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Advance praise for Future Build

‘A wonderfully positive book that shows how we must transform the way we construct buildings to work in harmony with the natural environment. There are lessons in here for us all!’

- George Clarke, architect and presenter of Channel 4’s George Clarke’s Amazing Spaces

‘Not enough of us understand just how massive a contribution construction and the built environment make to the climate crisis – and we really need to! Will Arnold puts the whole construction story in perspective, in his user-friendly, jargon-free, solutions-rich Future Build.’

- Jonathon Porritt, environmentalist and author

‘Design as medicine; architecture as healing. Will Arnold’s intriguing thesis is that the building industry can already be part of the solution, not part of the problem. His ambitious tour through the world of the possible is entertaining, authoritative and thoroughly readable: essential reading for practitioners and policymakers alike.’

- Tim Jackson, author of The Care Economy

‘Will Arnold brilliantly shows how radical innovations in materials and engineering are creating a brighter and more sustainable future for human civilisation. This superb book shows how each one of us has a role in influencing the type of architecture and building design that is constructed. How we use that power is up to us, but change is coming and this book shows how we make it work for us and nature.’

- Mark Miodownik, materials scientist, broadcaster and author

‘Compelling, global, and profoundly hopeful. With personal anecdotes and subject expertise, Arnold reminds us that because we all inhabit buildings, we should all care about how they are made. This book is a vision for a world where structures don’t just shelter us – they contribute positively, and even heal the world.’

- Roma Agrawal, engineer and author

‘Reading this book feels like being taken on a walking tour of the world’s most iconic buildings, with Will Arnold as our thoughtful and entertaining expert guide. It explores materials at their grandest scale – across centuries and skylines – and reveals the impacts of the world we’ve built.’

- Anna Ploszajski, materials scientist and author

Future Build is a wonderfully readable exploration of how our world is built. Will Arnold is a masterful storyteller and expert guide through the world of construction, taking the reader from the depths of the materials chemistry and up to heights of the Burj Khalifa. This book provides a compelling and engaging argument for why we must change how we build, and provides inspiration by showing how things could - and are slowly - changing for the better.’

- Tim Minshall author of Your Life Is Manufactured

‘Future Build combines hard numbers with hopeful realism. It makes a compelling case that construction can transform—just as it did on safety—if we adopt new norms, better tools, and an unflinching focus on outcomes.’

- Dame Jo da Silva, Global Sustainable Development Director, Arup

‘Will Arnold has a knack for grabbing the reader’s attention, explaining clearly why we should be alarmed about something and then – crucially – describing what we can do about it. This is a great read for anyone interested in the future of buildings and cities.’

- Michael Pawlyn, regenerative architect and writer 

‘Whether you are a Civil Engineering student, a curious school student, a practitioner, a house owner, or in fact anyone who uses buildings on a regular basis then Future Build is essential reading for you! It describes why and how the way we design buildings needs to change, by telling the story of a wide variety of people who are involved in buildings. Will Arnold does a brilliant job of bringing these stories to life in a fun and accessible way whilst delivering an important message about how we build in the future.’

- James Norman, professor of sustainable design

‘Will Arnold’s book is a powerful reminder that we must not look away from the climate and ecological crises. Through vivid storytelling and eye-opening facts, he reveals the true cost of our addition to construction. Most importantly, he offers an inspiring vision of buildings and places that restore ecosystems and strengthen communities. This thoughtful, hopeful, and deeply informed work is vital reading for anyone committed to a regenerative future.’

- Duncan Baker-Brown, architect, academic and climate activist

‘Future Build is a revelatory guide to building with a conscience. Rich with real-world examples, it goes beyond critique to offer tangible solutions for a net zero future in architecture. It brings together and addresses the complexities of construction, from demolition to resource extraction, in a way that could genuinely reshape how we build. A compelling and progressive book.’

- Priya Khanchandani, writer, curator and broadcaster
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For all those who have been worrying about these issues for far longer than I have
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Prologue: Before the Build

Nick’s face was burning. He knew he should back away, but his curiosity was too great, and he took another step closer to the source of the heat. The pain and noise grew as the floor vibrated with the slow relentless rotation of the two steel tubes suspended in front of him. Each tube was as wide as a house and the length of an aeroplane, and as they turned and shuddered, he could hear and feel the churn of the rocks and fire within them. It was a strange machine that he had chosen to visit, one that ate stone and spewed out cement. He felt vulnerable. As he got closer, he felt the moisture on his lips evaporating, the skin on his nose tightening and every inch of him trying to recoil from the searing heat. Was that his eyebrows singeing? Or just the smell of hot metal and rock? He hadn’t experienced temperatures like this since his final military posting in Iraq years before. But he was far from the desert now. Nick was in one of the wettest parts of the United Kingdom: the Peak District national park. He had only travelled 10km from his home city of Sheffield, where he taught engineering at the university, but despite this proximity to his normal life, the experience felt otherworldly. Outside under greying skies, Nick stared upwards at the two kilns at the centre of one of the country’s largest cement production plants, drawn towards their unnatural menace. The weather may have been cool and damp, but Nick’s thoughts were absorbed by the heat in front of him.

Many years later, as he and I were walking my dog, Maggie, in the hills opposite the same cement plant, I listened in awe as Nick described the scale of the rotating kilns, and the heat and noise that had assaulted his senses. I’m used to Nick not showing much emotion, but as his memory went deeper, his concern broke through. ‘The guide grinned when he told us that the rain hadn’t touched the ground there in decades, and some of my group actually laughed!’ he told me as we chased Maggie up the steepening hill. Nick carried on in broken sentences, a sharp intake of breath between each statement. ‘I don’t think they realised how disconcerting they should have found this … So much heat … Sensory overload … Completely unhuman.’

Our pace slowed finally as we crested Win Hill, a gritstone peak in the middle of the national park. We paused to catch our breath. Nick turned and pointed south-west towards the cement plant. It was framed on all sides by the mile-wide limestone quarry that lay behind it and kept the kilns fed with a constant supply of rock. ‘The kilns that ate a mountain!’ he proclaimed.

The visit had clearly unsettled him, and his retelling of the event was starting to unsettle me too. Maggie wandered off to see if any of the other walkers on the hilltop could spare some food, oblivious as always to our concerns. Nick continued his explanation at a volume loud enough to provoke curiosity from those around us, who had no idea of the destructive forces that lay now in plain sight across the valley. ‘Those dark straight lines are the non-stop coal train,’ he said, gesturing towards the railway line built by the cement company many years ago – designed to maintain a constant supply of coal, to be pulverised and burned in the kilns. The rotating tubes he had stood beneath – so large we could see them clearly at this distance – each contained a roaring blue-white jet flame the length of two buses. ‘The kilns fire twenty-four hours a day at the temperature of a space rocket … Constant heat … It’s no wonder that rain evaporates before it reaches the ground,’ he concluded. I wondered whether the ground beneath the kiln missed the sensation of cool rainwater.

Nick and I are colleagues of sorts, sustainable-building specialists who believe that construction is misunderstood by most people. Many gaze up at a new building and see shelter, progress and economic prosperity. Others wonder what it would be like to work there, whether they could afford one of the apartments, or what the view might be like. But Nick and I see a darker side: pollution, carbon emissions, nature loss and death. This may sound dramatic, but our industry’s use of construction materials has huge ecological consequences that are not widely understood. Every time someone uses concrete, steel, glass, aluminium or bricks to build a home, office, school or hospital, they set off a chain reaction in which fossil fuels are burned, metals and rocks are mined, pollution is released and waste is discarded. Every year, this adds up to:


	one-tenth of the world’s carbon emissions (that’s four times the aviation industry’s footprint);1 

	one-third of all waste (a figure surpassed only by food wastage);2 

	one-half of all the raw materials we take from the earth (triple the quantity of fossil fuels extracted).3



The construction industry’s contribution to the breakdown of our climate and nature through pollution, waste and extraction is almost without comparison – destabilising the weather around us and destroying our natural world. To be blunt, this is killing people. The World Health Organization predicts that by 2050 climate change is expected to cause approximately 250,000 additional deaths per year, ‘from undernutrition, malaria, diarrhoea and heat stress alone’,4 and the World Economic Forum asserts that every single one of the top four global risks of the next decade are related to climate and biodiversity breakdown.5

Buildings exist to protect us from the elements. But when construction contributes to the very climate breakdown we need to shelter from, it fails in its most basic purpose.

This is a book about that failure. But it is also a book about hope. Because although the buildings of today might leave behind a trail of destruction, those of tomorrow certainly will not. Through these pages, I will show you why it is that we use the materials that we do, why we design and build in certain ways, and how both will change (and must, quickly) in response to the growing crises unfolding around us. We will go on a global tour to visit some of the world’s most inspirational buildings – those which prove that better things are possible – and see how we can help accelerate the change that the construction industry urgently needs.


Opening my eyes

I didn’t learn about any of this for myself until I was well into my career as a structural engineer. I had spent nearly a decade designing buildings for people across the world: a science museum in Switzerland, a university in Rwanda, a skyscraper in Taiwan, a school in the United States and many more. My job was to ensure that these buildings could fill with people, who would then be kept safe and comfortable, even in storms or earthquakes. Throughout that period, I felt that I was doing a good thing for the world, creating places where people could live, work, learn and enjoy life. The satisfaction never waned as the keys to each building I had worked on were handed over to their new owners. I loved that job.

Then in 2018 I was introduced to the ecological impacts of my work by new colleagues. I had been posted to Rwanda for a year, designing what would turn out to be the most sustainable construction project I have ever seen. I hadn’t fully realised this when applying for the position – I had been drawn to the adventure of working in Africa. Yet here we were, building a brand-new university out of low-carbon, low-impact construction materials. We designed the university buildings in a way that maximised training and job opportunities for locals and that inspired visitors to see them as both sustainable and awe-inspiring. I had always assumed that sustainable buildings were energy efficient, had solar panels on the roof and recycled the rainwater that fell on them. I now understood that the very materials those buildings were made from were equally important – as too was how those materials were used.

The project raised the bar for me in understanding the benefits that construction methods and material use could generate, putting to shame the typical approaches we were employing across most of the world. I wanted to see my industry change, and on returning to the United Kingdom I gradually started a process that led to me leaving my job as a designer and starting work advising other engineers on how to work in more sustainable ways. My self-set challenge was to do whatever I could to help change the norm around buildings.

Change was desperately needed. Back then, the ecological impacts of the industry’s use of construction materials were rarely discussed among most engineers, architects, property developers and other construction professionals. Yet those impacts were massive: carbon emissions, pollution, habitat loss, energy use … these were the things we needed to understand and minimise. Working with my colleagues across the construction industry – both in the United Kingdom and abroad – I became part of a growing effort to lift the veil on these issues, showing engineers how to respond, and helping to normalise a globally responsible approach to the design and engineering of buildings. In the time since, I have created sustainability guidance, courses and tools used by engineers and architects around the world. I have had the privilege of providing advice to politicians, civil servants and think tanks to help develop their policy in this area, and have led the writing of cross-industry research papers and standards. The conversation has finally started to shift across the industry – but there is still a long way to go.

Today’s buildings are largely made from a combination of five materials – concrete, steel, glass, aluminium and bricks – and we use an awful lot of each. The world now contains more than a trillion metric tonnes* of human-made stuff, most of which is these five things – after all, there aren’t many things that weigh more than a building. A trillion tonnes is quite hard to imagine.† But if you added up the weight of every living thing on earth – from trees and bushes to grasslands and compost heaps, and from the hundreds of thousands of whales in our oceans to the tens of billions of mice across our land – you would still fall just short of the weight of all human-made stuff. Humanity’s creations now outweigh the sum total of all living things on this planet.6

At the extreme end of the scale, the Burj Khalifa in Dubai, currently the world’s tallest building, weighs more than half a million tonnes empty. When I visited it a few years after completion, the eerily quiet elevator plucked me from the earth and whisked me high up into the sky. Stepping out into the cool air-conditioning of the observation deck, I found myself atop more than 1.5 tonnes of material for every 1m2 of space in the building: the weight of a medium-sized car crushed down to a block the size of a small coffee table. In buildings such as the Burj, such weight is mostly due to the concrete and steel used to make the building’s frame and floors: what engineers refer to as ‘structure’, akin to the skeleton inside most animals. This is then followed by the aluminium, glass and bricks used to create a building’s skin, which we call the ‘façade’. To create the tallest structure and façade in the world (so far), materials had been mined, processed, transported to Dubai, and lifted high up into the air. Imagine being asked to do that for just one tonne of material, in the 40°C heat of the desert … then do it half a million times more.

In an ever-growing portion of the world, construction materials are now treated as a commodity: you use as much as you need to get the job done. Taking this to its extreme, if you wanted to dig a hole to the very centre of the earth and fill it with concrete (or any other material), then this would be absolutely fine provided the digging wouldn’t damage anyone else’s property. It wouldn’t matter that filling a hole this deep would require a hundred million wheelbarrows of concrete, or that you would emit nearly three million tonnes of carbon emissions in the process – the same as the monthly emissions across London.7 In fact, your investment in the local concrete industry would likely be welcomed, and your achievement of World’s Biggest Hole would probably make international news. We are told as children to turn off the tap when brushing our teeth – yet our material-making machines run 24/7, sometimes just to avoid them cooling down. We are told as adults to reuse our plastic shopping bags to prevent waste – but how many of us talk about the need to reuse existing construction materials instead of making new ones? Instead of applying ecological common sense to construction, we celebrate scale and we celebrate the new.

I worry about this addiction. Every day, humanity takes another 130 million tonnes of rock and metal from the earth to be turned into construction materials, and every week we construct enough buildings to create a city the size of Paris.8 This scale of construction results in impacts that dwarf those of most other industries. For every bucket of fossil fuels that the energy industry takes from the earth, the construction industry takes three buckets of rocks and metals.9 For every tonne of carbon emissions that aviation emits, the world’s concrete producers emit three tonnes, and steel producers three tonnes more.10 This makes our use of construction materials responsible for one-tenth of the world’s carbon emissions, one-tenth of the resulting climate breakdown and thus one-tenth of the world’s climate change-related deaths. If the world’s governments pledged that next year they would build 52 new cities the size of Paris and casually noted that around 20,000 people would die in the process, there would be outrage. Yet this is effectively what is already happening – hence people like me and Nick seeing construction and thinking about death.

But humanity faces a dilemma. Because despite all these impacts, we are completely reliant on these five construction materials: concrete, steel, glass, aluminium and bricks. Without them, there would be no buildings, at least not as we know them. And without that, we’d all be fairly miserable.

Almost everything we do involves a building of some description. They provide the backdrop to our biggest milestones: from the birth of a child in a hospital to the funeral of a friend in a church. And they surround our most mundane activities: the stage-set for our grocery shopping, tax returns and video calls. The fundamental usefulness of buildings comes from the shelter and safety they provide – the base of Maslow’s hierarchy of needs. Further, not only do we need buildings; in many places, we need more of them. Around the world, we see housing crises, migration into cities and demand for better public amenities. Where sufficient buildings exist, the challenge







Welcome to Future Build










*For context, a tonne is the weight of a small car, three grizzly bears, or half a rhino.
†A lot of people think of a trillion, billion and million as quite similar – but they are vastly different. If you could go back in time by a million seconds, you’d go back nearly a fortnight. Go back a billion seconds, and you’d return to the 1990s. But go back a trillion seconds – 32,000 years – and you’d be in the Stone Age.
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