for advice, and he then convinced them to introduce a colour scheme and an in-flight library, rearranged the overhead lighting to prevent ‘eerie shadows’ and, most importantly, advocated for a window. 

The engineers battled against this as an obvious point of failure. Cutting a window into a pressurised aluminium pressure vessel was also structurally and thermally difficult, and it would add weight and complexity to the design. Stalemate.

According to the Smithsonian’s oral history, the NASA spaceflight director, George E. Mueller, finally confronted Loewy directly and asked him if the window was really a necessity. Did it have to be included?

Loewy replied simply: ‘I can’t imagine not having a window.’ He won. 

In that moment, space started to become accommodating, not just a grit-your-teeth-and-hold-tight feat of endurance and mortal threat.

In fact, Skylab set the standard for all subsequent space stations. It became clear that good design would be increasingly important the longer the duration of the mission. So this is where architecture comes in: when you start putting people into places, even if that place is a metal cylinder. And the window? It was described as simply ‘spectacular’ by those who got to look through it.
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The Stars We Imagine

In the spring of 1955, only weeks after Walt Disney’s Man in Space had been aired to an astounded America, a small group of senior Pentagon and White House officials gathered in a briefing room in Washington DC. The invitation would have been hard to refuse; it had come from President Dwight D Eisenhower himself. After hearing reports of the episode’s technical clarity and public impact, he wanted his advisors to see an unusual TV programme that had suddenly made life outside the Earth’s constraints seem achievable. An assistant carried in the 16mm reel that Disney had supplied at the administration’s request, while officers from the Army Ballistic Missile Agency, some of whom had already worked closely with Wernher von Braun, the former Nazi scientist, took their seats.

The nondescript room darkened, the whir of the projector filled the air, and von Braun appeared on screen, explaining orbital mechanics with an ease and directness unusual in government briefings. He sketched the dynamics of multi-stage rockets, the stability of space stations and the feasibility of manned journeys beyond Earth. Though the officials present were already familiar with the technical concepts, Man in Space presented them with a distilled and visually striking narrative that bridged policy, science and imagination. As von Braun described a three-stage rocket soaring beyond the atmosphere, an animation showed exactly how such a system would function with an intelligibility usually missing from dry internal memoranda and chalkboard diagrams.

For the civilian officials, the most striking element was not the spectacle but the argument: space travel was not a fantasy but an engineering problem on the verge of being solved. Some in the room might have exchanged knowing glances – for if the public now believed space travel was feasible, then the political landscape had shifted. Eisenhower, though cautious about grand technological gestures, was deeply attuned to public sentiment and to the value of scientific discovery. And Disney, by collaborating with von Braun, had packaged a complex set of ideas into a language the American public – and perhaps more importantly Congress – could understand.

When the lights came up, the discussion was brisk and intense. The advisors immediately acknowledged that the episode had succeeded where many technical briefings had failed: it made spaceflight look orderly, economical and inevitable. And ‘inevitable’ is the most important word of all. 

At a time when the Soviet Union was accelerating its own missile programme, Man in Space added a new dimension to American strategic thinking. It suggested not only that rockets could carry payloads, deadly or scientific, into orbit, but that the nation that reached space first would possess both prestige and a powerful psychological advantage. While Eisenhower, the general who had orchestrated the defeat of von Braun’s former employers, later insisted that the US should focus on scientific rather than military goals, his administration’s decision – only months later – to announce plans for an American satellite during the International Geophysical Year1 bore the unmistakable influence of the Disney programme.

There was no single moment at which the episode triggered a formal directive, of course, but the programme made von Braun’s arguments forcibly at a time when his credibility in Washington was still uncertain, given his past as the director of Nazi Germany’s Peenemünde research centre. He became, abruptly, the country’s most recognisable advocate for space exploration. More importantly, the episode helped soften resistance to the idea that the United States should invest in large-scale missile and space projects. Shortly afterwards, in 1958, NASA was born. 

Public opinion, meanwhile, had been transformed almost overnight. Nearly 40 million Americans watched the broadcast, an enormous audience for an educational programme. The colourful animations, clean explanations and authoritative presentation by von Braun convinced many that humans travelling into space was imminent. The newspapers buzzed with enthusiasm and received letters from children asking when they might become astronauts, while Disney’s endorsement lent spaceflight a currency that dry scientific journals never could. Disney, the man behind Fantasia, Pinocchio, Bambi and the more recent 20,000 Leagues Under the Sea. By 1956, more than half the country supported federal investment in satellites and orbital research. A Nazi rocket scientist, with the help of a cartoonist, had persuaded the Second World War’s supreme allied commander to take the first steps towards spaceflight. He had made spaceflight and space stations seem inevitable. A mix of science fiction and propaganda had become policy. 

How exactly did we arrive at this moment?

Myth and Meaning

Long before rockets and satellites, people looked to the sky and found meaning. Whether cast as symbols of the gods, indicators of fate or the homes of celestial beings, the stars have always played a central role in mankind’s myth-making, seeding religions and their temples, offering omens and portents. And prompting scientific discovery as well as stories. 

The Sumerians developed a calendar based on the phases of the moon and divided the year into months. The Greeks mapped personalities onto planets, but also established that the Earth was spherical and catalogued around 850 stars. The Maya tracked Venus and Mars with amazing precision. Their monuments remind us that architecture – sacred architecture, anyway – has always responded to the heavens.

Temples and ziggurats mirrored the firmament. Structures like Stonehenge and the Caracol Observatory at Chichen Itza served both spiritual and scientific purposes, allowing early astronomers to mark solstices, equinoxes and the movements of celestial bodies. The arrangement of the Giza pyramid complex in Egypt, perhaps the greatest architectural feat of ancient times, may even have been determined by the pattern of Orion’s Belt.2 These structures were a form of cosmic dialogue, humans echoing stellar rhythms.

After all, most early cultures envisioned their gods dwelling in the sky. This projection of a spiritual presence into the stars eventually evolved into the belief that humans might join them. Flight, and eventually space travel, have thus become metaphors for transcendence, perhaps explaining why so many people are queuing up to spend hundreds of thousands of dollars on space tourism.

Yet the leap from spiritual aspiration to technological possibility seemed to require a new kind of narrative – a fusion of imagination and rational inquiry, the wildest dreams tempered by a hint of practicality. Enter science fiction. 

Science fiction has done more than merely entertain: it has seeded visions, normalised radical and even dangerous ideas, and helped spark the designs of architects and engineers tasked with turning dreams into matter. It is through science fiction that we begin to sketch out not just who might live among the stars, but how they might. As Disney was quick to realise, bald, bland, impenetrable scientific fact doesn’t move the dial – only imagination can do that. 

The Literary Cosmos 

The roots of science fiction reach back to the ancient satirical novel A True Story by Lucian of Samosata, written in Attic Greek in Syria in the 2nd century CE.3 His tale of a voyage to the moon is often cited as the first true work of science fiction. Though fanciful, it features humans travelling through space, engaging with alien cultures and surviving bizarre planetary environments, not least after the protagonist is whisked to the moon in a whirlwind and encounters a lunar war against the inhabitants of the sun. Interestingly, one of his predictions was a city made of glass – perhaps almost inconceivable in the arid Roman frontier province in which he lived, but familiar enough to anyone passing through today’s City of London, Manhattan, São Paulo or Shanghai.

Rudolf Erich Raspe may have sent his absurd Baron Munchausen to the moon on a cannonball as early as 1785, but it wasn’t until the nineteenth century that sci-fi really got going, when the likes of Jules Verne’s From the Earth to the Moon and HG Wells’ The First Men in the Moon began grounding speculation in something approaching plausibility. Verne, in particular, was fascinated by how humanity might adapt to alien worlds and believed the technology could be explained. Wells introduced politics, biology, ethics, economics and even empire. Such authors didn’t just imagine voyages – they imagined infrastructure, devices and built environments, and used them as a mirror for our fears and desires. They gave form to futures. They provided a bridge between fantasy and invention. 

Then in 1869, Edward Everett Hale’s short story ‘The Brick Moon’ conjured the earliest depiction of a space station. In this case, it consisted of a brick sphere housing humans, who have been accidentally launched into space by a giant flywheel (the ‘brick moon’ having originally been conceived as a navigation aid for sailors to determine longitude). Though whimsical, the premise was remarkably prescient, prefiguring orbital habitats with closed-loop ecosystems and artificial gravity, the satellite observation of Earth and even imagining the development of a utopian society that is peaceful, collaborative and (for the time) progressive. As well as being a celebration of pioneering spirit, it is an almost uniquely optimistic tale of spacefaring where the new frontier is accommodating and even domestic (although fairly important things like radiation and the vacuum of space do not figure). One line in particular from those stranded in orbit sticks in the mind: ‘We are very happy here. We have all agreed to make the best of it, and we do.’ Future settlers on Mars will need the same mindset.

Science fiction in the twentieth century evolved not in a straight line but through a series of imaginative leaps, each writer expanding the territory explored by those before. Visionaries like Arthur C Clarke, Isaac Asimov, Kim Stanley Robinson and Robert Heinlein imagined not just the technologies of space, but the societies, settlements and moral questions that would arise there.

Inhabiting a different century, one shaped by global war, atomic physics and the early space age, Clarke writes about what Wells could not: a unified planetary civilisation and technology as a path to higher consciousness. Clarke’s visions of orbital elevators (first theorised by Konstantin Tsiolkovsky, the Russian rocketry pioneer, after being inspired by the Eiffel Tower, no less) and lunar colonies in Rendezvous with Rama and 2001 have influenced generations; his idea of using geostationary satellites for broadcasting and communication has since come to pass. He brought scientific realism as well as philosophical depth and a simple humanism: space depicted as a shared endeavour, not a national mission. Asimov brought governance, notably through the Foundation series, but predicted the collapse of empires.

Robinson’s Mars Trilogy then takes Clarke’s vast, elegant futures and pulls them back down to the ground – to the soil of the Red Planet. Clarke imagines humanity’s ascent but leaves out the process: the debates, institutions, rivalries, failures and compromises that shape real societies. Robinson inserts all this missing friction. His Mars is a contested world where every technology embodies ideology. Terraforming becomes a centuries-long argument; architecture becomes a battleground of values. Transparent domes express democratic openness; buried habitats express caution or resistance. No other writer treats imaginary colonies with such procedural, bureaucratic, ethical and ecological realism. 

Then Heinlein, for all that Starship Troopers has been pilloried as proto-fascist, brought technical rigour and an engineering background to the subject, pioneering the ‘hard sci-fi’ genre that emphasises scientific plausibility while stress-testing provocative ideas about society: libertarianism, militarism, polyamory. He remains surprisingly popular.

As Susan Stepney, a British computer scientist, expert on sci-fi and long-time academic at the University of York, said: ‘There’s quite a bit of evidence that a lot of people at NASA were originally inspired by Robert Heinlein… There’s a lot of science fiction – domes on Mars, rockets on the moon – that normalised these ideas long before they became feasible.’ Do these visions matter? Well, yes. Brent Sherwood, sometimes called the ‘father of space architecture’ and the former head of advanced development programmes at Blue Origin, put it thus: ‘I grew up on Star Trek and Arthur C Clarke, so yeah, absolutely – science fiction shaped the way I thought about space and cities beyond Earth. And it’s not just about rockets – it’s about societies.’

He wasn’t the only one reading and dreaming of what might be possible: it’s no accident that Musk has decided to call his proposed Martian colony ‘Terminus’ after the one in Asimov’s Foundation.

2001 and Beyond 

Other names may be less well-known, but are equally important. Herman Potočnik is one.

Born in Istria in 1892, he wrote under the pseudonym of Hermann Noordung. An officer in the Austro-Hungarian military, an electrical engineer and an amateur astronautics theorist, he died of pneumonia in great poverty at the age of only thirty-six and is remembered for his only book, published in 1928, which was catchily titled Das Problem der Befahrung des Weltraums – der Raketen-Motor (‘The Problem of Space Travel – The Rocket Motor’). In 188 pages and 100 hand-drawn diagrams Noordung outlined how the first permanent human presence in outer space might be achieved and in the process produced a detailed design for a space station. It is generally considered to be the first true piece of space architecture: you’re probably familiar with it as the spinning-wheel station from Stanley Kubrick’s 2001: A Space Odyssey that rotates to create artificial gravity. 

This drew on the work of Hermann Oberth,4 another Austro-Hungarian who was one of the founding fathers of rocketry and astronautics (the art of throwing things above the atmosphere). Oberth was not only a disciple of fiction but a contributor, not least as the scientific advisor to the great Austrian director Fritz Lang for his film Woman in the Moon. Fascinated by Jules Verne as a child, he not only inspired a generation of engineers and thinkers but first proposed the concept of creating artificial gravity through rotation as early as 1923. 

It was his pupil, von Braun – extracted to the US after the war as part of Operation Paperclip5 and later to quip that ‘In my work, I have always aimed for the stars, even if at times I hit only London’ – who would popularise the design. He later invited Oberth, who had received the War Merit Cross 1st Class, with Swords, while at von Braun’s missile factory at Peenemünde in 1943, to join the US rocket development team at Redstone Arsenal.6 

Which brings us neatly back to Disney and to Man in Space. In the early 1950s von Braun, by then leading the US Army’s research efforts, collaborated with artist Chesley Bonestell, the German writer Willy Ley, and editors at Collier’s Magazine to present a series of influential articles entitled Man Will Conquer Space Soon! that ran between 1952 and 1954. Included were full-colour illustrations of a toroid station that spun around a central docking port: it was a serious proposal that was primarily intended to facilitate onward travel to the moon and Mars. 

It was these articles that caught the eye of Disney, who subsequently asked him to appear on Man in Space. (The ability of Disney to range from Cinderella to interstellar is itself remarkable.) On the show von Braun presented the rotating wheel space station with animated models, cutaway diagrams and clear scientific explanations. When Kubrick set out to make an intellectually serious science fiction film, 2001: A Space Odyssey, the rotating torus represented the most scientifically credible, as well as visually striking, vision of a real future in space, one that symbolised human mastery over physics and the unforgiving environment. The fact that Arthur C Clarke, Kubrick’s co-writer, had already written about rotating habitats (in The Sands of Mars, 1951) and that it was visually hypnotic (when coupled with the music of ‘The Blue Danube’) made it a shoo-in. 2001 is perhaps the ultimate in intelligent science fiction being brought to the screen, and, as Kubrick said: ‘We didn’t invent anything – we just showed what could already be reasoned.’ 

Will life imitate art? It could. One of the architects on whom 2001 left a lasting impression on is David Nixon, co-founder of the award-winning practice Future Systems. As he put it: ‘I remember seeing 2001 as a student and thinking: “My God, designing for weightlessness in space – that would be absolutely fascinating.” That thought never left me.’ Having made that dream a reality by helping NASA design crew habitation quarters for Skylab and the ISS, he believes that the fourth generation of space stations (i.e. two iterations after the ISS) will probably feature artificial gravity and he has proposed a variable gravity station that, in his own words, resembles a giant ‘hula-hoop’ with a diameter of about 220 metres. By adjusting the spin rate, it would be able to simulate different gravity modes including Earth gravity and microgravity, the last one enabling visiting spacecraft to dock without the need for a central node in the middle of the wheel as per 2001. The toroidal structure would be built from prefabricated segments and configured as six compact payloads for delivery by SpaceX’s Starship, with each section containing built-in propulsion, guidance, navigation and control, enabling them to manoeuvre to and rendezvous with the assembly site on orbit. It’s a serious proposal and would bring the 2001-style station to fruition, albeit more elegantly. Spoiler alert: we’ll revisit it in the chapter on space stations. 

The lesson here is that you dismiss science fiction at your peril. It offers architects and designers and other visionaries a sandbox – somewhere where ideas about gravity, pressure, psychology, and often edgy politics can be tested without real-life risk. Writers see problems coming and dream up solutions. Thus the narrative forms a sort of bridge between abstract speculation and actual procurement, creating a pipeline for public understanding, political will, the finance that follows and ultimately the start of a real design process. Of course, it’s not a linear progression from fiction to fact: it loops and recurs, inspiration feeding on breakthrough, breakthrough inspired by dream. 

‘It’s the exploration of lots of different possibilities,’ Stepney said. ‘It’s not so much about predicting specific things that will happen – although things like Star Wars and Star Trek, which everyone’s seen, help normalise the idea that one day we will live in space.’

But perhaps the most important contribution sci-fi has made to space architecture is the emphasis on how people conduct their lives in space: liveability trumps functionality, and the human takes precedence over the machine (if only for the sake of plot). It’s the difference between survival and society. Space architecture is important, in part, because science fiction makes it so. 

As Andrew Kuh, the laid-back guitar-playing lead for human spaceflight at the UK Space Agency, put it: ‘Science fiction has always been an unofficial R&D department for space agencies. It lets the public and professionals rehearse futures before they arrive. We joke internally that if you want to know what space habitats might look like in thirty years, watch sci-fi from thirty years ago.’ 

Or if you prefer, here’s Ariel Ekblaw, the founder of the Aurelia Institute at MIT and a designer of space habitats: ‘What sci-fi does brilliantly is give us mental prototypes. It’s not literal, but it gives us starting points. I think of Aurelia as building the aesthetic of the future: we’re inspired by 2001, by Dune, by Interstellar, but we’re designing for the astronauts of today.’

The Architect Imagining Our Future

I first encountered Bjarke Ingels in 2016, when he was invited to design the Serpentine Pavilion in London’s Hyde Park. An annual occurrence since 2000, it is an opportunity to build an arty but temporary structure in the heart of the British capital, and is usually extended to relatively unknown but up-and-coming architects who have not built before in the UK. I still think the pavilion he produced – an unzipped wall of pultruded fibreglass ‘bricks’, simple yet very clever – remains the best in the series.

He was the youngest architect ever to take part, but he’d already got the Amager Bakke waste-to-energy plant under construction in Copenhagen, which, perhaps unusually for a power station, has a 9,000-square-metre ski slope on the roof. The new Google campus in California and the Lego House in the toy company’s home town of Billund – he once described himself as a ‘Lego man’, partly on account of his square stature and haircut – were to follow. In short, it’s fair to say that the past few years have been very kind to the talented Mr Ingels.

I went to New York to visit his office in the ‘Dumbo’ part of Brooklyn, facing Manhattan across the East River. Detailed models, not least of proposed lunar and Martian bases, take pride of place. We’ll come back to those. 

We started off by talking about science fiction, of which he’s a great fan, having grown up reading graphic novels. He drew an explicit connection between the genre and how he practises architecture, or, as he described it, ‘turning fiction into fact’.

‘To paraphrase Philip K Dick and explain why I find science fiction so meaningful – why it transcends literature to become applicable as a thought process in architecture and other fields – it is not a story from the future at all, although it often takes place in the future. And it’s also not a space opera, although it often takes place in space,’ he said. 

‘It is a story where the plot is triggered by some form of invention or innovation. It’s often a technological one, but it can be a cultural, political, environmental or social innovation that makes the world of the story the same as our world, except this one thing has changed. Then the story becomes the narrative exploration of the potential consequences of this one altered fact. And not only the writer, but the reader, can actually think along and pursue this idea. 

‘I think that is so similar to architecture. Whenever we start a project, we try to ask: how has the world changed lately? So if you’re doing a school, or a work environment, or an exhibition space or performance venue, whatever – once you identify how the world has changed in one way or another since the last time a good school or theatre was built, then you already have an altered fact to design with or for.

‘Once you find that altered variable, suddenly the design process becomes the exploration of its consequences.’

So how does he find that variable?

‘I think either it’s something that has already happened in the culture, but it hasn’t yet been accommodated or deployed. Or it is us asking a question, like, “Could we try to do
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