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Foreword

When industrial design was in its infancy, it was centred around drawing a sketch to kick-start the creative process, leaving materials to a later stage. More recently, that starting point has moved towards materials, making much better use of them as a vehicle for storytelling and as a way for products and brands to define user experiences. Increasingly, and against a rapidly accelerating upward trajectory in terms of production, these stories and experiences are becoming focused on sustainability, and materials are one of the main ways that designers have influence when it comes to developing products with reduced environmental impact.

But materials are a challenging starting point because they’re in continuous motion and evolution, with a blurred target and endpoint (if such a thing even exists), making them a subject that’s incredibly hard to understand fully. I recently heard someone refer to materials and sustainability as the Wild West – a new frontier where we’re having to learn and adapt as we find our way.

Add to these complexities and evolving issues the emotive response that we all have towards the environment and you’ll see why it can be scary to stick your neck out as a designer – making claims that one material is better for the environment than another while fearing that someone else will unearth a reason as to why your choice doesn’t actually yield such a positive contribution. ‘Don’t kick the kitten’, my friend Ed Thomas would tell his design team while he was director of materials design at Nike, meaning that it’s okay to put an idea out there that’s still forming – to let it see the light of day, even if it may not turn out to be the best solution. Because applying the right material can be such a fraught task, it often makes our choices as designers quite timid.

There are so many opinions in the world as to what’s right in terms of material selection, and more often what’s wrong. Sustainability will never be as simple as choosing one material over another, and there will never be clear, decisive boundaries between what is good or bad. Sustainability for designers is about taking a position on which approach is best suited to which industry and which product, planning for the optimal lifespan and expected waste stream on disposal to maximize the chances of recovery. Understanding and navigating these twists and turns are the routes that lead to sustainable material selection.

The Wild West of sustainability and materials is a frontier that Daniel has been at the leading edge of in his work as a designer. His deep understanding of, firstly, the role of materials and sustainability in the design and product development process, and secondly, of balancing the functional needs of materials with the intangible emotive values that materials and sustainability have for consumers, has allowed him to gather the most appropriate level of information for this book. Access to this information is essential for designers who are getting to grips with the complexities of materials and sustainability.

There are many books on the environment, but few that look at it specifically through the lens of materials, and in particular, design and materials selection. For this reason, Better Things, with its chapters methodically structured around material categories, will guide you through a range of approaches and strategies for effective application. By the end of it, materials and sustainability will have become a less scary and intimidating subject.

Chris Lefteri




Introduction

As far as I’m concerned, product design starts with materials and processes. Without this foundation, there is no product. But despite the central role of materials in product design, it’s not easy for designers to find clear and accessible information about their environmental impact. It’s not unusual to come across materials and products that are marketed simply as ‘plastic free’, ‘recycled’ or ‘bio-based’ without much actual information about their origins or how to assess their effects on the environment, often leading to confusion and, in the worst cases, greenwashing. Fortunately, a framework for assessing the environmental impact of materials is starting to emerge, backed by consumers’ expectations and new legislation in key markets like the European Union.

With this book I have collected all the useful information and data that I’ve been able to find for a wide range of materials, organized into seven chapters covering plastics, textiles, metals, glass and ceramics, wood, paper, and emerging sustainable material technologies. It aims to give an indication of the strengths and weaknesses of each material from an environmental point of view, as well as an introduction to key sustainability concepts and strategies. Sustainability is a complex topic and it’s my hope that this book will clarify current thinking around sustainability, helping you make better decisions about design and material selection.

Measuring environmental impact

Increasingly, material suppliers are expected to measure their environmental impact and make the results publicly available, typically in the form of a cradle-to-gate partial life-cycle analysis (LCA). A cradle-to-gate study covers every step of materials manufacturing, from the extraction and refinement of raw materials, up until the material leaves the factory gates, while a full LCA study covers the entire life cycle of a product, from raw materials and manufacturing to disposal. The diagram shown below gives a top-level overview of the scope of the most common LCA variants.

The environmental data that you’ll find for the materials in this book is based on cradle-to-gate analyses from suppliers, trade organizations and other sources, referenced in the notes at the end of the book (see here). It helps to have a basic understanding of the LCA model when looking for environmental information about materials, as suppliers tend to use several different terms – besides cradle-to-gate analysis, these include life-cycle inventory (LCI), environmental product declaration (EPD) and just plain LCA.

I’d like to say at this point that while it’s great that a growing number of material suppliers are making this information available, you should think of the numbers that are listed with each material in this book as an indication rather than absolute fact. At the time of writing, LCAs are not always done in the same way, making it difficult to make accurate comparisons of the results between different studies unless you’re an expert and know exactly what you’re doing. The European Commission has initiated a new methodology and standard for LCAs called the Product Environmental Footprint, or PEF, which is expected to become mandatory in the EU in 2024, and will make it much easier to interpret and compare LCA results. In the meantime, the data in this book should provide guidelines to help you focus your work on problem areas, where you are likely to be able to reduce the environmental impact of the products that you’re working on. I would urge you to look both at individual materials as well as the bigger picture, in the form of the statistics and other insights featured at the beginning of each chapter and section of the book. For example, looking at the current situation, you could argue that plastics have more of a waste problem than an emissions problem. By the same token, you could argue that metals have more of an emissions problem than a waste problem. Taking the whole picture into account should make it easier for you to narrow things down and focus on the areas that will make a real difference when making decisions about material selection.

An in-depth introduction to LCA methodology is beyond the scope of this book, but if you’re interested in finding out more, the resources on here provide links to LCA software, learning resources and databases with publicly available material environmental data. I’d also urge you to ask suppliers for environmental data about specific materials and grades that you’re considering using, as they will often only provide data on request.


Life-cycle analysis (LCA)

Cradle-to-cradle and cradle-to-grave LCAs cover the entire life of products, while partial LCAs, such as cradle-to-gate and gate-to-gate studies, focus on specific phases, such as materials production and product manufacturing.
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Energy, carbon dioxide and materials manufacturing

I think it’s reasonable to say that one of the most useful and widely accepted outcomes of LCA studies so far is the ability to calculate greenhouse gas (GHG) emissions and their impact on global warming. Carbon dioxide, or CO2, is by no means the only GHG, but the volume of CO2 emissions in materials manufacturing and its impact on global warming makes it very important in the context of this book. To understand the role of carbon in manufacturing and global warming we have to take a closer look at the carbon cycle – a fundamentally important natural process without which life on earth would not be possible.

The carbon cycle consists of two elements – the fast and the slow carbon cycle. The fast carbon cycle connects all life on the planet in real time in a very tangible way. Humans and other animals breathe in oxygen and breathe out CO2, while plants absorb CO2 and release oxygen back into the atmosphere. The slow carbon cycle, on the other hand, relies on chemical and tectonic processes that fossilize organic materials and sequester carbon underground and in the ocean floor over the course of hundreds of millions of years.

When we extract and burn large volumes of this sequestered carbon in the form of oil, natural gas or coal to generate energy, it upsets the balance in the fast carbon cycle by releasing more CO2 into the atmosphere than can be absorbed by the plants on the earth’s surface. This is a problem because CO2, along with other GHGs, traps heat in the atmosphere, slowly warming the planet. The really scary thing about CO2 is that, if there are not enough plants to absorb it, it remains in the atmosphere forever.

The connection between the materials industry, CO2 and global warming is at least threefold. Most of the CO2 emissions from the materials industry come from the energy derived from coal, natural gas and other fossil fuels used in materials production. And materials production often uses a lot of energy. But carbon is also a fundamental building block in many materials – a tree, for example, typically consists of 50 per cent carbon, while the corresponding number for plastics is about 80 per cent. Incinerating these materials releases this embodied carbon into the atmosphere in the form of CO2. Lastly, overuse of materials that are derived from biomass, such as trees and other plants, can lead to deforestation, reducing the capacity for CO2 to be absorbed across the globe.

Global warming potential, or GWP, is a measure of how much heat different GHGs trap in the atmosphere, using CO2 as the benchmark. This way, all GHG emissions can be included in a single number, expressed as CO2 equivalents, or CO2e. GHG emissions for the materials featured in this book are all listed as GWP in the form of kilo of CO2e per kilo of material. However, you should proceed with caution when using these numbers, especially when comparing the impact of different materials. Firstly, a product or part is likely to look very different in terms of design features like wall thickness and reinforcing ribs, as well as overall volume using different materials. Another factor to take into account is that the density of different materials can vary quite a bit. For example, the density of steel is about three times that of aluminium, so comparing the emissions of these materials must be based on the weight of a specific part, rather than kilo for kilo.

Lastly, it’s worth pointing out that while GHG emissions are undoubtedly one of the major environmental challenges facing the materials industry, they are by no means the only one. Other aspects of materials manufacturing, such as over-exploitation of renewable and non-renewable resources, toxic ingredients and by-products, and a growing mountain of waste, are also pressing issues in need of sustainable solutions. Let’s take a closer look.

The origin of raw materials

At the most basic level, the materials in this book can be categorized as either renewable or non-renewable. Sometimes you’ll find that renewable materials are marketed as more sustainable than non-renewable materials by default, although if you dig a little deeper, things may not be so straightforward. Renewable resources like forests can certainly be sustainable, but in reality, irresponsible harvesting of timber is not uncommon, and in extreme cases, illegal logging too, which, if it’s allowed to continue, will create enormous environmental issues. As mentioned above, forests are a crucial component in the fast carbon cycle, so felling too many trees will severely impact the global capacity for absorbing CO2. Over-exploitation of forests will also eventually lead to soil erosion, making it difficult to replant trees (or any other plants, for that matter) and turning the land into desert in the long term. More recently, concerns have been raised about forest monocultures that consist entirely of a single species of tree, which can have a massive impact on local ecosystems and communities. You could also argue that there’s an inherent conflict that needs to be carefully handled between commercial forestry, which aims to maximize yield, and natural processes such as allowing dead trees to slowly decay, fulfilling their role as habitats for fungi, insects and other animal life, while also returning nutrients to the soil.

On the other hand, there are non-renewable materials like metals that are among the most widely recycled materials in the world today, to a point where some metal suppliers are preparing for a future where the majority of metal raw materials will come from recycling. Plastics occupy a special place in this context, as it’s possible to make them using both non-renewable and renewable raw materials. Plastic production volumes are expected to grow significantly over the coming years, raising major questions about how this increased demand might realistically be met by recycled and renewable plastics.

Other materials are non-renewable, but said to be ‘abundant’. Take sand, for example. The kind of sand that’s suitable for glass and ceramics production, and used in huge volumes to make cement for the global construction industry, typically comes from riverbeds and beaches, formed as part of a natural cycle in which rocks are gradually eroded by wind and rainwater, with the sediment breaking down into grains of sand as it’s washed out into the world’s rivers. So while sand is technically a non-renewable resource, it’s actually replenished over time. However, the pace of sand mining increasingly exceeds the time it takes for new sediment to replace it, endangering rivers, beaches and sometimes entire coastlines and islands.

Certifications exist for the responsible extraction of many raw materials, which you can read more about in the relevant chapters. Always ask suppliers to confirm the origin of their raw materials and which certifications apply to their materials.

Materials and toxicity

Toxicity is a fairly complex topic, and one that impacts every single stage of material manufacturing. Toxic raw materials and chemical ingredients are used in plastics and synthetic textiles production, for example, although this doesn’t automatically mean that the finished material is toxic in itself. Other materials generate toxic by-products during the manufacturing process, such as slag from the mining of metals and ceramic raw materials. Toxic materials are also sometimes used in the refining and processing of raw materials, such as chlorine, which is used for bleaching paper fibre, or carbon disulphide, which is used in the production of viscose textile fibre. Likewise, lead and cadmium were once common in ceramic glazes.

While the above examples are typically subject to tough restrictions and monitoring, or replaced with non-toxic alternatives, there’s no shortage of historical examples of industrial disasters involving toxic materials, where the consequences have been devastating for factory workers, local communities and ecosystems. This book lists relevant reduced- or non-toxic options for each material category, as well as individual materials where applicable.

Proper usage of materials is probably of more direct concern to consumers. Many materials are considered safe so long as they’re not heated above a certain temperature, or kept out of contact with certain chemicals, water or other substances, for example. There are basic guidelines in place in this area, such as US Food and Drug Administration (FDA) approval and equivalent European legislation, but the bottom line is that we have a fairly primitive understanding of the effects of the complex combinations of chemicals used in materials production. Additives used in plastic materials are often highlighted in this context. While the toxicity of certain additives is well understood – such as the use of bromides for fire resistance, and phthalates for softening PVC materials – there are gaps in our knowledge. A pioneering study published in Environmental Science & Technology in 2019 by scientists in Germany and Norway examined a selection of packaging and product samples made with eight common plastic types. While some plastics showed little or no toxicity, others contained several toxic compounds that were not known or documented before the study. This is also a source of concern in terms of recycled plastics, as the plastic recycling processes that are most common at the time of writing are not capable of separating potentially harmful additives from recycled plastic materials. A good starting point is to ensure that any materials, additives and finishes that you are considering are compliant with the EU’s REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals) and SVHC (Substances of Very High Concern) frameworks. I’ve tried to steer clear of materials with known toxic effects in this book, and my advice would be to keep additives and surface treatments to a bare minimum to avoid complex combinations of materials – toxicity is difficult to predict, given our current limited knowledge.

A return to circularity

Although things may look very different today, what we call circularity has historically been the rule rather than the exception. The economics, infrastructure and technical solutions that make it possible to produce previously unimaginable volumes of products – of which currently only a small proportion are recovered and recycled, composted or put back into the loop in any meaningful way – are thoroughly modern conditions, in stark contrast with a past when resources were more scarce. So in a way, the move towards a more circular economy is going back to the way things were, when reduce, reuse and recycle was the norm rather than jargon. At the same time, it’s unreasonable to think that the solution to the environmental crisis is to somehow force the global population back into pre-Industrial Revolution ways of living.

Better Things presents several approaches for dealing with waste recovery and material circularity, and the available options look quite different between different material categories. Recycling is a case in point. Using the processes that we have available today, some materials are easier to recycle than others, which is clearly reflected in the recycling rates of each material category – sometimes down to the level of individual materials and grades. Additionally, recycling is a fairly complex topic in itself. What do we mean by ‘recycled material’ in the first place? Are we talking about post-industrial recycled (PIR) factory waste, potentially collected from the factory floor and put directly back into production, or post-consumer recycled (PCR) waste that’s been out in the world in a million different places and then recovered, separated from other waste and recycled into new material? The former is usually considerably more straightforward than the latter, which is why PIR and PCR materials should be kept separate when assessing the environmental benefits of recycling. On the other hand, there are many examples of PIR waste that’s not easy to recycle, such as mining waste, where recycling would be extremely valuable and desirable.

Another thing to take into account is the quality of the recycled material. Separation of different waste materials is often a prerequisite for any efficient recycling, but several materials also require sorting by specific type and grade of material. Aluminium is a good example, where the mixing of different alloys during recycling will lead to an inferior recycled material. The same is true for plastics, where certain material combinations that are common in packaging applications today make it impossible to recycle the waste into new material with equivalent properties that can go back into packaging applications. While some sorting is done by waste-management companies and recyclers, for the system to work efficiently it’s also important that individual households, institutions and companies do their bit. Currently, this is easier said than done, as no universal labelling system is in use across major markets. Many may be familiar with the recycling codes that are sometimes visible on products and packaging, but application is patchy and the system can be seen as too technical and lacking clear direction for how to sort different types of waste for non-experts. Some countries, such as Denmark, have developed their own labelling system, which is used on products, as well as on municipal recycling bins and at recycling centres, to help consumers sort their waste properly. This book provides an introduction to recycling for each featured material category, as well as design approaches for improved circularity.

Beyond recycling, biodegradable materials offer an alternative option at the end of a product’s life. Some materials, like paper, are both biodegradable and widely recycled, arguably offering the best of both worlds. There are a few things to take into account with biodegradable materials, however. First of all, there is a difference between biodegradability and compostability, which is often overlooked. ‘Biodegradable’ simply means that a material will degrade without negative effects on the environment, while ‘compostable’ describes a material that contains nutrients and other elements that enrich the soil, effectively allowing it to turn into fertilizer during the composting process. There are also significant differences between the conditions that individual materials require to break down. Some need oxygen and elevated temperatures in an industrial composting facility, while others will decompose in a household compost heap or even in landfill. Where applicable, the entries in this book provide an overview of any relevant biodegradability certifications and requirements.

In summary, biodegradable materials should be treated with a degree of caution. Biodegradable waste is capable of causing the same problems as any other type of waste until it’s fully broken down, which can take a long time, depending on environmental conditions. For this reason, biodegradable products should not be marketed to consumers in a way that implies that irresponsible littering is somehow acceptable, and well-respected organizations, like TÜV Austria, actively screen applications to avoid awarding certification to products where biodegradability is not helpful or could be seen as advocating guilt-free littering.


Global material recycling rates

The ratio of recycled (PIR and PCR) material going into new material production, in million tonnes.1 A special note about textiles: it’s estimated that currently almost all recycled textiles are recycled polyester made with waste PET bottles.
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Designing for longevity

No material is perfect in every respect; there are always drawbacks that need to be mitigated by making design adjustments or by using combinations of materials or various functional coatings and surface treatments to fulfil specific tasks. Add sustainability into this mix and it quickly becomes very complicated. As mentioned earlier, many common combinations of materials, surface treatments and assembly methods are difficult to separate, which in turn makes recycling difficult, if not impossible. On the other hand, less robust materials can have very negative effects on specific applications through overuse of materials to compensate for lower performance.

One factor to take into account with regards to recycling specifically is that recycled materials often have lower performance than virgin materials, so design adjustments may be required to replace virgin materials with recycled ones. This could mean having to use thicker wall sections and additional features such as reinforcing ribs in plastic mouldings, or using a heavier weight of recycled material in paper applications, to give just two examples.

Each material in this book has key mechanical- and environmental-resistance properties listed, giving an overview of strengths and weaknesses. Solutions are also increasingly being introduced specifically to improve the properties of materials without negatively impacting their circularity, which is highlighted where relevant throughout the book.

The aesthetics of sustainability

One aspect of sustainable materials that’s perhaps slightly overlooked is that they often come with significant aesthetic limitations. This can be the result of specific recycling processes, such as plastics, where separation by colour is still rather uncommon; recyclers tend to simply add black or dark grey pigment to give the recycled material colour consistency. But design guidelines for improved circularity can also restrict other aesthetic options – just as some functional finishes and other treatments compromise the circularity of materials, the same applies to decorative finishes. This is of course also a great opportunity to explore new material expressions and user experiences. An overview of relevant aesthetic considerations and compatible finishing processes are provided for all of the materials featured here.

How to use this book

First and foremost, I hope that Better Things will be a useful reference, helping you identify ways to reduce the environmental impact of the materials that you specify in your work as a designer. I hope it will also be helpful to you in finding additional materials and suppliers beyond the scope of this book. Knowing roughly where to look will make further research faster and more focused than if simply starting with a generic term like ‘sustainable plastics’.

Each entry includes a few suggested suppliers that you can contact as a first step towards sourcing suitable materials. I would like to point out that the selection criteria I’ve used for suppliers is based on their willingness to make information about the environmental impact of their materials publicly available, as well as my personal view that they are leading in their respective fields. None of the suppliers have been charged to be included in the book, and I have used any information provided by them in good faith, assuming that it’s thorough and accurate. Any typos, misinterpretations and other errors are, of course, mine alone. So be sure to follow up and do your own due diligence before entering into any kind of business relationship with suppliers that you find in this book.

On the theme of suppliers, along with statistics and case studies, it’s fair to say that this book is rather Eurocentric. This is not a conscious decision on my behalf – my sense is rather that the many European suppliers and case studies in this book are the result of new legislation around sustainability and the European Green Deal initiated by the European Commission, which is forcing material suppliers and brands to reckon with sustainable materials in ways that may not be required yet in other markets. The EU is also a treasure trove for statistics and other data, both through Eurostat, the EU’s official statistics agency, but also through the very large number of high-quality reports on everything from waste management to the benefits of renewable raw materials that are the result of projects run by the EU and various business organizations and academic institutions.

Lastly, each chapter in this book features interviews with designers, researchers and entrepreneurs whose work is redefining sustainable design in their respective fields. If the main purpose of Better Things is to create an overview of currently available materials, these interviews will open your mind to alternative viewpoints, and give you an idea of how sustainable material technologies may evolve in the future.
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Detail of the S-1500 Chair designed by Snøhetta for NCP (see here). On the theme of the aesthetics of sustainability, the colour variations of the recycled plastic waste that’s used in the seat are clearly visible in the finished product.
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