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‘We need to re-address our relationship with the planet by understanding what it is made of …’

Seetal Solanki, Founder and Director of Ma-tt-er






Foreword by Jonathan Smales

Founder & CEO of sustainable development company Human Nature

In 1989, when I was commissioning a new HQ for Greenpeace UK, I would have killed (or loved someone to death…) to get my hands on this book.

We were repurposing a semi-derelict building – in that instance a former animal testing laboratory – and wanted to craft a ‘green’ building. But how? What might that be? Which materials might we use? Why? And where would we get them from?

We found the Good Wood Guide by Friends of the Earth, exhumed a copy of Stewart Brand’s Whole Earth Catalog and pored over Bucky Fuller and Victor Papanek for clues. Fortunately we had architect Peter Clegg and environmental engineer Patrick Bellew to navigate, and they did a fine job.

Now, we have this well-organized, beautifully illustrated and elegantly written guide by Will McLean and Pete Silver. It’s not just useful, it’s actually delicious: filled with gorgeous, organic, sensuous, natural forms. In fact, some of the natural materials they survey probably could be eaten. I may be getting carried away here.

Climate weirding is out of control. Last year, global temperatures hit the Paris target of 1.5 degrees of heating, and on current policy – still less practice – we’re headed for a catastrophic 2.7 degrees. And we’ve embarked on what the journalist Elizabeth Kolbert and others describe as the ‘sixth great extinction’, erasing and degrading nature across the planet.

How did it come to this?

Here in the UK, in 2024 the new Labour government committed to build 1.5 million homes in its first term. If these houses are built using mainstream construction materials, the carbon used in production will explode the nation’s carbon budget. It’s a disaster waiting to happen. And it’s utterly avoidable if we’re brave, purposeful, strategic and wise. Designers must be centre stage if we’re to succeed.

So this book is timely. It illustrates the growing wealth of choices we now have when designing and procuring buildings. The research is done or in progress, wonderful designers are showing the way forward, and we now need radical innovation in financing, building regulations and industrial strategy to bring the most promising materials and systems to the mainstream market.

Will and Pete inspire us here. They have trawled the network of excellent scientists and designers to find materials, design and construction that leap off the page and make you want to become a natural builder without delay.

At the Phoenix in Lewes, East Sussex, UK, my company, Human Nature, has designed and is preparing to build a whole neighbourhood from timber and other bio-based materials. It’s not an easy gig. But it has to be done, and the growing field of work in natural building gives reassurance and reminds us of the prize, which is beauty as well as an embodied carbon account our consciences and the world can live with.

It’s time to start living on the planet as if we intended to stay. In the pages that follow, you’ll find part of the answer to the question, ‘how?’




Introduction

Architecture and construction are at a turning point, with an environmental imperative that demands we look for new and viable material solutions. A fuller understanding of material properties allows us to make informed decisions about material choice, and this book serves as a compendium of low- and no-carbon materials (bio-based, grown, upcycled and recycled) for architecture and design. It focuses on sustainable materials, their sourcing, technical properties, and the processes required for their use in architecture.

While there are some excellent materials science books available, they can be technically dense and do not always demonstrate how these materials (distinct from product design) are used in building and construction projects. Sustainable and Regenerative Materials for Architecture is designed to strike a balance between analytical materials data, design intent and associated fabrication and construction processes.

There is a creative explosion of work taking place in architecture and design schools, exploring materials such as clay and earth, mycelium, engineered timber, bio-based polymers and algae. With a better understanding of the social, environmental and economic sustainability of any given material – alongside its technical properties – students of architecture can lead the change in responsible and creative material use.
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European hardwood timber, which is sawn and separated then seasoned by air drying to prevent twisting and splitting. It takes about a year for a 25mm (1 in) thick piece to season.

As a designer, one of your most important roles is as a specifier, and the more you understand about materials and their appropriate use with respect to safety and performance (technological and experiential), the more likely it is that a project can meet specific programmatic, technical and environmental objectives. When teaching and studying architecture, it is essential that students are introduced to the world of materials and associated fabrication processes early; the physical ‘stuff’ of materials can both stimulate the design imagination and inform projects.

Throughout the book we showcase new and rediscovered processes for material fabrication, responsible sourcing and creative material design. Material properties (structural, thermal, fire, health and life safety) are described, and case studies help to illustrate the inventive ways in which these materials can be deployed in the built environment. More information about the fabrication, provenance and cost (both ecological and economic) of materials will also help students to navigate this rapidly expanding field. Alongside an illustrated palette of sustainable materials and exciting design precedents, the fabrication and construction technologies are described, informing students about the techniques and processes used to transform the materials into viable construction products.


‘Recycling is seen as the ultimate means to reboot the value potential of used materials, without the need to produce new ones. The model consists of technical cycles of mined materials and biological cycles of farmed materials. The main difference between these is that biological materials are digestible and don’t require active recycling’.1

Adriaan Beukers and Ed van Hinte, authors of Designing Lightness



Structure of the book

Chapter one provides a general introduction to the history and evolution of construction materials, while broadly setting out the terms by which material properties are described and classified. Here we examine new, novel materials and their associated fabrication and construction processes, as well as ancient local and vernacular materials and fabrication techniques that have been re-imagined for a contemporary construction environment.

This introductory chapter follows the structure of the materials classification chart and describes key criteria by which materials are selected, specified and applied. It answers questions such as: how do these materials behave structurally? How and why would you choose these materials in relation to specific programmatic requirements? What is the durability of the material over time? How easily are these materials transformed into building components?

Chapters two and three contain case studies that outline the current status of extractive (chapter two) and of grown (chapter three) materials. The construction industry is one of the largest causes of greenhouse gases, and each of the featured entries is designed to either mitigate or eliminate associated carbon emissions. In the case of regenerative materials, the sequestration of carbon (biogenic carbon) during material production and/or processing will result in a net reduction in embodied energy.

The case studies have been selected for their technical, aesthetic and social innovation, and also represent a global geographical spread of invention and entrepreneurship. Some of the materials featured are entirely or partly composed of upcycled or recycled materials, thus mitigating embodied carbon and usefully employing waste streams as part of a construction circular economy.

Without understanding our local climate context, the use of regenerative materials (however good their sustainable provenance and technical performance) is moot. If the history of architecture and construction has taught us anything, it is that the siting, orientation and form of built structures are the key determinants of the social and environmental success of a given building. Good buildings are adaptable, and the building fabric should readily respond to diurnal, seasonal (and unseasonal) climatic change. The use of sustainable and regenerative building materials must go hand in hand with thoughtful environmental design, presenting a holistic approach that produces great architecture which is not damaging to the planet.

[image: ]

Herzog and de Meuron’s Elbphilharmonie in Hamburg, Germany, uses natural gypsum plaster and paper pulp to create ‘acoustically microshaped’ panels in the auditorium.

A note on material properties

Analytical data such as embodied energy (measured in carbon) is indicated for each featured material where possible, as well as other key technical metrics (as applicable or available) such as compressive and tensile strength, fire resistance and thermal insulative value (U-value). Information on material sourcing and associated processing and fabrication is also described to help build a bigger picture around the appropriate use and specification of each material. In some of the case studies, such as TerraCool (here), we see a slip-cast terracotta building component that, while using the extractive mined material of terracotta clay and associated energy of a kiln-fired process, provides a passive cooling effect and thus mitigates the operational energy of a comparable air-conditioning system. As such, the metrics of each material and its associated embodied carbon must be viewed in the context of their designed use, and it is only when utilized as part of a project that the true environmental value and cost of a material can be understood.

This book presents an overview of materials and material processes, and it also showcases the work of designers who are making it their business to better understand what the designed world is made of, where those materials come from, and how those materials perform. It might seem obvious that design decisions have consequences, but somewhere this message seemingly got lost. The rediscovery and embracing of sustainable material sourcing, making, re-making, reuse and recycling is exciting and challenging; it offers us a positive future where the crude exploitation of natural resources is replaced by a more thoughtful, circular or regenerative approach to design.


‘We are doing very little to adapt to the inevitable change in climate. The housing we have is not well insulated, so it leaks heat in the winter, but in the summer the natural cooling is not there as well. And the design of our urban environment is not conducive to making the higher temperatures more liveable … the design of our cities, our offices, everything we are doing is just not taking account of the changing climate.’2

Professor Sir Brian Hoskins, Meteorologist and Climatologist
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